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The  character  of  Dr.  Worcester  as  a  chemist  was  recognized 
throughout  the  Commonwealth  as  of  the  highest  order.  He  was 
careful,  thorough  and  painstaking  in  every  line  of  his  ofiKcial  duty^ 
and  won  the  respect  and  esteem  of  all  with  whom  he  came  in  contact. 
In  the  laboratory,  in  court,  in  his  daily  relations  with  men,  he  im- 
pressed every  one  with  the  absolute  sincerity,  honesty  and  trust- 
worthiness of  his  character.  In  his  death  the  service  of  the 
Commonwealth  has  sustained  an  irreparable  loss. 


Infectious  Diseases. 

The  year  1898,  as  indicated  by  definite  information  in  the  posses- 
sion of  the  Board,  was  notable  for  its  greater  freedom  from  epidem- 
ics than  any  other  year,  with  one  or  two  exceptions,  in  the  past 
half-century.  So  far  as  can  be  learned  at  the  date  of  writing  this 
report,  the  death-rate  of  the  State,  which  has  usually  varied  but 
little  from  19.5  per  1,000  during  the  past  twenty-five  years,  fell 
to  less  than  18  in  1898.  The  most  notable  factor  in  this  im- 
provement appears  to  have  been  the  decrease  in  the  mortality  from 
certain  infectious  and  preventable  diseases,  and  especially  from  diph- 
theria, scarlet-fever  and  consumption. 

The  tendency  of  legislation  in  regard  to  the  management  and  con- 
trol of  those  infectious  diseases  to  which  human  beings  are  liable  is 
usually  toward  a  better  protection  of  the  public  health.  The  laws 
of  to-day  are  much  more  specific  and  definite  than  those  which  were 
enacted  in  the  early  half  of  the  century. 

Even  as  late  as  the  publication  of  the  volume  of  the  Public 
Statutes,  in  1882,  no  specific  legal  mention  was  made  of  the 
diseases  now  known  as  dvpktheria^  scarlet  fev^^  typhoid  fever  or 
measles.  The  principal  terms  employed  in  the  statutes  before  that 
date  to  denote  infectious  diseases  were  the  words  small-pox  (P.  S., 
chap.  80,  §§  2,  82,  83,  and  chap.  86,  §  25),  plague  (P.  S.,  chap. 
80,  §§  40,  44),  hydrophobia  (P.  S.,  chap.  102,  §  83).  The  more 
indefinite  terms  having  relation  to  the  same  subject,  ^^  other  diseases 
dangerous  to  the  public  health"  (P.  S.,  chap.  80,  §§2,  75,  78,  79, 
etc.),  "an  infectious  distemper"  (P.  S.,  chap.  80,  §  68),  "severe 
epidemic"  (P.  S.,  chap.  80,  §  14),  "articles  capable  of  convejring 
infection"  (P.  S.,  chap.  80,  §  18),  placed  in  the  power  of  local 
health  authorities  considerable  latitude  of  interpretation. 
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During  the  past  sixteen  years  additional  and  more  specific  laws 
haTe  been  enacted  for  the  restriction  of  the  spread  of  diphtheria  and 
scarlet  fever  (1884,  chap!  98,  §  1 ;  1885,  chap.  198,  §  1 ;  1890,  chap. 
102  ;  1891,  chap.  188),  typhoid  fever  (1883,  chap.  124,  §  2),  syphi- 
lis (1891,  chap.  420,  §§  1,  2),  measles  (1898,  chap.  496,  §  11). 
By  the  laws  authorizing  the  appointment  of  a  Cattle  Commission  the 
diseases  known  as  tuberculosis,  glanders  and  rabies,  common  to  man 
and  to  animals,  are  also  recognized ;  and  by  the  statute  authorizing 
the  establishment  of  a  State  Hospital  for  Consumptives  provision  is 
also  made  for  the  isolation  and  treatment  of  persons  suffering  with 
consumption,  now  properly  classed  among  the  infectious  diseases. 
It  has  been  the  custom,  in  each  of  the  reports  of  the  past  twelve 
years,  to  present  a  condensed  statement  relative  to  the  prevalence 
of  the  principal  infectious  diseases,  having  special  reference  to  those 
which  are  mentioned  in  the  statutes. 

Smdll'pox, 

Although  small-pox  prevailed  quite  generally  in  many  of  the 
eastern  and  central  States  of  the  Union  during  1898,  Massachusetts 
fortunately  es<»ped  with  a  very  small  number  of  outbreaks,  and 
among  those  attacked  there  were  fortunately  no  deaths  in  1898. 

The  entire  number  of  cases  reported  to  the  Board  during  the 
year  under  the  provisions  of  chapter  138  of  the  Acts  of  1883  was 
twelve.  These  occurred  in  two  outbreaks,  nearly  a  year  apart,  the 
latter  in  a  paper-mill  village. 

Early  in  January  a  young  man  employed  in  Greenfield  took  a 
pleasure  trip  of  several  hundred  miles,  returning  to  Greenfield  soon 
afterward.  He  was  then  boarding  in  a  hotel  near  the  railroad  sta- 
tion, where  he  was  taken  ill  with  what  proved  to  be  small-pox  in  a 
modified  form.  Two  other  young  men  had  access  to  his  room  dur- 
ing his  illness,  an{l  before  the  character  of  the  disease  had  been 
made  known  with  certainty.  These  two  young  men  were  also  taken 
ill,  and  all  three  were  sent  to  a  temporary  hospital.  The  hotel  was 
closed  to  the  public  and  its  inmates  were  quarantined.  General 
vaccination  was  ordered.  The  persons  attacked  were  seen  by  the 
secretary  of  the  State  Board,  and  the  cases  were  pronounced  to  be 
small-pox.  One  other  case  occurred  in  another  part  of  the  town  in 
March  and  also  one  in  Westfield  in  February,  the  cause  of  the  latter 
being  unknown. 


GENERAL  REPORT. 


The  following  report  of  the  State  Board  of  Health  comprises  the 
general  work  of  the  Board  during  the  year  ending  Sept.  30,  1898, 
and  of  the  special  work  relating  to  food  and  drug  inspection  during 
the  same  period,  also  of  that  which  relates  to  water  supply  and 
sewerage  for  the  calendar  year  1898. 

The  first  portion  of  the  volume,  paged  in  Roman  numerals,  con- 
tains a  condensed  account  of  the  work  done  under  the  provisions  of 
the  laws  defining  the  duties  of  the  Board. 

The  regular  work  of  the  Board  is  performed  mainly  under  the 
provisions  of  three  separate  acts  and  the  necessary  appropriations 
for  their  execution, — an  organic  act  of  1869,  establishing  the  Board ; 
an  act  for  the  inspection  of  food  and  drugs,  of  1882  ;  and  an  act  for 
the  protection  of  the  purity  of  inland  waters,  of  1886,  with  the  amend- 
ments to  these  acts. 

The  second  part  of  the  report,  paged  in  Arabic  figures,  contains 
the  fuller  details  of  the  work  of  the  Board,  under  the  acts  relating 
to  water  supply  and  sewerage,  food  and  drug  inspection  and  the 
general  acts  relating  to  the  work  of  the  Board. 

The  following  members  comprised  the  Board  in  1898  :  — 


Hbmbt  p.  Walcott,  Chairman. 


Fraitk  W.  Draper. 
HmAM  F.  Mills. 
Jaxmb  W.  Hull. 


Gerard  G.  Tobet. 
Charles  H.  Porter. 
Julian  A.  Mead. 


No  changes  have  taken  place  in  the  membership  of  the  Board  dur- 
ing the  year. 

Dr.  Charles  P.  Worcester  died  Oct.  9,  1898,  after  ten  years  of 
senrice  as  assistant  analyst  and  as  chief  analyst  of  the  Board  in  its 
department  of  food  and  drug  inspection. 
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by  thorough  vaccination  than  to  await  the  coming  of  an  epidemic 
before  taking  such  measures. 

During  the  year  there  were  repoi-ted  to  the  Board,  under  the 
provisions  of  the  Toronto  Interstate  Resolutions  of  1886,  470  cases 
of  small-pox  scattered  throughout  the  country  in  the  following 
States  and  provinces :  New  York,  Pennsylvania,  Ohio,  Indiana, 
Illinois,  Michigan,  Minnesota,  North  Carolina,  South  Carolina, 
West  Virginia  and  the  provinces  of  Ontario  and  Quebec.  This 
did  not  comprise  the  whole  number,  since  in  several  instances  the 
number  attacked  was  indefinitely  expressed  (**many"  or  **  sev- 
eral ") .  Cases  were  reported  in  every  month  of  the  year  except 
August. 

Small-pox  was  also  reported  by  the  United  States  Commissioner 
of  Immigration  at  New  York  as  having  occurred  on  board  the  fol- 
lowing steamers,  bringing  immigrants  destined  for  Massachusetts : 
««  Carlsruhe,"  ««  Moravia,"  ««  Augusta  Victoria,"  <«  Gallia,"  "Spaan- 
dam,"  **  La  Normandie"  and  <*  Pretoria."  Upon  these  steamers 
there  were  206  immigrants  destined  for  cities  and  towns  in  Massa- 
chusetts. Upon  receipt  of  definite  information  from  the  Commis- 
sioner in  regard  to  these  immigrants,  their  names  and  destination 
were  immediately  forwarded  by  the  Board  to  the  health  officers  of 
those  towns  and  cities,  in  order  that  they  might  be  kept  under  sur- 
veillance. 

Typhoid  Fever, 

In  the  reports  of  the  last  four  years  a  table  has  been  introduced 
in  which  were  presented  the  number  of  deaths  and  the  death-rates 
from  typhoid  fever  in  each  of  the  cities  of  the  State.  Another  table, 
published  in  the  report  of  1896,  page  779,  showed  quite  conclusively 
that  the  death-rate  from  this  disease  has  diminished  with  consider- 
able uniformity,  as  public  water  supplies  have  been  introduced. 
Another  table  (twenty-ninth  annual  report,  1897,  page  495)  shows 
what  has  been  accomplished  in  reducing  the  death-rate  from  this 
disease  by  improving  the  water  supply  of  a  single  city. 

In  the  following  tables  the  deaths  and  death-rates  from  this  dis- 
ease are  presented  in  groups  of  five  years,  except  those  for  1896, 
1897  and  1898,  which  are  presented  singlj' :  — 


1899.] 


PUBLIC  DOCUMENT  — No.  34. 


■  •  • 

Xlll 


it^es^oo^ 


I 

K 


m 

V 


In. 


G«e«( 


»->  "^  «0  «  Fl  < 


>aet>eoooo»eoaoeo«ooo«oeoe4coeo«Oiee«e«e4oo 


I 


8 


oo^'oo^eoes  04  c4i-«  90000  »«(OiMaok«r««o««>coeee4v^oo<D<D>oee 


3 


^eookoo' 


i<o«nn0»eOfHa»oooo^'<«i«coeoo<>OQoeoe4O*oo 


00  ei 


.tf 


a  • 

eo      09 


Oft 


I  •         • 


3     I      I 

00 

m 


04       lO 


e« 


1 

e 

o 
& 

8 

a 

t 

a 

• 

S 

OS 

< 

o 


s 


assss 


)00<D9tkot*^aeoot»<OOkt*< 
leieftaaoaooo»«t«k«»«<oo< 


i^oo»o»-to^e««DOr4<0aei« 


ei 


CM 

00 


».^aao««<o«e99«a«oaOioak»«*9<ot*«^**'S9c^ooaiek<o^4oeo 
S*S«S0^-Z^2^St«i-i9<oao2<«eiioc«e4e>i«oi-it-iet*i^eli-i 


e>9 


0) 

•   -s     • 
.  ^    B 

O       4* 


XIV 


STATE  BOARD   OF  HEALTH. 


f  Jan. 


Deaths  from  Ttfphoid  Fever  in  Massachusetts  CUies  {1896, 1897  and  1898^. 


1896. 
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S 


t«  • 


^  T>  OS 


1897. 


I 


North  Adams,  . 

12 

PltUfi«ld,  .       . 

7 

Bosioo,     . 

\m 

QQiDey.     . 

8 

Beverly,    . 

T 

Waltham, . 

5 

TmQDtOD,    . 

7 

Lowell, 

88 

Balem, 

6 

Bpriogfleld, 

10 

New  Bedford,  . 

19 

Newton,    . 

7 

Lynn, 

» 

Ohloopeo,  . 

6 

HftTerlilU,* 

17 

FaU  BlTer, 

27 

Cbelaea,    . 

6 

s 


^3    t 


|2£ 


18*8. 

■ 

18»«. 

• 
1 

0.3     '1 

JBS    .  ,1 

SS£  ! 

^       .1 

• 

to 
Xi 

•« 
m 

i 

18»7. 


0.06 

8.31  ' 

8.33 

3.70 

&.8S 

2.84 

2.66  I 

4.48 

1.42,1 

1.88 

8.24 

2.47 


4.66 

8.65 
6.62 
2.02 
1.66 


» *.*2 ,; 

4-  1.88 
100'  3.0B  ' 
6  2.22 
4  8.28  ' 
2  0.02 
8.  2.88 

17   1.96 
6  1.66 

19  3.47 

24  8.84 
4  1.88 

18.  2.76 

7.  4.08 

16  4.38 

I 
40  4.17 


! 
10|  4.77   iHolyoke,  . 

8  8.68  !  FItehbarg, 

:       1 

186  3.50    Everett,     . 

I  i 

8'  3.40  I  Medford,   . 


4  8.28  '  Bomervllle, 
7  3.14  j  Nortliainpton, 
81  2.84    Lawreooe, 


6  1.88 

I 


24 
10 
16 
17 

7 
16 

4 

8 
21 

7 


Cambridge, 
Maiden,  . 
Wobam,  . 
Newbnryport, 
Woreeater, 
Broekton, . 
Oloneeater, 


2.71 
2.71 
2.66 
2.66 
2.86 
2.26 
2.24 
2.16  i'Marlborongb, 


2.11 
2.09 


Totala, 


9^ 

^3 

1   € 

Denthi 

10,000 

Q 

1 

2.07 

1 
6 

1 

2.04 

i      * 

1.97 

!       S 

1.82 

11 

1.80 

8 

1.00 

t« 

1.67 

14 

1.66 

1      6 

1.44 

t 

1.37 

2 

1.34 

18 

1.20 

8  ^.80 

2 

0.66 

0 

0.00 

446 

- 

2.60 

*  Bradford  annexed  to  HayerhUI,  Jan.  1, 1^7. 

t  Careful  inquiry  ahowa  that  the  number  of  deatha  from  typhoid  fever  In  Lawienoe  in  1898,  stated 
on  a  later  page  aa  8,  ahould  be  9. 

Nora.— For  the  years  1896  and  1897,  the  fignrea  are  t*ken  from  the  reglatration  reports  tat  thoee 
years.   For  the  year  1808,  the  figures  are  fnmlahed  by  the  loeal  boards  of  health. 

The  figures  presented  in  the  foregoing  table  show  that  the  typhoid 
fever  mortality  in  the  cities  of  the  State  has  fallen  from  a  rate  of  8.2 
per  10,000  living  in  the  five-year  period  1871-75  to  3.4  in  the  five- 
year  period  1891-95,  and  still  further  to  2.5  in  the  year  1898,  or 
less  than  one-third  of  its  former  proportions.  With  the  exception 
of  a  very  slight  increase  in  the  period  1881-85,  the  diminution  has 
been  quite  uniform. 

The  death-rate  from  typhoid  fever  in  the  cities  was  slightly  less 
than  that  of  the  previous  year,  2.50  per  10,000  in  1898,  as  com- 
pared with  2.56  in  1897. 

Among  the  ten  cities  having  the  highest  death-rates  from  this 
cause  during  the  three  years.  North  Adams  has  maintained  the  highest 
average.     Beverly  and  Haverhill  held  the  second  and  third  positions 
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for  the  three-year  period,  but  each  of  these  had  improved  since  1896. 

Pittsfield,  Boston,  Quincy,  Waltham,  Lowell  and  Salem  had  higher 

rates  in  1898  than  those  of  1897. 

Fear  having  heen  manifested  during  the  summer  of  1898  lest  the 
returning  of  a  considerable  number  of  troops  from  the  West  Indian 
campaign  and  from  the  various  camps  in  other  States  should  tend 
to  spread  this  disease  at  a  time  when  its  prevalence  is  most  severe, 
the  Board  reissued  its^  circular  upon  typhoid  fever,  with  such  mod- 
ifications as  were  deemed  necessary,  as  follows  :  — 


SuOOBSnONS   FOB  THE  PREVENTION   OP  TtPHOID   FeVER. 
[A  Cimcui.A£  7B0M  THB  Statb  Boabd  OP  Hbalth.  —  Beyued  Ootobbr,  1898.] 

Typhoid  fever  is  an  infectious  disease,  and  a  specific  bacillus  is  con- 
stantly present  in  the  lesions  and  Id  the  fecal  discharges. 

Typhoid  fever  prevails  throughout  the  year  in  New  England,  and  is 
osnally  more  prevalent  in  the  autumn  months  than  at  other  seasons  of  the 
year.  Of  36,012  deaths  from  this  disease,  occurring  in  Massachusetts 
during  the  thirty-six  years  ending  with  1896,  19,037,  or  more  than  half, 
oocorred  in  the  months  of  August,  September,  October  and  November. 

It  is  common  to  all  ages,  cases  occurring  in  infancy  and  in  old  age.  It 
occurs  more  commonly  in  persons  from  15  to  30  years  of  age  than  in  the 
younger  ages  and  those  of  middle  life.  The  following  figures  represent 
the  death-rates  in  Massachusetts  per  10,000  living  at  each  age  period  dur- 
ing the  twenty  years  ending  with  1895  :  — 


0-5  years, 
i^lO  years, 
10-15  years, 
16-80  years, 
SO-SO  years, 
30-40  years. 


2.29 
2.38 
3.34 
6.82 
6.40 
3.96 


40^0  years,     ....  2.92 

50-60  years,     ....  2.83 

60-70  years,     .        .        .        .  3.77 

70-80  years,      .        .        .        .  6.97 

Over  80  years, .        .        .        .  6.04 


,    Made  of  Propagation. 

Typhoid  fever  is  undoubtedly  communicable,  even  from  person  to  per- 
son, thoQgh  not  positively  contagions,  in  the  restricted  sense  of  personal 
contact.  The  infection  of  typhoid  fever  is  conveyed  from  the  sick  to  the 
well  through  the  medium  of  the  fecal  discharges,  and  such  is  the  most 
common  method  of  its  transmission.  The  vehicle  of  communication  may 
be  the  air  or  the  drinking-water,  more  commonly  the  latter.  Its  convey- 
ance by  food  has  also  been  demonstrated,  especially  by  milk  and  by  several 
species  of  shell-fish.  The  difficulty  of  discriminating  between  water  and 
milk  as  media  of  transmission  in  certain  cases  is  recognized,  especially  in 
luge  cities. 
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Prevention. 

The  purification  and  protection  of  public  and  private  water  supplies  Jrom^ 
pollution  is  one  of  the  best  measures  for  the  prevention  of  this  disease. 
The  Caterham  epidemic,  which  occurred  in  England  in  1878,  in  which  35^ 
cases  and  21  deaths  followed  the  pollution  of  a  public  water  supply  by  the 
typhoid  excrement  of  a  single  person,  and  more  recently,  the  epidemic  at 
Plymouth,  Pa.,  which  was  still  more  destructive,  and  where  a  similar  origin 
was  distinctly  traced,  were  noted  examples  of  the  pollution  of  public  water 
supplies.  The  continued  prevalence  of  this  disease  in  the  cities  of  this 
State  which  used  the  water  of  the  Merrimack  River  for  domestic  purposes 
furnished  abundant  proof  of  the  mode  of  transmission  of  the  disease ;  and 
the  results  of  filtration  of  the  public  water  supply  at  Lawrence  also  have 
given  proof  of  the  efficiency  of  this  method  of  purification  as  a  means  of 
its  prevention. 

Single  cases  and  detached  groups  of  cases  are  more  commonly  traced  to 
private  wells  as  their  source,  in  consequence  of  proximity  of  the  wells  to 
cesspools,  vaults,  barn-yards,  pig-styes  and  other  contaminating  sources. 
Hence,  isolated  farm-houses,  thinly  settled  districts,  as  well  as  small  but 
compact  villages,  without  a  public  water  supply,  are  more  liable  to  the 
occurrence  of  the  disease  than  cities  having  a  public  supply.  In  Massa- 
chusetts, for  the  five  years  1871-75,  the  number  of  deaths  per  10,000  of 
the  population  from  typhoid  fever  was  8.2.  During  the  five  years  1886-90 
the  death-rate  from  this  cause  had  fallen  to  4.2  per  10,000.  During  this 
time  the  number  of  cities  and  towns  having  public  water  supplies  had  in- 
creased from  20  (1870)  to  187  (1890). 

The  source  of  many  cases  has  been  explained  by  the  large  and  increasing 
numbers  of  people  who  are  in  the  habit  of  visiting  seashore  and  summer 
resorts,  picnic  and  camp  grounds,  where  the  sanitary  conditions  are  of  a 
doubtful  character. 

The  great  value  of  pure  water  supplies  and  efficient  drainage  systems  of 
municipalities  in  the  reduction  of  this  disease  is  shown  by  the  experience 
of  English  cities  and  towns,  in  nearly  all  of  which  a  very  decided  reduction 
in  mortality  from  typhoid  fever  followed  the  introduction  of  such  works.* 

Duties  of  Local  Authorities  with  Reference  to  Typhx)id  Fever. 

1.  To  investigate  the  source  or  origin  of  the  disease,  and  to  take 
measures  to  prevent  the  further  use  of  well  waters  (if  such  be  shown  to 
be  its  mode  or  medium  of  communication),  until  the  source  of  infection  is 
remedied. 

*  Ninth  Report  of  the  Privy  Coancil,  England,  1866.    Sixth  Annual  Report  of  the  State 
Board  of  Health  of  MaMachasetts,  1875.    Senate  Docnment  No.  4,  Janoary,  1896. 
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^.  laoVation  of  the  sick.  While  the  separation  of  the  sick  from  the 
neW  la  desirable,  it  is  not  essential  that  the  same  restriction  as  to  inter- 
ooorae  shoald  be  required  as  is  necessary  in  the  case  of  small-pox  or  scarlet 
fever,  aince  there  is  no  evidence  that  this  disease  is  conveyed  from  the  sick 
to  the  well  through  the  medium  of  a  third  person. 

3.  Disinfection  of  the  discharges  of  persons  sick  tvith  the  disease  should  be 
required^  as  well  as  of  vaults  and  other  appliances  used  by  them,  and  also  of 
bedding,  clothing  and  apartments  used  by  the  sick,  especially  when  soiled. 

4.  Notices  of  all  cases  should  be  required  from  attending  physicians  in 
compliance  with  the  provisions  of  the  Public  Statutes.  Such  notice  should 
contain  the  name,  age  and  residence  of  the  patient,  the  name  of  the  disease, 
the  date  of  the  first  visit  and  the  name  of  the  reporting  physician.  Postal- 
cards  or  blank  forms  may  conveniently  be  used  for  this  purpose. 

Attention  is  called  to  the  following  statutes,  which  provide  definite  and 
specific  requirements  in  relation  to  disease  dangerous  to  the  public  health :  — 

[P.  S^  Chap.  80,  {  78;  Acts  or  1884,  Chap.  98,  {  1;  Acts  op  1890,  Chap.  102.] 

When  a  householder  knows  that  a  person  within  his  family  or  house  is  sick  of 
small  pox,  diphtheria,  scarlet  fever  or  any  other  infectious  or  contagious  disease 
dangerous  to  the  public  healthy  he  shall  immediately  give  notice  thereof  to  the 
board  of  health  of  the  city  or  town  in  which  he  dwells,  and  upon  the  death,  re- 
covery or  removal  of  such  person,  such  of  the  rooms  of  said  house  and  such  of 
the  articles  therein  as,  in  the  opinion  of  the  board  of  health,  have  been  subjected 
to  infection  or  contagion  shall  be  disinfected  by  such  householder  to  the  satisfac- 
tion of  said  board  of  health.  Any  person  neglecting  or  refusing  to  comply  with 
either  of  the  above  provisions  shall  be  punished  by  a  fine  not  exceeding  one  hun- 
dred dollars. 

[P.  8.,  Chap.  80,  §  79;  Acts  op  1884,  Chap.  98,  }  2;  Acts  op  1891,  Chap.  188.] 
When  a  physician  knows  that  a  person  whom  he  is  called  to  visit  is  infected 
with  small  pox,  diphtheria,  scarlet  fever  or  any  other  disease  dangerous  to  public 
heaUhj  he  shall  immediately  give  notice  thereof  in  writing  over  his  own  signature, 
to  the  selectmen  or  board  of  health  of  the  town ;  and  if  he  refuses  or  neglecta  to 
give  such  notice  he  shall  forfeit  for  each  offence  not  less  than  fifty  nor  more  than 
two  hundred  dollars. 

[Acts  op  1884,  Chap.  98,  }  3.] 

The  boards  of  health  in  the  several  cities  and  towns  shall  cause  a  record  to  be 
kept  of  all  reports  received  in  pursuance  of  the  preceding  sections ;  and  such 
record  shall  contain  the  names  of  all  persons  who  are  sick,  the  localities  in  which 
they  live,  the  diseases  with  which  they  are  affected,  together  with  the  date  and  the 
names  of  the  persons  reporting  any  such  cases.  The  boards  of  health  shall  give 
the  school  committee  immediate  information  of  all  cases  of  contagious  diseases 
reported  to  them  according  to  the  provisions  of  this  act. 

[Acts  op  1884,  Chap.  98,  {  4.] 
The  secretary  of  the  Commonwealth  shall  furnish  the  boards  of  health  with 
blank  books  for  the  record  of  cases  of  contagious  diseases  as  above  provided. 


xviii  STATE  BOABD  OF  HEALTH.  [Jan 


As  an  additional  measure  in  the  same  direction,  the  Legialatare  of  1893 
enacted  the  following  law,  requiring  that  the  contagions  diseases  reported 
to  the  local  boards  of  health  shall,  in  torn,  be  reported  by  them  to  the  State 
Board  of  Health :  — 

[Acn  OP  18BS,  Chat.  902.] 

(1)  l^lien  the  board  of  health  of  any  city  or  town  has  had  notice  of  the  oocur- 
reDce  of  a  case  of  small  pox  or  any  other  disease  daDgerous  to  the  public  health 
in  soch  city  or  town,  such  board  of  health  shall,  within  twenty-four  hours  after 
the  receipt  of  such  notice,  notify  the  btate  board  of  health  of  the  same. 

(2)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of  small  pox  or 
any  other  disease  dangerous  to  the  public  health  has  occurred,  refuses  or  neglects 
to  send  a  notice  as  required  in  section  one,  such  city  or  town  shall  forfeit  its  claim 
upon  the  Commonwealth  for  the  payment  of  any  expenses  which  may  be  incurred 
as  provided  in  section  eighty-three  of  chapter  eighty  of  the  Public  Statutes. 

Disinfection. 

The  following  are  recommended  as  the  most  eflScient  disinfectants  for 
nse  in  connection  with  this  disease :  — 

For  the  Disinfection  of  Excreta.  —  A  solution  of  chloride  of  Ume,  in  the 
proportion  of  4  parts  of  the  chloride  to  100  of  water  (from  ^  to  ^  a  pound 
of  the  chloride  to  a  gallon  of  water).  Qaiok-lime  slaked  with  water  in  the 
form  of  common  whitewash  or  milk  of  lime,  liberally  used.  The  mixture 
of  the  disinfectant  with  the  excreta  should  be  thoroughly  stirred,  to  ensure 
contact  with  all  parts  of  the  mass. 

For  the  Disinfection  and  Deodorization  of  Masses  of  Organic  Material  in 
Privy  Vaults^  etc. — Chloride  of  lime  in  powder.*  Quick-lime  slaked  with 
water  in  the  form  of  common  whitewash,  or  milk  of  lime,  freely  used. 

For  Clothingy  Bedding j  lAnen^  etc.  —  Burning,  if  the  articles  are  of  little 
value.  Boiling,  for  at  least  half  an  hour.  Immersion  in  a  solution  of 
bichloride  of  mercury,  of  a  strength  of  at  least  1  part  to  2,000  of  water, 
for  at  least  four  hours  (one-half  drachm  of  the  bichloride  of  mercury  to  a 
gallon  of  water) .  Immersion  in  a  2  per  cent,  solution  of  carbolic  acid  for 
four  hours  (2^  ounces  of  carbolic  acid  to  a  gallon  of  water). 

For  the  Person^  Hands  or  Other  Portion  of  the  Body  licMe  to  he  soiled.  — 
Solution  of  chlorinated  soda,  1  part  to  10  of  water  (1  gill  of  the  solution 
to  2 J  pints  of  water).  Solution  of  carbolic  acid,  8  parts  to  100  of  water 
(4  ounces  of  carbolic  acid  to  a  gallon  of  water). 

For  the  Bodies  of  the  Dead.  — Wrap  in  a  sheet  saturated  with  a  solution 
of  chloride  of  lime,  4  parts  to  100  of  water  (from  ^  to  ^  a  pound  of  the 
chloride  to  a  gallon  of  water),  or  of  bichloride  of  mercury,  1  part  to  500  of 
water  (2  drachms  of  bichloride  of  mercury  to  a  gallon  of  water),  or  of  car- 

*  The  chloride  of  lime  for  this  pnipoee  msj  be  dilated  with  nine  parti  of  plaster  of  Paris, 
or  the  same  proportioii  of  dean,  dry  tand. 
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bottc  acid,  5  parts  to  100  of  water  (6  oances  of  carbolic  acid  to  a  gallon  of 
irater). 

For  the  Sick  Room,  after  tJie  Death  or  Becovery  of  the  PaJtient. — The 
washing  of  sorf aces  with  a  solution  of  bichloride  of  mercury,  1  part  to 
1,000,  or  of  carbolic  acid,  3  parts  to  100  of  water,  and  the  use  of  formal- 
dehyde as  a  gaseous  disinfectant. 

As  it  has  been  conclusively  demonstrated  that  the  fecal  discharges  of  the 
sick  are  the  chief  vehicle  of  communication  in  this  disease,  their  disinfec- 
tion should  be  carefully  and  thoroughly  performed,  and  especially  should 
care  be  taken  as  to  their  disposal,  so  that  no  portion  of  them  can  gain 
access,  either  directly  or  indirectly,  by  surface  drainage,  percolation,  fil- 
tration or  otherwise,  to  any  water  supply. 

If  the  number  of  reported  cases  of  typhoid  fever  is  taken  as  an 
index  of  its  prevalence,  there  is  shown  to  have  been  a  slight  in- 
crease over  those  of  the  previous  year. 

The  following  table  indicates  the  number  of  cases  reported  to  the 
State  Board  of  Health  in  each  week  from  the  whole  State  during  the 
different  weeks  from  Sept.  1,  1897,  to  Dec.  31,  1897,  and  for  a  cor- 
responding period  of  1898.  This  period  is  selected  as  the  period 
of  the  highest  prevalence  of  the  disease,  as  well  as  the  period  which 
was  most  liable  to  have  been  influenced  by  the  return  of  troops  from 
the  south. 

The  number  of  cities  and  towns  which  reported  cases  of  typhoid 
fever  in  these  months  of  1897  was  85,  and  those  in  the  correspond- 
ing months  of  1898  were  95.  There  were,  however,  22  cities  and 
towns  which  appear  in  the  list  for  1897  but  not  in  1898,  and  32  in 
1898  which  do  not  appear  in  the  list  of  1897.  This  fact  is  partly 
due  to  a  marked  improvement  in  the  matter  of  reporting  in  1898, 
and  partly  due,  undoubtedly,  to  the  absence  of  the  disease  in  some 
of  the  smaller  towns. 

The  cities  and  towns  reporting  in  1898,  which  reported  in  that  year 
but  not  in  1897,  contained  about  210,000  inhabitants,  and  those 
which  reported  in  1897  but  not  in  1898  contained  about  75,000,  so 
that  the  reporting  population  of  the  later  year  had  about  135,000 
more  inhabitants  than  that  which  reported  in  1897.     For  the  pur- 
pose of  comparison,  therefore,  only  those  places  are  selected  which 
reported  in  both  years,  the  total  population  being  about  one  and 
three-fourths  millions. 
The  reported  cases  in  these  months  in  1897  were  1,076,  and  for 
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the  corresponding  months  in  1898,  1,134a  The  difference  (58)  is 
but  little  greater  than  may  be  accounted  for  by  the  usual  increase  of 
population  in  one  year. 


Reported  Cases  of  Typhoid  Fever  in  Massachusetts  in  September^  October^  Novem- 
ber and  December^  1897  and  1898^  for  the  nearly  Corresponding  Weeks  in 
those  Months, 


For  the  week  ending  — 

Sept.   4,  1897,        .... 

11,1897,        .       .       .        . 

18,1897,        .        .        .        . 

25,1897 

78 
96 
60 
77 

811 

408 
202 

160 

For  the  week  ending— 
Sept.   3, 1898,       .       .       a       . 
10,1898 

IT,  189a,              aaa. 

24,1898,        .        .        a        . 
Oct.     1,1898 

8,   1898,              .              a              a              • 
15,1898,              .a.a 
22,1898,              a              .              a              . 
29,1898,                a               a                .               a 

Noy.        6,1898,              a              .               a              a 

12,  1898 

19,   1898,              a              a              a              a 

26, 1898,        .... 

Dee.    8,1898,        .       .       .       . 
10,1898,        .        .        .        . 

17,1898,               .                .               a               a 

24,1898 

81,  1898,              aaa. 

Total  for  18  weeka, 

58 
84 
91 
83 

316 

438 
212 

168 

Oct.     2,1897,        .... 

9,1897,              a              .             a             . 

18,1897,        .        a        .        . 
28,1897 

30,  1887,               a             .             .              a 

72 
97 
89 
83 
02 

95 
87 
109 
76 
72 

Nov.    6,1897,        .... 

18,1897 

20,1897,        .        .        a       . 
27,1897,        .        .        .        . 

57 
54 

48 
43 

67 
61 
53 

41 

Dec.    4, 1897,        .... 

11,1897,                  ...                a 

18,1897 

25,1897,        .        .        .        . 
Jan.     1,1898,        .       .        .        . 

84 
40 
82 
26 
28 

25 
46 
36 
56 

6 

•                 • 

a               a 

Total  for  18  weeke. 

1,076 

1,134 

Diphtheria  and  Croup. 

Diphtheria  and  membranous  croup  are  here  considered  as  identi- 
cal. From  this  cause  nearly  60,000  children  have  been  swept  away 
within  the  past  forty  years ;  but  present  indications  appear  to  show 
that  the  introduction  of  better  methods  of  treatment  are  beginning 
to  limit  the  fatality  of  diphtheria  in  a  manner  which  may  justly  be 
compared  with  the  effect  of  vaccination  upon  the  fatality  of  small-pox 
at  a  period  nearly  a  century  earlier,  and  parents  having  families  of 
young  children  now  feel  a  security  against  these  two  diseases  which 
was  unknown  to  former  generations. 

The  following  condensed  statement,  from  a  later  page  in  this 
report  (see  Section  H.,  of  the  Statistical  Summaries),  illustrates  the 
changes  which  have  taken  place  since  the  general  introduction  of 
the  use  of  antitoxin,  and  of  more  systematic  methods  of  diagnosis 
and  disease  notification  :  — 
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Pre-antiioxin  Period.  — 1891-94  (Four  Years), 

Reported  cases, 18,832 

Deaths  in  the  same  town, 8,768 

Fatality  (per  cent.),     .........  28.8 

ArUitoxin  Period.  — 1895-96  (Four  Tears). 

Reported  cas(»s, 28,740 

Deaths, 4,446 

Fatality, 15.6 

Consumption. 

The  classification  of  diseases  which  was  conventionally  adopted 
by  the  medical  profession  of  Massachusetts  nearly  a  half-century 
ago  was  that  which  was  drawn  up  by  Dr.  William  Farr,  and  pre- 
sented at  a  statistical  congress  which  met  in  Paris  in  1855.  But, 
while  the  classification  as  employed  in  England,  where  it  originated, 
has  undergone  careful  revision  every  ten  years,  and  appears  in  the 
report  of  the  Royal  College  of  Physicians,  that  of  Massachusetts 
has  never  been  carefully  revised,  and  is  now  entirely  out  of  date, 
and  not  in  accord  with  the  progress  of  medicine.  The  almost 
meaningless  term  '' zymotic  "is  still  retained;  and  under  the  term 
*' constitutional,"  which  also  has  little  significance,  the  diseases 
known  as  **  tubercular"  are  still  retained. 

Tuberculosis  or  consumption  is  a  disease  regarding  which  so  much 
has  been  learned,  both  by  observation  and  by  experiment,  during 
the  past  quarter  of  a  century  or  more,*  as  to  make  it  a  necessity  to 
transfer  it  to  the  group  of  diseases  known  as  ^'  infectious." 

One  of  the  most  noticeable  points  in  regard  to  this  disease,  not 
only  in  Massachusetts  but  almost  everywhere,  where  records  are 
kept,  is  its  steady  and  uniform  decrease  from  year  to  year. 

In  the  annual  report  of  the  Board  for  1896,  page  787,  a  table  was 

presented  showing  steady  diminution  in  the  relative  incidence  of  this 

disease  upon  the  population,  from  a  death-rate  of  4,272  per  million 

in  1853  to  2,194  in  1895,  while  the  records  of  1896  and  1897  and 

the  partial  returns  which  have  already  been  received  for  1898  indi- 


*  Dr.  H.  I.  Bowditcb,  the  flnt  chairman  of  the  State  Board  of  Health,  expressed  his  belief  in 
the  inleetUHU  efaaracter  of  consnmptlon  as  early  as  1864,  and  still  more  deddedlj  in  1869. 
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cate  a  still  further  decrease.  The  causes  of  this  remarkable  change 
are  undoubtedly  of  a  similar  character  with  those  which  have  affected 
nearly  the  entire  class  of  infectious  or  preventable  diseases ;  namely, 
a  better  knowledge  on  the  part  of  the  people  of  the  art  of  prolong* 
ing  life,  a  growing  appreciation  of  the  value  of  sanitary  measures, 
as  shown  in  the  better  organization  and  equipment  of  local  health 
authorities,  and  the  more  vigorous  enforcement  of  those  measures 
which  are  essential  to  success  in  the  campaign  against  infectious 
diseases. 

Another  means  which  has  recently  been  adopted  is  the  establish- 
ment of  a  special  State  hospital  for  the  isolation  and  treatment  of 
persons  afflicted  with  tuberculosis, — a  plan  which  has  already  been 
followed  in  other  States,  and  one  which  has  the  advantage  of  isolat- 
ing the  consumptive  from  the  crowded  populations  in  which  he  has 
been  living,  and  placing  him  under  conditions  where  he  will  have 
better  treatment  than  he  could  have  at  home,  and,  in  addition,  will 
not  constitute  a  danger  to  the  community. 

These  conditions  are  such  as  will  undoubtedly  favor  the  contin- 
uous lessening  of  the  mortality  from  tuberculosis  in  the  future. 

Dysentery. 

Mention  was  made  in  the  report  of  last  year  (page  xvii)  of  the 
reappearance  of  dysentery  during  1896  and  1897.  In  neither  of 
these  years,  however,  did  the  disease  assume  such  destructive  pro- 
portions as  were  experienced  in  the  early  periods  of  registration, 
from  1845  to  1875.  In  the  matter  of  locality,  also,  its  recent  preva- 
lence has  been  extremely  limited,  the  greater  number  of  cities  and 
towns  having  experienced  no  increase  of  the  disease. 

The  only  instance  in  which  the  Board  was  called  upon  to  investi- 
gate its  prevalence  was  at  Leominster,  during  the  winter  of  1897 
and  1898.  The  seasonal  prevalence  was  here  unusual,  the  epidemic, 
if  it  could  properly  be  called  an  epidemic,  having  occurred  in  winter, 
and  not  in  summer,  its  usual  season  of  prevalence.  The  cases 
occurred  chiefly  in  January  and  February,  1898. 

The  early  symptoms  in  most  of  the  cases  resembled  those  of  in- 
fluenza, but  none  of  the  characteristic  bacilli  of  influenza  were  found 
on  examination.  No  common  source  of  the  disease  could  be  found. 
Examinations  of  the  water  and  milk  were  made,  without  avail.  The 
water  supply  of  the  town  is  one  of  more  than  ordinary  purity. 
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The  foUowiog  conclusions  are  from  the  report  of  Dr.  O.  Richard- 
son, T^ho  made  bacteriological  examinations  of  the  excreta  in  severa) 
of  the  cases  of  persons  who  were  ill :  — 

It  is  evident  that  the  haciUtis  Coli  Communis  mast  have  heen  a  predomi- 
nant oiganiam  in  the  intestines  of  the  individuals  attacked  with  this 
*«  epidemic  dysentery/'  as  the  caltares,  with  the  exception  of  a  very  few 
colonies  of  Cocci,  were  pare  caltares  of  this  organism.  The  organism  is 
characterized  by  its  very  rapid  growth  in  houillon,  with  the  formation  of  a 
scorn  over  the  surface  of  the  medium  within  twenty-four  hours,  and  by  its 
motility,  which  is  greater  than  this  organism  usually  possesses.  The  inter- 
esting fact  in  regard  to  the  organism,  however,  is  its  virulency.  Three 
guinea  pigs  were  killed  from  two  doses  of  20  minims  each  and  one  from  a 
dose  of  10  minims  of  pure  bouillon  culture  of  the  organism.  They  all  died 
within  twenty-four  hours  after  inoculation,  from  septicaemia. 

There  were  no  deaths  in  this  epidemic,  so  that  the  direct  connection 
of  this  organism,  as  cause  for  it,  could  not  be  made,  owing  to  lack  of 
autopsies. 

NonriOATiON  or  Infectious  Diseases. 

The  law  requiring  physicians  to  report  cases  of  infectious  diseases 
to  the  local  authorities  was  enacted  in  1827,  but  it  was  practically 
inoperative  until  within  the  past  twenty  years  ;  partly  on  account  of 
its  indefinite  phraseology  and  partly  in  consequence  of  a  general 
indifference  to  the  importance  of  public-health  measures. 

This  law  was  amended  in  1884  by  introducing  the  words  '^  diph- 
theria and  scarlet  fever,''  and  later  by  another  amendment  requiring 
a  written  notice  signed  by  the  attending  physician. 

Still  later  it  was  required  that  the  local  board  of  health  should 
notify  the  State  Board  of  the  occurrence  of  cases  of  disease  danger- 
ous to  the  public  health.  The  summary  of  the  results  of  the  opera- 
tion of  this  law  will  be  found  in  the  Statistical  Summaries,  Sec- 
tion HI. 

The  operation  of  this  law  has  proved  of  much  value,  since  it  has 
given  early  notice  of  the  prevalence  of  epidemics  to  the  State  Board 
and  has  thus  enabled  the  Board  to  trace  the  origin  and  cause  of  such 
epidemics  while  they  were  still  in  progress,  and  in  some  instances  to 
take  measares  which  have  prevented  their  further  spread. 

It  is  difficult  to  estimate  the  exact  degree  of  compliance  with  the 
provisions  of  the  law  requiring  notification  to  be  made.  Local  boards 
of  health  throughout  the  State  began  to  appreciate  the  usefulness  of 
notification  as  early  as  1890  or  1891,  and  subsequent  legislation  has 
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still  further  lent  its  assistance  in  improving  this  important  measure 
for  preventing  the  spread  of  disease. 

Another  condition,  which  has  already  been  alluded  to  in  these 
reports,  is  the  organization  of  an  Association  of  Boards  of  Health, 
which  meets  at  stated  intervals  and  gives  excellent  opportunity  to 
local  health  authorities  to  meet  each  other  to  consider  the  value  of 
sanitary  measures,  and  to  strengthen  each  other  in  the  adoption 
of  new  and  more  efficient  modes  of  combating  the  different  forms 
of  infectious  disease  which  are  constantly  occurring  not  only  in 
densely  settled  communities,  but  also  in  a  more  limited  manner 
in  the  rural  districts. 

The  number  of  notices  of  cases  of  infectious  diseases  received  at 
the  office  of  the  State  Board  of  Health,  in  compliance  with  the  law 
of  1893,  had  increased  from  15,595  in  1894  to  27,925  in  1897.  We 
are  not,  however,  to  understand  that  this  means  a  nearly  twofold 
increase  in  the  prevalence  of  these  diseases  in  the  State,  since  the 
yearly  prevalence  of  certain  diseases  is  extremely  variable.  The 
number  of  cases  of  measles  reported  in  1897,  for  example,  was  more 
than  twice  as  great  as  those  reported  in  1896. 

It  is  also  difficult  to  select  any  single  disease  as  an  index  of  the 
extent  to  which  notification  is  made,  by  a  comparison  of  the  number 
of  notified  cases  with  the  actual  deaths  which  occurred  as  known 
from  the  registration  of  the  cities  and  towns. 

The  recognized  modification  which  has  taken  place  in  the  mor- 
tality from  diphtheria  vitiates  the  calculation  so  far  as  that  disease  is 
concerned,  and  the  irregularity  in  the  annual  death-rate  from  scarlet 
fever  and  especially  from  measles  also  sjmilarly  affects  any  estimate 
in  regard  to  those  diseases. 

Typhoid  fever,  however,  is  a  disease  which  has  presented  a  much 
more  uniform  though  steadily  diminishing  death-rate.  In  order  to 
eliminate  the  effect  of  epidemic  years,  we  have  selected  the  two 
years  1891  and  1892,  and  the  two  years  1896  and  1897  for  com- 
parison. 

The  number  of  reported  cases  of  typhoid  fever  in  the  cities  and 
towns  in  which  notification  was  enforced  in  1891  and  1892  was  4,306. 
The  number  in  such  towns  in  1896  and  1897  was  5,167  (see  page 
629,  twenty-ninth  annual  report,  1897). 

The  number  of  actual  registered  deaths  from  this  cause  in  the 
State  in  1891  and  1892  was  1,648 ;  but  in  1896  and  1897  it  was  only 
1,330.     The  reported  cases  in  1891  and  1892  were,  therefore,  only 
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2.6  times  as  many  as  the  actual  deaths,  while  in  1896  and  1897  they 
were  3.9  times  as  many  (the  ratio  of  4,306  to  1,648,  and  of  5,167 
to  1,330).  But  the  actual  ratio  of  cases  to  deaths  from  the  average 
statement  of  many  observers  is  about  6  to  1 ,  the  fatality  being  about 
15  to  18  per  cent. 

The  ratio  of  3.9  to  2.6  (or  about  60  per  cent,  greater)  may  be 
taken  therefor  approximately  as  the  improvement  in  notification  in 
comparing  the  two  periods  in  question.  But  not  until  this  ratio 
approaches  nearly  to  a  ratio  of  five  or  six  fold  in  the  case  of  typhoid 
fever  can  the  work  of  notification  be  regarded  as  complete. 

Baotebiolooioal  Department. 

The  bacteriological  department  of  the  Board  was  organized  in 
1894  for  the  purpose  of  facilitating  the  study  of  infectious  diseases 
and  for  aiding  local  boards  of  health  in  cities  and  towns  where  the 
maintenance  of  a  laboratory  is  impracticable. 

The  work  of  the  department  has  comprised  several  different  lines 
or  branches :  — 

1.  The  production  of  antitoxin,  which  has  included  the  prepara- 
tion of  12,491  packages  in  the  year  ended  March  31,  1899. 

2.  The  examination  of  1,591  cultures  of  matter  suspected  of 
containing  germs  of  diphtheria. 

3.  The  examination  of  414  specimens  of  material  suspected  of 
containing  the  bacilli  of  tuberculosis. 

4.  The  examination  of  slides  of  blood  of  patients  living  in  mala- 
rial districts. 

5.  Examination  of  blood  of  typhoid  patients. 

6.  Preparation  of  a  considerable  quantity  of  tetanus  antitoxin 
for  use  in  several  cases  scattered  throughout  the  State. 

7.  A  comparative  study  of  the  bacillus  of  tuberculosis  in  man 
and  animals. 

8.  Studies  upon  the  toxin  of  diphtheria. 

By  means  of  the  organization  of  this  department  the  Board  has 
initiated  and  carried  into  effect  a  plan  by  which  every  part  of  the 
State,  from  Berkshire  to  Cape  Cod,  has  been  directly  benefited. 

The  prodaction  of  antitoxin  has  been  continued  throughout  the 
year,  and  it  has  been  distributed  to  every  city  and  town  from  which 
calls  for  this  valuable  therapeutic  agent  have  been  received.     The 
lesseDiDg  of  the  fatality  from  diphtheria  can  be  satisfactorily  ex- 
plained in  no  other  way  than  by  the  extensive  and  thorough  use  of 
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antitoxin,  which  has  been  encouraged  and  promoted  by  its  free  dia- 
tribation.  Fuller  details  upon  this  subject  may  be  found  on  later 
pages  of  the  report. 

The  examinations  which  have  been  made  to  determine  the  char- 
acter of  material  sent  to  the  Board  from  patients  suffering  with 
symptoms  of  diphtheria,  tuberculosis,  malarial  fever  and  other  dis- 
eases have  rendered  substantial  service  to  local  boards  of  health  and 
physicians  throughout  the  State  by  making  the  diagnosis  of  disease 
more  certain,  and  thus  dispelliog  the  doubts  which  often  hinder  the 
efficient  work  of  sanitary  authorities. 

The  Board  has  established  places  of  deposit  in  the  cities  and  large 
towns  for  supplies  of  antitoxin,  culture  tubes  and  sputum  jars  so 
that  they  may  be  obtained  for  immediate  use. 

On  account  of  the  rarity  of  cases  of  tetanus  and  the  consequent 
small  demand  for  tetanus  antitoxin,  no  special  mention  was  made  in 
the  report  of  last  year  of  the  fact  that  the  Board  had  kept  constantly 
on  hand  a  supply  of  serum  for  immediate  use,  and  it  is  doubtful 
whether  the  limited  demand  for  this  serum  would  warrant  the  con- 
tinuance of  its  production. 

In  consequence  of  this  limited  and  irregular  demand  the  distribu- 
tion was  made  direct  from  the  laboratory.  This  serum  should  be 
furnished  only  on  condition  that  full  detailed  reports  of  its  use  are  re- 
turned to  the  Board  as  soon  as  possible.  In  consequence  of  the  great 
variety  of  lesions  which  lead  to  the  occurrence  of  tetanus,  the  varia- 
tions in  the  period  of  incubation  and  in  the  severity  of  the  symptoms, 
it  has  not  been  deemed  best  to  issue  a  formulated  series  of  questions 
but  to  allow  each  observer  to  state  the  case  in  his  own  language. 

Supplies  of  tetanus  serum  have  been  furnished  to  the  Massachu- 
setts General  Hospital  as  follows :  — 

In  April,  1898, 1,000  cubic  cendmeters. 

In  June,  1898, 2,720 

In  July,   1898 800 

In  Sept.,  1898, 900      " 

In  Nov,  1898, 1,000 


tt  (4 
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2b  the  Boston  City  Hospital, 

In  July,  1897, .  860  cable  centimeters. 

In  Aug.,  1897 360 

In  Sept.,  1897, 600 

In  May,    1898 200 

In  June,  1898, 140 

In  Sept ,  1898, 600      " 


u  u 

U  k( 
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To  WdUham  EospUal. 
In  Aug.,  1898, 700  cable  centimeters. 

To  Salem  HospitaL 

In  April,  1898, 200  cubic  centimeters. 

In  Jan.,    1899, 620      «« 


«t 


To  Lowell  HospUcU, 
In  Feb.,  1899, 500  cubic  centimeters. 

To  the  Board  of  Health  of  Marblehead. 
In  Aug.,  1898, .       500  cubic  centimeters. 

To  the  EospUal  Ship  "  Bay  State:' 
In  July,  1898, 1,880  cubic  centimeters. 

To  Private  Physicians  in  Brookline  and  Boston, 
In  July  and  Dec.,  1898, 2,200  cubic  centimeters. 

Applications  having  been  made  from  parties  living  outside  of  the 
State  for  the  products  of  this  laboratory,  it  should  be  stated  that  the 
Board  has  no  authority  to  supply  such  products  to  citizens  of  other 
States. 

Offensive  Tbades. 

Under  the  provisions  of  chapter  80  of  the  Public  Statutes  certain 
noxious  and  offensive  trades  (nlaughter-houses,  rendering  estab- 
lishments or  other  trades  attended  by  <<  noisome  and  offensive 
odors")  are  made  amenable  to  the  action  of  the  court  and  of  the 
State  Board  of  Health.  The  local  board  of  health  has  the  power 
to  assign  places  for  carrying  on  such  business,  or  may  prohibit  the 
exercise  of  such  trades. 

It  is  also  necessary  for  persons  carrying  on  such  trades  to  obtain 
ft  license  from  the  mayor  and  aldermen  or  from  the  selectmen,  and 
Doder  a  recent  law  this  license  must  be  renewed  annually. 

The  State  Board  has  also  jurisdiction  in  such  cases  upon  a  petition 
for  a  hearing,  and  may  *'  order  any  person  to  cease  and  desist  from 
carrying  on  auch  trades"  if  in  its  judgment  the  public  health  or 
comfort  or  convenience  so  require. 

No  petitions  have  been  received  by  the  State  Board  for  its  action 
or  interference  nnder  this  statute  since  1894,  such  cases  having 
usubUy  been  settled  by  the  local  boards  of  health. 


/ 
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Food  and  Dkug  Inspection. 

This  important  department  of  the  work  of  the  Board  has  now  been 
conducted  without  interruption  for  a  period  of  sixteen  years,  and 
when  the  results  of  the  first  and  last  years'  work  are  compared,  a 
decided  improvement  is  apparent  in  the  quality  of  the  food  supply 
of  the  State. 

A  great  loss  was  sustained  during  the  past  year  in  the  death  of 
the  chief  analyst  in  this  department,  Dr.  Charles  P.  Worcester. 

The  work  of  the  Board  during  the  past  year  comprises  the  exami- 
nation o(  10,797  samples  of  food  and  drugs,  of  which  number  6,247 
were  samples  of  milk  obtained  by  the  inspectors  in  different  parts  of 
the  State. 

The  total  number  of  samples  collected  and  examined  since  the 
beginning  of  the  work  under  the  food  and  drug  acts  is  97,950,  of 
which  number  51,198  were  samples  of  milk. 

The  number  of  prosecutions  conducted  during  the  year  ended 
Sept.  30,  1898,  was  64,  of  which  number  62  resulted  in  conviction. 

The  details  of  the  work  of  this  department  may  be  found  at  page 
677. 

Health  op  Towns. 

With  the  exception  of  Rhode  Island,  Massachusetts  is  the  most 
densely  settled  State  in  the  Union,  its  population,  according  to  the 
census  of  1895,  having  an  average  density  of  a  little  more  than  300 
per  square  mile.  It  had,  by  the  same  census,  39  cities  and  towns 
each  having  a  population  of  more  than  10,000,  and  more  than  80  per 
cent,  of  its  population  were  living  in  towns  of  more  than  5,000  in 
each. 

Such  a  degree  of  density  and  the  consequent  aggregation  of  the 
people  in  close  proximity  are  usually  accompanied  with  an  increase 
in  the  existence  of  unsanitary  conditions,  nuisances  and  in  the  preva- 
lence of  infectious  diseases,  unless  great  pains  are  taken  by  the  local 
authorities  to  counteract  these  depressing  conditions  by  the  vigorous 
application  of  sanitary  measures.  It  is  a  matter  of  congi^atulation 
that  the  death-rate  of  Massachusetts  has  not  increased,  notwithstand- 
ing the  fact  that  its  density  of  population  has  doubled  in  the  past 
twenty-five  years.  It  remains  to  be  seen  whether  another  quarter  of  a 
century  of  sanitation  and  another  doubling  of  the  population  will 
find  the  death-rate  the  same  as  at  present. 
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Constant  improvements  in  sanitary  methods  are  being  made,  but 
there  is  abundant  room  for  more.  It  is  desirable  that  local  boards 
of  health  and  the  State  Board  should  work  together  as  far  as  possible 
for  the  common  good.  In  those  cities  and  towns  where  facilities  for 
careful  investigation  are  not  accessible,  the  State  Board  can  supply 
the  means  for  sanitary  investigation,  which  its  well-equipped  labora- 
tories and  experts  furnish.  For  the  purpose,  therefore,  of  facilitat- 
ing the  investigation  of  sanitary  questions  in  cities  and  towns,  and 
of  aiding  the  work  of  local  health  authorities,  the  State  Board  has 
organized  a  new  department  of  health  of  towns  and  of  correspond- 
ence with  local  boards  of  health,  and  has  appointed  Dr.  P.  L.  Morse 
as  its  medical  and  sanitary  inspector,  who  will  have  his  office  at  the 
State  House,  and  under  the  direction  of  the  Board  will  be  ready  to 
assist  the  local  health  officers  of  cities  and  towns  in  making  such  in- 
vestigations as  may  be  necessary,  especially  in  regard  to  the  preven- 
tion of  the  spread  of  infectious  diseases. 


Manual  of  Health  Laws. 

Beginning  with  1882,  the  Board  has  issued  at  intervals  a  compila- 
tion of  statutes  relating  to  public  health  which  had  been  enacted  up 
to  the  date  of  publication. 

At  first  this  compilation  was  issued  about  once  in  four  years,  but 
the  demand  for  it  has  considerably  increased  in  consequence  of  the 
wider  range  of  topics  included  in  its  pages.  Its  chief  use  is  as  a 
manual  for  reference  for  local  boards  of  health  and  other  sanitary 
officials,  but  the  increasing  importance  attached  to  the  legislation 
relative  to  water  supplies,  sj'stems  of  sewerage,  pollution  of  streams, 
food  and  drug  inspection,  the  registration  of  vital  statistics  and  other 
special  sanitary  topics  has  created  a  much  greater  demand  for  the 
manual  than  had  heretofore  existed. 

In  addition  to  the  laws  contained  in  it,  the  manual  also  presents  a 
digest  of  all  the  decisions  of  the  supreme  court  upon  sanitary  ques- 
tions ap  to  the  date  of  its  publication.  It  also  contains  the  regu- 
lations of  the  State  Board  of  Health  in  regard  to  food  and  drug 
inspection,  and  a  digest  of  the  powers  and  duties  of  the  State  Board 
under  the  general  laws  relating  to  health. 

The  edition  of  1897  was  very  soon  exhausted,  and  another  has 
been  issued  containing  the  additional  health  statutes  of  1897  and 
1898.    The  last  editions  have  been  stereotyped. 
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Watek  Supply  and  Sewerage. 

The  operations  of  the  Board  under  the  provisions  of  chapter  375 
of  the  Acts  of  the  year  1888,  entitled  **  An  Act  to  protect  the  purity 
of  inland  waters  and  to  require  consultation  with  the  State  Board  of 
Health  regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage,"  have  increased  considerably  over  those  of 
previous  years,  and  have  formed  a  very  large  share  of  the  official 
work  of  the  Board. 

The  portion  of  the  work  which  comprises  the  advice  of  the  Board 
to  cities  and  towns,  under  the  provisions  of  section  3  of  this  act  and 
under  the  provisions  of  acts  of  the  Legislature  requiring  special 
action  of  the  Board  relative  to  the  approval  of  plans  of  water  supply 
and  sewerage,  together  with  the  action  of  the  Board  upon  various 
petitions  for  the  taking  of  land  for  the  purification  and  disposal  of 
sewage  under  the  provisions  of  the  general  law  of  1890,  chapter  124, 
has  already  been  reported  to  the  Legislature  in  Senate  Document 
No.  4,  and  the  abstracts  of  replies  of  the  Board  are  also  given  in 
this  report,  pages  4-128. 

During  the  year  1898,  75  applications  were  officially  made  to  the 
Board  for  its  advice  under  the  provisions  of  the  act  referred  to,  or 
for  the  approval  of  plans  of  water  supply  and  sewerage,  or  the  taking 
of  land,  making  in  all  583  such  applications  since  the  beginning  of 
this  work  in  1886.  In  connection  with  many  of  these  matters  the 
Board  has  given  public  hearings  in  cases  where  hearings  were  required. 

The  examinations  of  public  water  supplies  and  rivers  have  been 
continued  as  in  former  years,  and  many  samples  of  water  from  the 
sources  of  public  water  supply  in  the  State  and  from  many  of  the 
rivers  have  been  analyzed  at  the  laboratory  of  the  Board  in  the  State 
House.  The  year  1898  was  one  of  extraordinary  rainfall  in  Mas* 
sachusetts,  and  the  effect  of  the  pollution  of  streams  has  not  been  as 
noticeable  as  in  drier  seasons.  The  chemical  analyses  of  the  public 
water  supplies  and  rivers  are  presented  in  the  usual  form,  excepting 
that  in  some  cases,  especially  of  ground  waters  which  changed  but 
little  in  character  during  the  year,  only  an  average  of  the  results  of 
analyses  is  presented.  A  limited  number  of  biological  examinations 
have  also  been  given  in  cases  where  these  analyses  are  of  special 
importance  in  judging  of  the  character  of  a  water. 

The  usual  tables  of  water  supply  statistics  are  given,  showing  the 
number  of  townq  supplied  and  the  quantity  of  water  used  in  cities 
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and  towns  where  the  qaantity  is  measured,  together  with  a  summary 
of  I  he  records  of  rainfall  and  flow  of  streams  which  are  necessary  in 
considering  the  results  that  are  presented  of  analyses  of  water  sup- 
plies and  rivers.  One  of  the  tables  presented  shows  the  population 
of  cities  and  towns  having  public  water  supplies  and  cities  and  towns 
which  are  not  provided  with  such  supplies.  From  an  examination 
of  this  table  it  will  be  seen  that  the  cities  and  towns  which  are  pro- 
vided with  public  water  supplies  contain  over  90  per  cent,  of  the  total 
population  of  the  State ;  and  while  in  many  cases  the  public  water 
supply  is  not  available  to  all  of  the  inhabitants  of  a  city  or  town, 
the  table,  nevertheless,  gives  a  fair  indication  of  how  large  a  pro- 
portion of  the  people  of  the  State  depend  for  their  supply  of  water 
upon  public  water  works. 

The  results  of  the  investigations  carried  on  at  the  Lawrence  Ex- 
periment Station  upon  the  purification  of  sewage  and  various  kinds 
of  manufacturing  wastes,  as  well  as  the  filtration  of  water,  are  pre- 
sented as  usual.  The  continuance  of  these  experiments  has  furnished 
much  new  and  useful  information  upon  the  practicability  of  purify- 
ing sewage  at  rapid  rates  and  with  various  materials,  which  is  of 
value  in  many  sewage-disposal  problems,  where  land  suitable  for  the 
purification  of  sewage  cannot  be  obtained.  A  considerable  portion 
of  the  work  at  the  station  during  the  year  has  consisted  of  the  in- 
vestigation, by  means  of  experiments,  of  proposed  plans  for  the 
purification  of  sewage  and  manufacturing  wastes  concerning  which 
reliable  information  is  not  available. 

Investigations  as  to  lead  poisoning  by  the  use  of  water  drawn 
through  lead  service  pipes  and  the  action  of  water  on  pipes  of  lead  and 
other  metals  have  been  carried  on  through  the  year,  and  in  the  present 
report,  Mr.  H.  W.  Clark,  chemist  of  the  Board,  presents  the  results 
of  these  investigations  and  the  methods  used  in  analyzing  the  water. 

In  several  of  the  cities  and  towns  of  the  State,  some  of  them  con- 
taining a  large  population,  works  for  the  purification  of  sewage  by 
intermittent  filtration  through  beds  of  sand  and  gravel  have  now  been 
in  successful  operation  for  several  years,  and  the  results  of  analyses 
of  sewage  and  effluent  from  these  systems  have  been  presented  in  the 
annual  reports  of  the  Board  from  time  to  time.  During  the  year 
1898  a  much  more  thorough  examination  of  the  various  systems  has 
been  made  than  before,  to  obtain  information  as  to  the  practical 
working  of  these  systems.  The  results  of  these  investigations  are 
presented  by  the  engineer  of  the  Board. 
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Lead  Poisoning. 

Investigations  as  to  the  action  of  water  of  various  public  water 
supplies  upon  pipes  of  lead  and  other  metals  used  in  the  conveyance 
and  distribution  of  water  have  been  continued,  and,  as  already  indi- 
cated, a  description  of  the  results  of  the  investigations   and  the 
methods  of  analysis  used  are  presented  in  a  paper  by  the  chemist  of 
the  Board.     It  has  been  found  that  many  waters,  when  brought  into 
contact  with  lead  services,  as  in  lead  distribution  pipe,  dissolve  lead 
from  the  pipes,  and  the  water  thus  becomes  dangerous  to  those  who 
drink  it.     While  the  quantity  of  lead  dissolved  may  be  small,  and  a 
single  dose  might  not  seriously  harm  the  user  of  the  water,  the  con- 
tinued use  of  water  containing  lead  is  harmful,  because  lead  is  a 
cumulative  poison.     The  exact  amount  of  lead  which  may  be  taken 
into  the  system  without  producing  harm  is  not  definitely  known 
and  may  vary  with  difierent  people,  but  it  is  known  that  the  contin- 
uous use  of  water  containing  quantities  of  lead  as  small  as  .05  of  a 
part  per  100,000,  or  about  ^  of  a  grain  per  gallon,  has  caused  seri- 
ous injury  to  health. 

Attention  has  already  been  called  in  previous  reports  to  the 
occurrence  of  lead  poisoning  in  the  towns  of  Kingston,  Milford 
and  Fairhaven. 

In  addition  to  these  places,  many  cases  of  a  serious  character  have 
been  reported  from  the  city  of  Lowell  among  persons  using  the  city 
water,  and  several  communications  have  been  addressed  to  the 
authorities  of  this  city  with  reference  to  abandoning  the  use  of  lead 
pipes. 

The  Board  is  continuing  its  investigations  upon  this  subject,  and 
hopes  that  any  appearance  of  similar  trouble  in  other  places  may  be 
reported  to  it  without  delay. 

Private  wells,  even  more  than  public  water  supplies,  are  subject 
to  the  same  danger  when  lead  pipe  is  used  for  the  conveyance  of  the 
drinking  water.  Several  instances  of  this  character  have  come  to 
the  notice  of  the  Board  in  the  past  year. 

The  history  of  the  harmful  ieffects  of  lead  pipes  upon  well  waters 
has,  in  this  country,  been  closely  connected  with  the  city  of  Lowell. 

In  the  year  1842  a  special  committee  of  this  city,  appointed  at  the 
instance  of  its  leading  physicians,  made  a  report  upon  the  subject, 
and  the  committee  noted  with  especial  emphasis  the  readiness  with 
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which  the  Lowell  ground  waters  dissolve  lead  in  dangerous  quan- 
tities, and  warned  the  inhabitants  of  the  city  against  the  use  of  lead 
pipes  for  the  conveyance  of  drinking  waters. 

So  far  as  we  know,  this  public  document  of  the  city  of  Lowell  is 
the  earliest,  as  it  is  one  of  the  best,  statements  of  the  peculiar  danger 
from  the  unnecessary  use  of  lead  pipe. 

The  symptoms  of  chronic  lead  poisoning,  such,  for  example,  as 
are  liable  to  ensue  after  the  continuous  use  of  water  containing  small 
quantities  of  lead,  are  as  follows :  — 

The  symptoms  are  usually  slow  in  their  progress.  There  is 
usually  a  rapidly  developing  anaemia,  with  a  consequent  anaemic 
pallor  of  the  skin*  There  is  often  constipation  and  indigestion,  with 
a  feeling  of  depression  at  the  outset.  Then  there  may  be  a  loss 
of  appetite,  an  unquenchable  thirst,  a  constant  unpleasant  metallic 
taste,  and  a  foul  odor  in  the  breath.  The  countenance  becomes  dull 
and  appears  anxious.  There  is  rarely  any  fever  and  the  pulse  is 
usoally  natnral.  The  respiration  is  often  rapid.  There  is  frequently 
abdominal  hardness  and  pain,  the  pain  increasing  as  the  case  pro- 
gresses, colic  being  the  most  common  symptom.  But  little  urine  is 
usually  passed,  and  there  is  dysuria. 

Far  more  commonly,  lead  paralysis  is  manifested.  It  may  occur 
after  a  single  attack  of  chronic  lead  poisoning,  but  is  more  often  the 
result  of  a  series  of  attacks,  and  occasionally  occurs  without  being 
preceded  by  any  attack.  The  upper  extremities,  and  especially  the 
extensor  muscles,  are  most  commonly  attacked,  those  of  the  hand 
and  forearm  first  suffering. 

The  chief  diagnostic  sign  is  the  blue  line  upon  the  gums  at  the  mar- 
gin of  the  teeth.  This  is  due  to  the  formation,  in  the  capillaries  of  the 
gams,  of  sulphide  of  lead.  It  is  not  invariably  present.  The  presence 
of  lead  in  the  urine  constitutes  a  valuable  diagnostic  symptom. 

In  mild  cases  the  prognosis  is  usually  favorable  when  the  exciting 
cause  has  been  removed.  But  in  severe  cases,  and  especially  where 
paralysis  exists  as  a  consequence  of  lead  poisoning,  the  injury  may 
be  permanent,  and  occasionally  proves  fatal. 
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Routine  Work  op  the  Board. 

During  the  year  ending  Sept.  30,  1898,  the  Board  held  meetings 
at  least  once  in  each  month.  Meetings  of  sacb  of  the  standing  com- 
mittees as  were  necessary  for  the  transaction  of  business  were  also 
held  from  time  to  time,  as  well  as  joint  sessions  with  such  other 
boards  or  commissions  as  were  prescribed  by  the  Legislature. 

The  office  of  the  Board  has  been  open  throughout  the  year,  as 
prescribed  by  the  Public  Statutes,  chapter  21,  section  10,*  for  the 
transaction  of  its  authorized  business. 

Advice  has  been  very  frequently  given  at  the  office  and  by  mail 
to  local  boards  and  to  individuals  in  regard  to  sanitary  matters,  and 
many  visits  have  been  made  by  the  secretary,  the  engineers  and 
other  experts  to  cities  and  towns  for  the  purpose  of  making  inyesti- 
gations  and  giving  advice. 

The  bacteriological  work  undertaken  by  the  Board  for  the  benefit 
of  such  communities  in  the  State  as  possessed  no  facilities  for  such 
methods  of  investigation  and  diagnosis,  together  with  the  produc- 
tion and  distribution  of  antitoxin  for  the  treatment  and  prevention 
of  diphtheria,  has  very  materially  increased  the  work  of  the  office, 
which  acts  as  a  general  and  central  station  for  the  distribution  of 
antitoxin  and  of  the  various  culture  tubes,  receptacles  and  other 
means  employed  for  the  diagnosis  of  disease* 

The  work  of  antitoxin  production  especially  had  more  than  doubled 
since  the  previous  year,  as  will  be  seen  by  reference  to  the  report  upon 
antitoxin  production. 

The  statistics  of  mortality  compiled  from  the  weekly  postal-card 
returns  from  the  registering  authorities  of  cities  and  towns  have  been 
published  weekly  during  the  year  in  the  form  of  a  bulletin,  which 
also  contains,  once  in  each  month,  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions  made 
under  the  food  and  drug  acts,  and  other  important  information  rela- 
tive to  the  work  of  this  department.  In  addition  to  these  items  there 
is  also  published  in  the  same  bulletin  a  weekly  report  of  the  number 
of  cases  of  infectious  diseases  reported  by  the  local  boards  to  the 
State  Board  of  Health,  under  the  provisions  of  chapter  302  of  the 
Acts  of  1893. 

*  Office  hours,  0  A.X.  to  5  p.m.  ;  Satordays,  9  a.m.  to  2  p.i[. 
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The  laboratories  for  water  analysis  and  for  food  and  drug  inspec- 
tion are  located  on  the  fifth  floor  of  the  State  House,  the  former  at 
Boom  502  and  the  latter  at  Boom  501,  each  of  which  is  open  during 
the  usual  working  hours. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board :  — 

Statistical  Table  fob  the  Year  ending  Sept.  30,  189S. 

Whole  number  of  samples  of  foods  and  drugs  examined  during  the  year,  10,797 

Samples  of  milk  examined  (included  in  the  foregoing),  ....  6,247 
Whole  number  of  samples  of  food  and  drugs  examined  since  beginning 

of  work  in  1888, 97,690 

Whole  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1883 61,198 

Number  of  prosecutions  against  offenders  during  the  year,     ...  64 

Nomber  of  conyictions  during  the  year, 62 

Amount  of  fines  imposed  during  the  year, 12,060  98 

Number  of  packages  of  antitoxin  Issued  to  cities  and  towns,*  12,491 
Number  of  bacterial  cultures  made  for  the  diagnosis  of  diphtheria  in 

cities  and  towns,* 1,691 

Number  of  examinations  made  for  diagnosis  of  tuberculosis,*  .  .  414 
Number  of  examinations  of  blood  made  for  diagnosis  of  malarial  infec- 
tion,*         132 

Number  of  notices  of  cases  of  infectious  diseases  received  and  recorded 

under  the  provisions  of  chapter  302,  Acts  of  1893,t  ....  14,331 
Number  of  postal  card  returns  of  mortality  for  cities  and  towns  received 

and  recorded,! Ii963 

Number  of  annual  reports  of  cities  and  towns  received  under  the  pro- 

TisioDs  X  of  Acts  of  1894,  chapter  218,t 88 

Force  employed  in  general  work  of  Board  at  central  office.  State  House :  — 

Secretary, 1 

Clerks, 2 

Messenger, 1 


Total, 


4 


Force  employed  at  central  office.  State  House,  Boston,  for  food  and  drug 

inspection,  chemists  and  assistants, 2 

At  Amherst, 1 

Inspectors, 4 


Total, 

*  For  the  year  eoding  March  81, 1899.  f  For  the  calendar  year  1898. 

t  Towns  having  a  population  of  over  6,000  inhabitants  in  each. 
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Force  employed  at  laboratory  (Bussey  Institate)  :  — 

Pathologist, 1 

Assistants, 3 

4 
Under  the  Provisions  op  Chapter  876,  Acts  of  1888. 

Applications  for  advice  from  cities,  towns  and  others :  — 

Relating  to  water  supply, 88 

Relating  to  ice  supply, 6 

Relating  to  sewerage  and  drainage, 22 

Relating  to  pollution  of  streams, 9 

Total. 76 

Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  laboratory,  Room  602,  State  House, 3,468 

Number  of  samples  of  sewage  and  effluent  from  sewage  purification 

works  examined  chemically  at  the  laboratory,  Room  602,  State  House,  626 

Number  of  samples  of  sewage  and  water  examined  chemically  and 

bacterial ly  at  the  Lawrence  Experiment  Station, 2,171 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 610 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 610 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 

Station, 6,770 

Total  number  of  samples  examined, 14,246 

Force  employed  at  central  office :  -^ 

Chief  engineer, 1 

Assistant  engineers, 4 

Stenographers  and  clerks, 2 

Messenger, 1 

—  8 

At  laboratory,  Room  602,  State  House :  — 

Chemists, 1 

Assistant  chemists, 4 

Biologist, 1 

—  6 

At  Lawrence  Experiment  Station :  — 

Chemists, 2 

Bacteriologists, 2 

Other  assistants  and  laborers, 4 

—  8 

Total  ordinary  force  employed  under  chapter  876,  Acts  of  1888,      .  22 

Total  ordinary  force  in  all  departments,    ..•••.  37 
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The  number  of  applications  for  advice  under  the  provisions  of  the 
acts  relating  to  water  supply  and  sewerage,  received  since  July, 
I8869  when  these  acts  first  went  into  operation,  is  a  follows  :  — 


1886,        . 

•          « 

.      8 

1887, 

■ 

.    22 

1888, 

■          < 

.        .    28 

1889, 

1        •          < 

.    88 

1890, 

>        •          < 

.    23 

1891. 

• 

.    63 

1892, 

•        •         • 

.    56 

1898, 

•        ■ 

.    61 

Regomme 

1894, 63 

1896, 62 

1896, 66 

1897, 69 

1898, 76 

Total, 683 


The  following  recommendation  was  made  to  the  Legislature  at 
the  beginning  of  the  session  of  1899  :  — 

The  Board  recommends  the  continuance  of  its  investigations  now  being  car- 
ried on,  as  authorized  by  the  provisions  of  chapter  375  of  the  Acts  of  1888. 

For  this  purpose,  and  to  make  the  necessary  investigations  in  order  to 
advise  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
methods  of  assuring  the  purity  of  intended  or  existing  water  supplies  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  provi- 
Bions  of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the  sum 
of  $30,000  wiU  be  required. 

Expenditures. 

The  expenditures  in  1898  under  the  foregoing  appropriations 
were  as  follows :  — 


General  Eocpendiiurea  8epL  30,  1897,  to  Sept,  30,  1898, 

Salaries. f  6,699  76 

TraTelling  expenses, 628  96 

Stationery 336  48 

Printing 1,186  73 

Books,  subscription  and  binding,      .....  424  64 

AdTcrtising, 24  16 

Express  charges, 192  14 

Eitra  services, 272  77 

Messenger  services, SO  00 

Postage  and  postal  orders, 421  98 

Telephone  and  telegraph  messages,         ....  79  00 

Typewriting  supplies, 7  86 

Special  investigations, 780  89 

AnKmrU  carried  forward, |9,982  83 
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AmoufU  brofight  forward, 99,982  83 

Printing  report  upon  cerebro-spinal  meningitis,      .        .       1,530  29 

Expense  of  collecting  samples  of  water, ....  19  59 

Sundry  office  supplies  and  incidental  expenses,       .        .         220  65 

f  11,753  36 

■ 

EoipendUures  at  Bacteriological  Laboratory. 

Salaries 92,473  84 

Travelling  expenses, 25  52 

Purchase  of  animals, 28  12 

Board  of  horses, 1,255  62 

Food  for  animals, 72  94 

Apparatus,  chemicals  and  laboratory  supplies,        .        .  1,424  52 

Express  charges, 13  35 

Ice, 9  80 

Postage, 1  96 

Stationery 3  95 

Rental  of  telephone, 168  00 

Telegrams, 1  00 

5,478  62 

Total, 917,281  98 


Expenses  under  Chapter  375  of  Acts  of  1888  (^Protection  of  Purity  of  Inland 

Waters)  for  Calendar  Year  1898, 

Salaries,  including  wages  of  laborers  at  Lawrence    Experiment 

Station 924,052  02 

Apparatus  and  materials 2,305  83 

Rent  of  Lawrence  Experiment  Station,        ......  150  00 

Travelling  expenses, 1,617  31 

Express  charges, 877  41 

Use  of  tools  and  office,  Lawrence  Experiment  Station,       .        .        .  216  97 

Books,  stationery  and  drawing  materials, 411  64 

Maps  and  blue  prints, 125  48 

Postage  stamps, 41  00 

Printing 184  44 

Messengers,  telegrams  and  telephone  messages,         ....  17  56 

Total, 929,999  66 


For  Food  and  Drug  Inspection  for  Tear  ending  8epU  30,  1898, 

Salaries  of  analysts 94,595  00 

Salaries  of  inspectors, 4,000  00 

Travelling  expenses  and  purchase  of  samples, 1«838  83 

Apparatus  and  chemicals, 299  48 

Amount  carried  forward, 910,733  31 
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AmourU  brought  forward, 110,738  81 

Printing, 20  84 

Index  cards, 27  50 

Special  inyestigation, 14  94 

Special  services  (milk  case), 10  00 

Extra  services  for  inspection, 164  00 

Services  (cleaning  laboratory), 82  00 

Bottles  and  stoppers, 10  21 

Sundry  small  supplies, 10  88 

Total, 111,062  68 

HENRY  P.  WALCOTT, 
GERARD  C.  TOBEY. 
JAMES  W.  HULL, 
CHARLES  H.  PORTER, 
JULIAN  A.  MEAD. 
HIRAM  F.  MILLS, 
FRANK  W.  DRAPER, 

State  Board  of  Health, 
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Under  the  provisions  of  chapter  375  of  the  Acts  of  1888,  entitled 
"An  Act  to  protect  the  purity  of  inland  waters,  and  to  require  con- 
sultation with  the  State  Board  of  Health  regarding  the  establishment 
of  systems  of  water  supply,  drainage  and  sewerage,"  the  Board  is 
rwiuired 

'*"  from  time  to  time  to  consult  with  and  advise  the  authorities  of  cities  and 
towns,  or  with  corporations,  firms  or  individuals  either  already  having  or 
intending  to  introduce  systems  of  water  supply,  drainage  or  sewerage,  as 
to  the  most  appropriate  source  of  supply,  the  best  practical  method  of 
assuring  the  purity  thereof  or  of  disposing  of  their  drainage  or  sewage, 
having  regard  to  the  present  and  prospective  needs  and  interests  of  other 
cities,  towns,  corporations,  firms  or  individuals  which  may  be  affected 
thereby.  It  shall  also  from  time  to  time  consult  with  and  advise  persons 
or  corporations  engaged  or  intending  to  engage  in  any  manufacturing  or 
other  business,  drainage  or  sewage  from  which  may  tend  to  cause  the  pol- 
lation  of  any  inland  water,  as  to  the  best  practicable  method  of  preventing 
such  pollution  by  the  interception,  disposal  or  purification  of  such  drainage 
or  sewage :  provided^  that  no  person  shall  be  compelled  to  bear  the  ex- 
pense of  such  consultation  or  advice,  or  of  experiments  made-  for  the  pur- 
poses of  this  act.  All  such  authorities,  corporations,  firms  and  individuals 
are  hereby  required  to  give  notice  to  said  Board  of  their  intentions  in  the 
premises,  and  to  submit  for  its  advice  outlines  of  their  proposed  plans  or 
schemes  in  relation  to  water  supply  and  disposal  of  drainage  and  sewage ; 
and  ail  petitions  to  the  Legislature  for  authority  to  introduce  a  system  of 
water  supply,  drainage  or  sewerage  shall  be  accompanied  by  a  copy  of  the 
recommendation  and  advice  of  the  said  Board  thereon." 

During  the  year  1898  the  Board  has  given  its  advice  to  the  follow- 
ing cities,  towns,  corporations  and  individuals  who  have  applied  for 
such  advice  under  the  provisions  of  the  general  act  of  1888,  or  under 
special  acts  relating  to  water  supply  and  sewerage. 

Replies  were  made  during  the  year  to  applications  made  from  the 
following  sources  for  advice  relative  to  water  supply :  Agawam  (Mit- 
tineague),  Arlington  (the  Robbins'  Spring  Water  Company),  Bil- 
lerica  (two  replies),  Cheshire,  Cohasset,  Enfield,  Fairhaven,  Groton, 
Harvard,  Haverhill,  the  Gale  Shoe  Manufacturing  Company  of  Haver- 
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hill,  the  board  of  health  of  Haverhill  with  reference  to  the  Whittier 
wells,  Hingham  (two  replies),  Hudson,  Huntington,  Lawrence, 
Lenox,  the  Lyman  School  for  Boys  (in  Westborough) ,  Lynn, 
Marblehead,  Medford,  Natick,  Needham,  North  Andovor  (two  re- 
plies), Northfield,  Pepperell  (two  replies),  Rowley,  Sheffield,  South 
Hadley,  Wareham,  Weston,  West  Springfield  (four  replies) ,  Whit- 
man, Whitman  (the  Commonwealth'  Shoe  and  Leather  Company), 
Wilmington. 

Replies  were  made  during  the  year  relative  to  sewerage  and  sew- 
age disposal,  in  answer  to  applications  from  the  following  sources  : 
Andover  (two  replies),  Attleborough,  Brockton  Hospital  Company, 
Concord,  Danvers  (trustees  of  the  Lunatic  Hospital),  Gloucester, 
Hatfield,  Hingham,  Holyoke,  Lee,  Leicester,  Lexington,  Long- 
meadow  (two  replies) ,  Ludlow,  Marlborough,  the  Metropolitan  Sew- 
erage Commission,  the  Metropolitan  Water  Board  (relative  to  the 
sewage  disposal  of  Clinton),  Northampton,  Southbridge,  Springfield 
(two  replies) ,  Wakefield  (two  replies)  and  Wales. 

Replies  were  also  made  to  the  authorities  of  certain  cities  and 
towns,  relative  to  the  pollution  of  ponds,  streams  and  other  bodies 
of  water,  as  follows :  Arlington,  Falmouth,  Middleborough,  North- 
borough,  Rhode  Island  (the  State  Board  of  Health) ,  Westborough, 
Winchester  and  Wobum. 

Replies  were  also  made  to  the  authorities  of  certain  cities  and 
towns  relative  to  ice  supplies,  as  follows :  Acton,  North  Adams 
(two  replies) ,  Holyoke,  Lexington  and  Worcester. 

The  Board  was  requested  to  examine  a  certain  proposed  location 
for  a  public  institution  under  the  provisions  of  chapter  101  of  the 
Acts  of  1886,  section  4 ;  and,  while  this  subject  is  not  embraced 
directly  in  the  provisions  of  chapter  375  of  the  Acts  of  1888,  ques- 
tions of  water  supply  and  sewerage  are  involved  to  such  an  extent 
that  it  is  deemed  proper  to  include  the  matter  in  this  report. 

Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year,  in  reply  to  applications  for  advice  relative  to  water 
supply :  — 

Agawam  (Mittineague) .  An  application  was  received  Sept.  30, 
1898,  for  the  advice  of  the  Board  relative  to  the  proposed  water 
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supply  for  a  portion  of  the  village  of  Mittineague  in  the  town  of 
Agawam,     The  Board  replied  to  this  application  as  follows :  — 

Nov.  4,  1898. 

The  State  Board  of  Health  received  from  you,  on  Sept.  30,  1898,  an 
application  for  advice  with  reference  to  a  proposed  system  of  water  sup- 
ply for  a  portion  of  the  village  of  Mittineague  in  the  town  of  Agawam,  the 
source  of  supply  mentioned  being  a  spring  near  the  southwesterly  side  of 
the  village. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers 
and  has  caused  a  sample  of  the  water  of  the  proposed  source  to  be  analyzed. 
The  results  of  the  analysis  show  that  the  water  is  soft,  nearly  colorless,  and 
of  good  quality  for  the  purposes  of  a  domestic  water  supply,  and  the  source 
is  not  exposed  at  the  present  time  to  danger  of  pollution  by  sewage. 

With  regard  to  the  quantity  of  water  which  the  proposed  source  will 
yield,  the  Board  is  unable  with  its  present  information  to  form  a  definite 
opinion,  but  it  seems  probable  that  it  will  be  sufficient  to  supply  the  number 
of  people  which  you  state  you  propose  to  supply  with  water  from  this  source. 

It  is  important,  in  the  opinion  of  the  Board,  that  surface  water  be  kept- 
out  of  the  spring  or  well  in  which  the  spring  water  is  collected  ;  and,  since 
a  ground  water  such  as  this  will  deteriorate  rapidly  if  exposed  to  light,  it 
is  important  that  the  spring  and  any  distributing  reservoir  or  tank  that  may 
be  used  in  connection  with  the  works  be  covered  so  as  to  exclude  the  light. 

The  Board  is  of  the  opinion  that  the  source  is  a  suitable  and  appropriate 
one  from  which  to  take  water  to  supply  the  domestic  needs  of  the  portion 
of  Mittineague  in  which  it  is  proposed  to  introduce  the  water. 

Arlington  (the  Bobbins'  Spring  Water  Company).  An  appli- 
cation was  received  Oct.  4,  1898,  from  the  Robbins'  Spring  Water 
Company  for  the  advice  of  the  Board  relative  to  the  best  practicable 
metliod  of  protecting  the  purity  of  the  springs  belonging  to  the 
company.     The  Board  replied  to  this  application  as  foUows :  — 

Nov.  4, 1898. 

The  State  Board  of  Health  received  from  you,  on  Oct.  4,  1898,  an  ap- 
plication for  advice  as  to  the  best  practicable  method  of  protecting  the 
purity  of  certain  springs  in  Arlington,  accompanied  by  a  plan  showing 
the  location  of  the  springs  and  their  surroundings.  You  also  state  that 
the  springs  supply  water  to  some  twenty-five  houses  in  Arlington,  and  that 
water  from  the  springs  is  also  sold  from  teams  to  families  in  Arlington, 
Cambridge  and  Boston.  It  appears  that  there  are  seven  springs  in  all,  but 
that  the  water  in  two  of  them  is  not  supplied  or  sold  for  drinking. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers, 
and  samples  of  the  water  from  the  springs  which  are  used  to  supply  water 
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for  drinking  and  other  domestic  purposes  to  be  analyzed.  The  results  of 
these  analyses  show  that  the  water  of  four  of  the  springs  was  of  good  qual- 
ity at  the  time  that  the  examination  was  made,  though  there  was  evidence 
that  some  of  the  water  had  at  some  time  been  polluted  and  subsequently 
thoroughly  purified  in  its  passage  through  the  ground.  The  water  of  the 
remaining  spring,  numbered  4  on  the  plan,  contained  a  small  qaantity  of 
free  ammonia,  contained  a  larger  quantity  of  chlorine  and  nitrates  than  was 
found  in  the  water  of  any  of  the  other  springs,  and  the  hardness  also  was 
somewhat  greater.  The  poorer  quality  of  the  water  from  this  spring  may 
possibly  have  been  partially  due  to  the  manner  of  collecting  the  sample, 
since  there  seems  to  be  no  good  reason  why  the  water  should  not  be  of  as 
good  quality  as  that  of  spring  No.  5,  which  is  located  close  by. 

A  portion  of  the  area  from  which  the  water  of  the  springs  appears  to  be 
derived  is  controlled  by  your  company,  but  other  portions  are  not  so  con- 
trolled ;  and  there  are  already  a  few  dwelling-houses  within  the  apparent 
water-shed  of  the  springs,  and  these  lands  are  liable  to  be  used  for  build- 
ing purposes  before  many  years.  The  region  appears  to  be  building  up 
rapidly;  and,  if  the  number  of  dwelling-houses  in  the  region  above  the 
springs  and  from  which  their  supply  is  derived  increases,  and  sewage  is 
disposed  of  by  discharging  it  into  or  upon  the  ground,  it  is  probable  that 
the  sewage  would  unfavorably  affect  the  quality  of  the  water  of  the  springs, 
and  possibly  render  it  unsafe  for  drinking. 

The  town  is  provided  with  a  sewerage  system,  however ;  and,  if  all  sew- 
age is  removed  from  houses  in  the  territory  in  question  by  discharging  it 
into  the  sewers,  the  danger  of  pollution  of  the  springs  would  be  greatly 
reduced,  especially  if  the  sewers  are  made  tight,  or  are  laid  below  the  level 
of  the  ground  water. 

The  best  method  of  protecting  the  purity  of  the  spring  water  would  be 
for  the  company  to  acquire  control  of  the  land  above  the  springs  within  the 
area  from  which  the  water  of  the  springs  is  apparently  derived,  and  prevent 
its  occupation  for  building ;  and,  if  it  is  feasible  to  do  so,  the  Board  would 
advise  that  the  control  of  the  land  be  secured  by  the  company,  and  that  it 
be  kept  free  from  buildings. 

It  is  important  that  the  springs  be  kept  covered,  so  as  to  exclude  the 
light  and  to  keep  out  such  contamination  as  might  be  thrown  into  them, 
and  surface  water  should  also  be  carefully  excluded. 

BiLLERiCA.  The  water  commissioners  of  Billerica  applied  to  the 
Board,  Dec.  10,  1897,  for  its  advice  under  the  general  act  of  1888, 
chapter  375,  and  the  special  act  of  1897,  relating  to  a  water  supply 
for  the  town.     The  Board  replied  as  follows :  — 

Jan.  27,  1896. 

The  State  Board  of  Health  received  from  you,  on  Dec.  17,  1897,  an 
application  for  the  advice  of  the  Board,  under  the  authority  of  chapter  375 
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of  the  Acts  of  1888  and  chapter  471  of  the  Acts  of  1897,  with  reference  to 
a  proposed  water  supply  for  the  town  of  Billerica,  in  which  you  state  that 
it  is  proposed  to  obtain  a  supply  of  ground  water  from  land  on  the  west 
side  of  the  Concord  River,  known  as  the  Hutchins  Meadow,  by  means  of  a 
large  well,  supplemented  when  necessary  by  tubular  wells,  or  by  the  use 
of  tubular  wells  alone.  You  also  submitted  the  results  of  your  investiga- 
tions of  this  territory  by  means  of  tubular  test  wells,  and  the  results  of 
pumping  tests  made  by  connecting  several  wells  with  a  steam  pump,  and 
pumping  from  them  for  a  period  of  several  days.  During  these  tests  sam- 
ples of  the  water  drawn  from  the  wells  collected  by  you  and  by  agents  of 
the  Board  have  been  analyzed. 

The  first  pumping  test  was  begun  on  November  15  and  continued  until 
November  24,  seven  wells,  numbered  11,  12,  18,  42,  49,  48  and  26,  being 
connected  with  the  pumps.  During  the  whole  of  this  test  the  water  drawn 
appears  to  have  had  a  strong  odor  of  sulphuretted  or  carburetted  hydrogen, 
which,  however,  disappeared  very  quickly  when  the  water  was  exposed  to 
the  air;  and  the  analyses  showed  the  presence  of  iron  in  considerable 
quantity,  a  small  amount  of  which  precipitated  out  of  the  water  on  stand- 
ing. In  view  of  this  condition,  and  the  probability  that  the  quantity  of 
iron  would  increase  with  continued  pumping  of  such  a  quantity  of  water  as 
would  be  necessary  to  supply  the  town  of  Billerica,  the  suggestion  was 
made  that  you  continue  your  investigations,  to  determine  whether  it  was 
feasible  to  obtain  in  this  neighborhood  water  that  was  free  from  iron. 

Subsequently,  on  December  3,  a  second  test  was  begun  by  pumping 
from  a  group  of  seven  wells,  numbered  12  (a),  22,  24,  25,  58,  34  and  52, 
situated  at  the  southerly  side  of  the  meadow,  a  short  distance  south-west  of 
those  first  connected  with  the  pump.  This  test  was  continued  from 
December  3  to  December  11,  water  being  pumped  during  this  period  at 
the  rate  of  about  430,000  gallons  in  twenty-four  hours.  Analyses  of 
samples  of  water  collected  at  frequent  intervals  through  this  test  showed 
that  it  was  soft,  free  from  odor,  nearly  colorless,  and  contained  only  an 
insignificant  amount  of  iron,  and  that  it  was  in  other  respects  of  excellent 
quality  for  the  purposes  of  a  public  water  supply. 

The  wells  from  which  the  last  test  was  made  were  located  as  stated 
above,  at  the  southerly  side  of  the  meadow ;  and,  while  some  of  them  are 
not  far  distant  from  the  wells  used  in  the  previous  test,  which  were  nearly 
all  located  in  the  meadow,  the  quantity  of  iron  present  sbpwed  no  tendency 
to  increase  during  the  test.  It  is  very  desirable,  however,  in  selecting  the 
final  location  of  the  collecting  works,  to  place  them  at  as  great  a  distance 
as  is  feasible  from  the  places  where  the  ground  water  is  found  to  contain 
an  excess  of  Iron. 

The  daily  quantity  of  water  pumped  during  each  of  these  tests  was  much 
in  excess  of  the  quantity  that  is  likely  to  be  needed  for  the  supply  of 
BQierica ;  but,  while  the  tests  have  shown  that  water  could  be  pumped 
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freely  from  the  ground  in  large  quantities  at  this  season  of  the  year,  when 
the  ground  is  full  of  water,  the  yield  is  likely  to  be  much  smaller  in  the 
summer  season,  when  the  water  in  the  river  and  in  the  ground  in  its 
vicinity  is  lower,  and  when  water  is  being  pumped  constantly  for  the  sup- 
ply of  the  town.  Nevertheless,  it  is  probable  that  a  sufficient  supply  of 
good  water  for  Billerica  can  be  obtained  from  the  ground  in  this  locality, 
if  the  works  are  extended  so  as  to  draw  water  from  a  large  area. 

The  tests,  on  the  whole,  indicate  that  a  system  of  collecting  works  in 
this  locality  can  be  so  located  and  arranged  that  a  suitable  water  supply 
for  the  town  of  Billerica  can  be  obtained  at  this  place  ;  and  there  does  not 
appear,  from  your  investigations,  to  be  any  other  available  source  where 
the  conditions  for  obtaining  a  suitable  supply  are  as  favorable,  unless  at  a 
considerably  greater  expense  for  the  works.  Moreover,  if  works  are  con- 
structed here,  and  the  quantity  of  water  shall  be  found  too  small  at  some 
future  time,  it  will  be  practicable,  without  great  cost,  to  increase  the  sup- 
ply by  filtering  the  water  of  the  Concord  River  through  a  filter  prepared 
for  the  purpose,  or,  perhaps,  by  discharging  it  upon  the  gi*ound,  where  the 
material  is  favorable  for  filtration,  in  the  vicinity  of  the  collecting  works. 

The  Board,  therefore,  advises  and  recommends  that  ground  water,  taken 
from  the  ground  at  the  southerly  side  of  the  Hutchins  Meadow,  proposed 
in  your  application,  is  a  suitable  source  of  supply  for  the  town  of  Billerica. 

Billerica.  A  request  was  received,  May  22,  1898,  from  the 
water  commissioners  of  Billerica,  for  the  opinion  of  the  Board  relar 
tive  to  the  use  of  lead  service  pipes  in  connection  with  the  public 
water  supply  of  the  town.  The  Board  replied  to  this  request  as 
follows :  — 

JuNS  7, 1898. 

The  State  Board  of  Health  has  considered  your  request,  contained  in  a 
letter  of  your  engineer  to  the  chief  engineer  of  this  Board,  for  opinion  rela- 
tive to  the  use  of  lead  service  mains  for  the  distribution  of  the  water  from 
tubular  wells  which  it  is  proposed  to  use  for  the  supply  of  Billerica. 

It  is  not  possible  for  the  Board  to  determine,  without  suitable  tests,  the 
probable  effect  that  this  water  would  have  upon  lead  pipes.  Investigations 
in  regard  to  this  matter  are  now  being  made ;  and  while,  in  some  cases, 
certain  waters  do  not  appear  to  dissolve  lead  from  the  pipes,  in  most  cases 
it  is  found  that  lead  is  taken  up  by  the  water  from  such  pipes,  and  it  has 
been  found  in  some  late  investigations  by  the  Board  that  severe  cases  of 
lead  poisoning  have  been  caused  by  the  use  of  water  from  public  water 
supplies  drawn  through  lead  pipes. 

Under  the  circumstances,  the  Board  would  advise  that  you  avoid  the  use 
of  lead  pipe,  either  for  mains  or  services,  in  connection  with  the  proposed 
system  of  water  supply  of  the  town  of  Billerica. 
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Cheshire.  An  application  was  received,  Feb.  7,  1898,  from  the 
Cheshire  Water  Company,  for  the  advice  of  the  Board  relative  to  a 
proposed  additional  water  supply  to  be  taken  from  Kitchen  Brook  in 
that  town.     The  Board  replied  to  this  application  as  follows :  — 

April  7, 1898. 

Tbe  State  Board  of  Health  received  from  you,  on  Feb.  7,  1898,  an  ap- 
plication for  advice  with  reference  to  a  proposed  additional  water  supply 
for  the  town  of  Cheshire,  which  you  propose  to  take  from  Kitchen  Brook, 
also  called  West  Brook,  in  that  town. 

The  Board  has  caused  an  analysis  of  a  sample  of  water  from  this  source 
to  be  made,  and  finds  that  at  the  present  time  it  is  of  good  quality,  its 
quality  being  about  the  same  as  that  of  your  present  source  of  supply, 
which  is  drawn  from  a  tributary  of  Kitchen  Brook  known  as  Thunder 
Brook.  Whether  its  quality  is  materially  different  at  other  seasons  of  the 
year  from  what  it  was  found  to  be  at  the  present  time,  cannot  be  predicted 
with  certainty,  but  it  seems  probable  that  it  will  be  considerably  harder  in 
the  summer  season.  Its  water-shed,  however,  lies  between  the  water-sheds 
of  Bassett  Brook  on  the  north  and  of  Thunder  Brook  on  the  south ;  and  the 
results  of  analyses  of  samples  of  water  from  these  sources,  taken  at  regular 
intervals  throogh  two  years,  show  that,  while  the  water  becomes  consider- 
ably harder  in  the  snmmer  season  than  it  is  in  the  early  spring,  the  hard- 
ness has  not  been  excessive,  and  it  is  reasonable  to  expect  that  the  quality 
of  the  water  at  Kitchen  Brook  will  not  differ  materially  in  this  respect  from 
that  of  the  other  sources  mentioned. 

The  water^shed  of  Kitchen  Brook,  at  the  point  at  which  water  would 
naturally  be  taken  for  the  supply  of  the  town,  is  much  larger  than  that 
of  Thunder  Brook ;  and,  so  far  as  can  be  learned,  its  flow  is  well  main- 
tained in  the  snmmer  season,  so  that  it  is  probable  that  it  will  furnish  an 
ample  additional  supply  for  the  town;  and,  owing  to  its  situation  with 
respect  to  your  present  source,  it  is  the  most  economical  source  from  which 
an  additional  water  supply  can  be  obtained. 

It  has  not  been  feasible  for  the  Board  to  have  a  thorough  examination 
made  at  this  season  of  the  year  of  the  water-shed  of  the  brook,  with  ref- 
erence to  danger  of  pollution  of  the  water  from  dwelling-houses  thereon ; 
bat  a  further  examination  will  be  made  at  a  later  date,  and  the  Board  will 
adviae  you  with  reference  to  precautions  that  may  be  necessary  to  avoid 
danger  of  poUation  of  this  source. 

CoHASSEfT.  An  application  was  received,  March  21,  1898,  from 
the  Cohasset  Water  Company,  for  the  advice  of  the  Board  with  ref- 
erence to  a  proposed  additional  source  of  water  supply  for  that  town, 
to  be  taken  from  wells  in  the  EUms  Meadow  in  that  town.  The 
Board  replied  to  this  application  as  follows :  — 
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JtTLT  7, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  21,  1898,  an 
application  for  advice  with  reference  to  a  proposed  source  of  water  supply 
for  the  town  of  Cohasset,  to  be  taken  from  tubular  wells  in  the  Ellms 
Meadow,  so  called,  in  that  town,  and  has  caused  the  locality  to  be  exam- 
ined by  its  engineer  and  samples  of  the  water  of  the  wells  to  be  analyzed. 

Since  the  application  was  received,  a  pumping  plant  has  been  installed 
and  water  has  been  pumped  from  a  group  of  seven  tubular  wells  in  this 
meadow  for  periods  of  a  few  days  at  a  time,  at  a  rate  nearly  sufficient  for 
the  supply  of  the  town. 

The  results  of  analyses  of  samples  of  the  water  from  the  wells  show  that 
at  the  present  time  it  is  clear,  nearly  colorless,  and  otherwise  of  good  qual- 
ity for  the  purposes  of  a  public  water  supply,  and  is  of  better  quality  than 
the  water  of  your  present  sources,  in  that  it  is  much  softer  and  is  free  from 
an  excessive  amount  of  iron. 

With  regard  to  the  quantity  of  water  which  the  proposed  source  will  fur- 
nish, it  may  be  said  that,  while  the  yield  for  the  short  periods  during  which 
the  pump  has  thus  far  been  operated  has  been  nearly  sufficient  for  the  supply 
of  the  town,  it  is  probable  that  with  continued  pumping  in  a  very  dry  year 
the  yield  will  be  considerably  smaller  than  it  is  at  present.  Nevertheless, 
this  soui*ce  will  probably  form  a  material  addition  to  the  supply  of  the  town. 

The  proposed  new  source  is  located  much  nearer  the  thickly  settled  por- 
tion of  the  town  than  is  desirable,  and  the  water  may  detesiorate  when  a 
large  quantity  is  pumped  continuously  from  the  ground ;  but,  in  view  of 
the  need  of  an  additional  source  of  supply  and  the  difficulty  of  obtaining 
a  suitable  additional  supply  in  the  vicinity  of  the  town,  the  Board  believes 
that  it  is  advisable,  under  the  circumstances,  to  use  all  of  the  water  that 
the  proposed  source  will  yield,  while  its  quality  remains  satisfactory,  and 
advises  you  to  cause  the  water  to  be  analyzed  from  time  to  time,  in  order 
to  detect  any  deterioration  in  its  quality  which  would  render  it  unsuitable 
for  domestic  use. 

Enfield.  An  application  was  received,  March  4, 1898,  from  the 
comniittee  on  water  supply  of  the  town  of  Enfield,  for  the  advice 
of  the  Board  with  reference  to  the  taking  of  certain  springs  in  that 
town  as  sources  of  water  supply.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

APHtL  7, 1896. 

The  State  Board  of  Health  has  considered  your  application  relative  to  a 
proposed  water  supply  for  the  town  of  Enfield,  to  be  taken  from  springs 
on  the  Randall  and  Shearer  farms,  and  has  caused  an  examination  of  the 
locality  to  be  made  by  its  engineer  and  samples  of  water  to  be  analyzed. 
It  appears  that  the  town  at  present  owns  a  spring  upon  the  Randall  farm, 
from  which  water  is  drawn  for  the  supply  of  a  drinking  fountain,  hotel  and 
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two  hoQBes  in  the  village,  and  that  it  is  proposed  to  use  this  spring  as  the 
source  of  supply,  and  increase  its  capacity  by  diverting  into  it  the  water 
of  a  small  spring  in  the  southwest  corner  of  the  Shearer  pasture. 

Samples  of  the  water  of  both  these  springs  have  been  analyzed,  and  the 
results  show  that  the  water  is  nearly  colorless,  very  soft,  and  otherwise  of 
excellent  quality  for  the  purposes  of  a  public  water  supply ;  and  there  is 
no  reason  to  expect  that,  if  the  water  is  kept  from  exposure  to  light,  its 
quality  will  differ  materially  at  other  seasons  of  the  year  from  what  it  is 
found  to  be  at  the  present  time.    The  water-shed  of  these  springs,  how- 
ever, is  so  small  that  it  is  not  probable  that  enough  water  could  be  obtained 
from  them  for  the  supply  of  the  town  of  Enfield,  should  water  be  generally 
introduced  in  both  villages,  or  even  in  the  main  village  only.     The  Board, 
therefore,  does  not  advise  the  construction  of  works  for  taking  a  supply 
of  water  for  the  town  from  these  springs,  but  would  advise  that  the  matter 
be  given  further  consideration,  and  a  source  of  supply  secured  that  will  not 
only  furnish  a  water  of  good  quality,  but  also  of  ample  quantity  to  provide 
for  the  needs  of  the  town. 

In  this  connection  the  Board  has  caused  analyses  to  be  made  of  samples 
of  water  from  several  other  sources  that  appear  to  have  been  under  con- 
sideration in  the  past,  and  finds  that  water  of  good  quality  can  probably 
be  obtained  from  Wood*s  Springs,  so  called,  Thurston's  Brook,  or  the 
brook  flowing  from  Quabin  Hill.  There  are  indications  that  either  of  the 
lint  two  sources  mentioned  might  be  developed  so  as  to  furnish  a  sufficient 
Bupply  of  good  water  for  the  town ;  but  there  is  much  doubt  as  to  whether 
the  last-mentioned  source  —  the  brook  flowing  from  Quabin  Hill  —  could 
be  made  to  yield  a  sufficient  supply. 

The  Board  will  be  pleased  to  furnish  you  with  information  collected  by 
its  engineer  with  reference  to  possible  sources  of  water  supply  for  the  town, 
sod  will  give  yon  further  advice  in  this  matter  when  you  have  any  further 
plaos  to  present. 

Faibhaven.  In  the  last  report  of  the  State  Board  of  Health 
(29th  annual  report,  1897,  p.  10)  reference  is  made  to  the  action 
of  the  Board  in  relation  to  the  action  of  the  water  of  the  Fairhaven 
water  supply  upon  lead  pipes.  Further  examinations  in  the  same 
direction  were  made  by  the  Board  during  the  past  year,  and  the 
results  of  the  investigation  were  communicated  to  the  board  of 
health  of  Fairhaven,  as  follows :  — 

JvNB  20, 189S. 

The  State  Board  of  Health  has  made  further  examinations  of  water  drawn 
from  faucets  in  several  houses  in  the  town  of  Fairhaven  which  had  not  pre- 
TiottsJy  been  examined,  and  found  an  excessive  quantity  of  lead  in  nearly 
all  cases.    One  of  the  houses  from  which  samples  were  collected  was  that 
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of  J.  G.  Marray,  located  on  Green  Street  extension^  one  of  the  occupants 
of  which  is  said  to  have  recently  been  ill  from  lead  poisoning.  The  sample 
of  water  from  this  house  contained  an  excessive  quantity  of  lead.  The 
Board  would  suggest  that  you  bring  this  matter  to  the  attention  of  the 
persons  who  occupy  the  house  referred  to. 

The  best  means  of  preventing  danger  to  health  from  this  cause  is  to  re- 
move the  lead  pipe,  at  least  that  portion  of  it  through  which  water  is  drawn 
for  drinking  and  cooking,  and  to  replace  it  with  pipe  made  of  material  which 
does  not  contain  lead. 

The  recent  examinations  by  the  Board,  like  those  made  previously,  show 
that  the  Fairhaven  water  continues  to  dissolve  lai^e  quantities  of  lead  from 
lead  service  pipes,  and  the  use  of  service  pipes  of  this  material  is  causing 
injury  to  the  health  of  the  people  who  use  the  water. 

Groton.  An  application  was  received,  Dec.  30,  1897,  from  the 
Groton  Water  Company,  for  the  approval  by  the  Board  under 
chapter  388  of  the  Acts  of  1897  of  the  taking  of  sources  of  water 
supply  and  lands  in  that  town.  The  Board  replied  to  this  applica^ 
tion  as  follows :  — 

Mat  5,  1888. 

The  State  Board  of  Health  received  from  you,  on  Dec.  80,  1897,  an 
application  requesting  the  approval  by  this  Board  of  the  taking  of  sources 
of  water  supply  and  lands  in  the  town  of  Groton.  Subsequently,  upon 
request  of  the  Board  for  copies  of  plans  and  descriptions  of  the  sources 
of  water  supply  and  lands  taken  by  your  corporation  under  the  authority 
of  chapter  388  of  the  Acts  of  1897,  you  submitted  a  plan  entitled,  ^^  Plan 
of  Land  in  Groton  Mass.,  Taken  by  the  Groton  Water  Company,  Scale  80 
feet  to  the  inch.  Charles  A.  Allen,  Chief  Engineer,  H.  C.  Hovey,  Sur- 
veyor and  Assistant  Engineer.  Surveyed,  April,  1897."  Attached  to 
this  map  was  the  following  communication,  signed  by  H.  C.  Hovey, 
assistant  engineer  and  addressed  to  the  president  of  the  water  com- 
pany :  — 

In  aocoidance  with  your  request  of  Jan.  18, 1898,  for  "  plans  and  a  description 
of  the  sources  of  the  water  supply  and  lands  taken  by  the  Groton  Water  Com- 
pany/^ I  send  you  herewith  a  plan  of  the  land  taken  by  the  Groton  Water  Com- 
pany at  Baddacook  Pond,  which  comprises  all  the  land  taken  by  the  company 
(about  4.7  acres),  that  I  am  aware  of.  The  land  has  no  brook  or  springs  upon 
its  surface. 

The  source  of  supply  is  from  a  well  30  feet  in  diameter  (inside)  and  about  16 
feet  deep  below  the  surface  of  the  surrounding  ground  and  19i  feet  below 
the  finished  top  of  masonry  wall.  The  bottom  of  the  well  is  10  feet  below  the 
surface  of  the  pond,  at  medium  heights  of  water  in  the  pond.  The  centre  of  the 
well  is  about  60  feet  from  the  high- water  line  on  the  shore  of  the  pond,  and  has 
no  connection  by  a  pipe  or  other  way  wi.th  the  pond ;  and  I  have  never  supposed 
that  direct  connection  was  contemplated,  as  the  capacity  of  the  well,  as  indicated 
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by  contmnoDs  pumping  during  construction,  and  measured  by  me  at  that  time 
(by  request  of  Mr.  Allen,  chief  engineer),  was  41,000  gallons  per  hour. 

The  Board  has  caused  an  examination  of  the  source  of  supply  to  be 
made  by  its  engineer  and  has  caused  samples  of  the  water  of  the  well  to 
be  analyzed.  The  water  is  found,  upon  analysis,  to  be  soft,  practically 
colorless,  and  in  other  respects  of  excellent  quality  for  the  purposes  of  a 
public  water  supply.  With  regard  to  the  quantity  of  water  which  the  well 
will  yield,  a  definite  estimate  cannot  be  given ;  but,  in  view  of  the  infor- 
mation as  to  the  yield  of  the  well  up  to  the  present  time,  it  seems  probable 
that  it  will  furnish  a  suflQcient  quantity  of  water  for  the  supply  of  the 
town  of  Groton. 

The  Board  advises  and  recommends  that  this  well  is  a  suitable  source  of 
water  supply  for  domestic  purposes,  and  approves  the  taking  by  the 
Groton  Water  Company  of  the  land,  including  this  source,  shown  upon 
the  plan  submitted  to  this  Board,  Feb.  7,  1898,  entitled  ''Plan  of  Land  in 
Groton,  Mass.,  taken  by  the  Groton  Water  Company.  Scale,  80  feet  to 
the  inch.  Charles  A.  Allen,  Chief  Engineer,  H.  C.  Hovey,  Surveyor  and 
Assistant  Engineer.     Surveyed  April,  1897." 

Hakvard.  An  application  was  received  from  the  board  of  health 
of  Harvard,  Sept.  27,  1898,  for  advice  relative  to  the  quality  of 
the  water  of  a  public  well  in  that  town  used  for  drinking  purposes, 
especially  by  the  pupils  in  one  of  the  public  schools.  The  Board 
caused  the  water  to  be  examined  and  replied  as  follows :  — 

Deo.  2, 1896. 

The  State  Board  of  Health  received  from  you,  on  September  27,  an  ap- 
plication requesting  that  an  examination  be  made  of  the  town  well,  so  called, 
in  Harvard,  which  you  state  is  used  for  public  purposes,  and  especially  by 
the  children  of  your  public  schools. 

The  Board  has  caused  the  well  and  its  surroundings  to  be  examined  by 
one  of  its  engineers,  and  samples  of  the  water  collected  on  October  18  and 
November  7  to  be  analyzed.  The  results  of  these  analyses  show  that  the 
water  has  a  disagreeable  odor,  and  contains  an  excessive  amount  of  organic 
matter  and  iron.  The  quality  of  the  water  appears  to  vary  considerably 
from  time  to  time  ;  and,  since  the  indications  are  that  it  is  in  some  way  pol- 
luted by  sewage,  it  cannot  be  regai-ded  as  a  safe  source  of  drinking  water. 

Under  the  circumstances,  the  Board  advises  that  the  use  of  the  water 
of  this  well  be  prevented. 

Haverhill.  Early  in  the  fall  of  1897  the  attention  of  the  Board 
was  called  by  the  board  of  health  of  Haverhill  to  the  unusual  preva- 
lence of  typhoid  fever  in  that  city,  and  the  State  Board  caused  an 
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investigation  to  be  made,  the  results  of  which  were  embodied  in  the 
following  communication  to  the  Haverhill  board  of  health :  — 

JA.N.  21, 1S96. 

Early  last  fall  yea  called  the  attention  of  this  Board  to  the  presence  of 
an  unusually  large  number  of  cases  of  typhoid  fever  in  the  city  of  Haver- 
hill, and  the  Board  has  since  caused  a  thorough  investigation  to  be  made, 
with  a  view  to  discovering  the  probable  cause  of  the  epidemic.  Investiga- 
tions already  made  by  your  board,  through  Mr.  Bryant,  your  agent,  were 
of  great  assistance  in  locating  the  cases,  and  furnished  a  large  amount  of 
necessary  information  relative  to  the  sources  of  water,  milk  and  ice  sup- 
plies, the  occupation  and  movements  previous  to  illness  of  persons  attacked 
with  the  disease,  and  much  other  information. 

An  examination  of  the  records  of  cases  of  typhoid  fever  in  Haverhill 
for  several  years  past  shows  that  the  disease  has  prevailed  in  an  excessive 
degree  since  about  the  beginning  of  November,  1895.  In  the  months  of 
November  and  December,  1895,  21  cases  of  the  disease  were  reported, 
which  is  three  times  as  many  as  is  usual  in  these  two  months.  Of  these 
21  cases,  it  is  reasonably  certain  that  16  used  Crystal  Lake  water  more  or 
less  regularly.  These  cases  resulted  in  6  deaths  in  December,  which  is  a 
laiger  number  of  deaths  than  occurred  from  this  disea9e  in  any  one  month 
in  the  past  ten  years,  and  six  times  the  average  number  of  deaths  from 
this  disease  in  December. 

The  number  of  cases  during  the  first  five  months  of  1896,  while  not 
numerically  large,  was  about  twice  the  number  of  cases  that  might  have 
been  expected  to  occur  if  the  prevalence  of  this  disease  had  been  no  greater 
than  usual,  and  the  mortality  during  this  period  was  exceedingly  high, 
being  50  per  cent,  of  the  total  number  of  cases.  In  June,  1896,  there  was 
a  sudden  increase,  the  total  number  of  cases  reported  being  32  for  that 
month ;  and  for  the  months  from  July  to  November,  inclusive,  the  number 
ranged  from  11  to  19  per  month.  The  total  number  of  cases  in  six  months 
was  100,  showing  an  excessive  prevalence  of  the  disease ;  while  the  total 
number  of  deaths  was  9,  the  same  as  the  number  of  deaths  in  the  first  five 
months  of  the  year,  when  the  whole  number  of  cases  was  18.  From  Decem- 
ber, 1896,  up  to  and  including  July,  1897,  a  period  of  eight  months,  the 
number  of  cases  ranged  from  8  to  5  per  month,  and  averaged  3.5,  which 
was  about  twice  the  number  which  might  have  been  expected  to  occur  in 
Haverhill  during  this  period  under  usual  conditions.  In  August,  1897,  the 
number  of  cases  reported  rose  to  16,  and  in  September  to  41,  the  greatest 
number  that  had  occurred  in  the  city  in  any  one  month  for  at.  least  ten 
years.  Since  that  time  the  number  of  cases  in  each  month  has  gradually 
decreased,  but  has  remained  much  above  the  number  which  it  is  reasonable 
to  expect  will  occur  in  a  city  of  this  size  when  the  inhabitants  are  exposed 
to  no  extraordinary  source  of  infection.  . 
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For  the  purpose  of  this  investigation,  August  5  was  assumed  as  the  date 
of  the  beginning  of  the  epidemic  of  1897,  because  at  that  time  the  number 
of  cases  of  typhoid  fever  in  the  city  increased  with  much  greater  rapidity 
than  was  usual  at  that  season  of  the  year.  From  that  time  until  Novem- 
ber 12,  85  persons  became  ill  with  typhoid  fever  in  Haverhill.  Of  this 
number  2  cases  were  undoubtedly  imported,  the  persons  returning  to  Haver- 
hill ill  with  typhoid  fever  after  an  extended  absence.  Four  of  the  cases 
were  those  of  persons  engaged  in  attendance  upon  others  who  were  ill  with 
the  disease,  and  it  is  probable  that  they  were  infected  from  the  persons  upon 
whom  they  were  in  attendance.  Of  the  79  remaining  cases,  it  was  found 
that  71,  or  90  per  cent,  of  the  whole  number,  used  Crystal  Lake  water  for 
drinking  purposes  more  or  less  constantly ;  while  the  number  of  cases  in 
which  the  patient  had  not  used  Crystal  Lake  water  is  not  greater  than  usual 
for  districts  containing  a  population  equal  to  that  in  Haverhill  outside  of 
the  Crystal  Lake  district. 

An  investigation  was  also  made  to  determine  whether  it  was  probable 
that  the  presence  of  the  many  cases  of  typhoid  fever  was  due  to  the  milk 
supplies  or  ice  supplies  of  the  city ;  but  many  of  the  patients  used  no  ice 
at  all,  and  the  milk  supply  of  the  various  patients  came  from  so  many 
different  sources,  which  appeared  to  be  entirely  independent  of  each  other, 
that  there  was  no  evidence  that  the  epidemic  was  due  either  to  infected  ice 
or  milk. 

An  examination  was  also  made  of  a  spring  water  which  is  sold  to  a  large 
extent  in  the  city ;  but  there  is  no  evidence  that  this  supply  could  have 
been  contaminated  by  sewage,  and,  moreover,  a  great  many  of  the  cases 
of  typhoid  fever  were  those  of  persons  who  had  used  no  spring  water. 

Examinations  were  also  made  of  various  semi-public  water  supplies  in 
the  city,  taken  for  the  most  part  from  tubular  or  other  wells,  but  in  some 
cases  drawn  from  the  Merrimack  River.  Nearly  all  of  the  well  waters 
were  found  to  be  highly  polluted  by  sewage,  and  there  is  no  question  of 
the  danger  of  drinking  water  directly  from  the  Merrimack  River,  but  it 
could  not  be  determined  that  any  cases  were  due  to  the  use  of  these 
waters. 

The  circumstances  indicate  very  strongly  the  infection  of  the  part  of  the 
water  supply  of  the  city  that  is  drawn  from  Crystal  Lake.  This  lake, 
which  is  one  of  the  main  sapplies  of  the  city  of  Haverhill,  has  an  area  of 
about  145  acres  and  a  drainage  area  of  2.95  square  miles,  exclusive  of  the 
area  of  the  lake,  as  measured  from  the  State  maps.  The  lake  is  divided 
into  two  basins  by  a  natural  bar,  at  a  narrow  place  about  2,000  feet  from 
its  lower  end,  and  the  small  basin  below  this  bar  is  very  shallow.  From 
this  basin  about  800  feet  from  the  outlet  of  the  lake  the  intake  pipe  of  the 
HaverhiU  water  works  begins.  In  very  dry  seasons  the  water  falls  so  low 
in  the  small  basin  that  it  is  necessary  to  pump  water  from  the  main  portion 
of  the  lake  over  the  low  bar  into  this  basin,  in  order  to  obtain  a  sufficient 


16  STATE  BOAED   OF  HEALTH.         [Pub.  Doc. 

Bapply  for  the  city.  A  careful  examination  of  the  water-8hed  of  the  lake, 
however,  shows  at  present  no  actually  existing  case  of  sewage  pollution, 
nor  any  definite  evidence  of  the  cause  which  produced  the  increase  of 
typhoid  fever  in  1895.  It  is  found  that  the  water  in  the  shallow  basin  at 
the  lower  end  of  Crystal  Lake  was  very  low  during  the  latter  part  of  1895, 
and  it  was  necessary  to  pump  water  from  the  main  portion  of  the  lake  into 
the  portion  from  which  the  pipe  line  begins ;  and  it  appears  that,  while  an 
engineer  and  a  fireman  were  employed  here  for  a  period  of  more  than  two 
months,  no  provision  was  made  for  the  disposal  of  excrement  and  other 
wastes  from  this  place,  or  from  camps  along  the  shore  used  at  various 
times,  especially  in  the  summer  season.  During  1896  and  1897  it  does 
not  appear  that  any  pumping  has  been  done  at  the  lake,  but  it  is  probable 
that  the  lake  was  infected  from  the  several  camps  and  places  about  the 
shores  to  which  people  resort  for  fishing,  boating,  etc. ;  and  it  does  not 
appear  that  any  supervision  is  exercised  by  the  city  authorities  over  the 
use  of  the  pond  or  its  shores  by  visitors,  to  protect  it  from  danger  of  pol- 
lution. 

A  careful  investigation  was  also  made  of  the  other  sources  of  water 
supply  of  the  city,  including  Kenoza  Lake,  Lake  Pentucket,  Lake  Salton- 
stall  and  Johnson's  Pond,  the  source  of  supply  of  the  Bradford  district. 
The  result  of  this  investigation  shows  the  existence  of  possible  sources  of 
pollution  on  Kenoza  Lake  and  Johnson's  Pond,  but  the  most  serious  danger 
of  contamination  by  sewage  is  found  in  the  vicinity  of  Lake  Saltonstall. 
It  is  understood,  however,  that  this  lake  has  been  used  to  supply  drinking 
water  on  only  one  or  two  occasions  now  for  nearly  two  years. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  it  is  their 
judgment  that  the  recent  excessive  sickness  and  mortality  from  typhoid 
fever  have  been  due  to  the  pollution  of  the  water  supply,  principally  of 
that  from  Crystal  Lake ;  and  it  becomes  necessary  that  all  possible  sources 
of  pollution  within  the  water-shed  of  Crystal  Lake,  and  of  all  other  sources 
of  public  water  supply  of  the  city,  be  cut  off,  and  that  hereafter  all  access 
to  the  shores  of  the  lakes  and  ponds  from  which  the  supply  of  any  portion 
of  the  city  is  drawn  be  under  the  supervision  and  control  of  a  board  having 
authority  if  necessary  to  exclude  all  persons,  and  that  such  measures  be 
taken  that  the  city  authorities  can  feel  sure  that  all  danger  of  contamina- 
tion from  visitors  or  others  has  been  provided  against. 

The  Board  would  also  call  attention  to  the  poor  quality  of  the  water  of 
several  wells  in  the  city  which  are  accessible,  in  some  of  the  large  manu- 
facturing establishments,  for  drinking.  Nearly  all  of  the  wells  in  the 
thickly  settled  portion  of  the  city  that  have  been  examined  by  the  Board 
have  shown  evidences  of  a  high  degree  of  pollution  by  sewage ;  and  while, 
in  most  cases,  the  water  has  been  subsequently  purified  to  a  considerable 
degree  in  its  passage  through  the  ground,  it  is,  nevertheless,  an  unsafe 
water  for  drinking  purposes.    While  it  may  be  said  that  no  case  of  typhoid 
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fever  in  the  city  in  1897  was  traced  directly  to  the  use  of  water  from  wells 
in  the  densely  populated  part  of  the  city,  it  is  not  improbable  that  injary 
has  been  done  to  the  health  of  those  using  it,  because  these  waters  are  very 
hard,  while  the  water  supply  of  the  city  is  very  soft.  It  is  known  that  the 
use  of  hard  water  by  those  whose  usual  supply  is  soft,  or  vice  versa^  may 
be  productive  of  stomach  and  bowel  disturbances  which  may  render  the 
patient  susceptible  to  other  and  more  serious  forms  of  illness. 

In  the  course  of  the  investigation  it  was  found,  as  already  stated,  that 
Merrimack  River  water,  drawn  from  the  shore  of  the  river  a  short  distance 
below  sewer  outldts,  was  accessible  in  some  of  the  factories  for  drinking. 
The  Merrimack  River  water  from  any  point  in  the  vicinity  of  Haverhill  is 
a  dangerous  water  for  drinking ;  and  the  Board  would  advise  that  you  make 
every  effort  to  prevent  its  being  made  accessible  for  this  purpose,  or  if  it 
18  not  feasible  to  do  this,  that  you  warn  the  people  to  whom  it  may  be 
accessible  of  the  danger  involved  in  its  use. 

Should  yoa  desire  to  examine  the  details  obtained  in  this  investigation, 
they  will  be  shown  to  you  at  this  office. 

HavebhilLi  (the  Gale  Shoe  ManufiEicturing  Company) .  A  request 
was  received,  Jan.  27,  1898,  from  the  Gale  Shoe  Manufacturing 
Company  of  Haverhill,  for  the  opinion  of  the  Board  relative  to  the 
quality  of  the  water  of  a  well  on  the  premises  of  the  company. 
The  Board  replied  to  this  request  as  follows  :  — 

Ma&ch  4, 1898. 

The  State  Board  of  Health  has  caused  an  examination  to  be  made  of  the 
surroundings  of  the  well  referred  to  in  your  communication  of  January  27, 
which  is  used  as  a  source  of  water  supply  for  your  factory,  and  has  caused 
a  sample  of  the  water  to  be  analyzed.  The  results  of  this  analysis,  and 
of  an  analysis  of  a  sample  collected  last  fall,  show  that  the  water  has  been 
greatly  polluted  by  sewage  which  has  not  been  thoroughly  purified  in  the 
passage  of  the  water  through  the  ground,  and  that  its  hardness  is  so  exces- 
sive that  it  would  generally  be  regarded  as  unfit  for  use  in  boilers. 

The  well  is  located  in  a  densely  populated  part  of  the  city,  and,  consid- 
ering its  location  and  the  character  of  the  water,  as  shown  by  the  analyses, 
the  Board  is  of  the  opinion  that  it  is  a  dangerous  water  for  drinking. 

The  Board  is  informed  that  you  have  warned  your  employees  not  to  drink 
the  water,  but  that  it^s  still  accessible  for  drinking ;  and,  in  view  of  the 
circumstances,  the  Board  would  advise  that  you  remove  all  opportunity 
for  obtaining  this  water  for  drinking,  or,  if  this  is  not  practicable,  that 
you  post  notices  warning  those  to  whom  it  is  accessible  of  the  danger  in- 
volved in  its  use. 

Haverhh^l.  An  application  was  received  from  the  board  of 
health  of  Haverhill,  May  10,  1898,  requesting  the  State  Board  of 
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Health  to  examine  the  water  of  certain  wells  used  as  sources 
of  water  supply  at  the  birthplace  of  Whittier  in  Haverhill,  those 
wells  being  largely  used  by  visitors  to  that  place.  The  Board  made 
the  examination  and  repUed'as  follows :  — 

Aro.  6, 1808. 

The  State  Board  of  Health  received  from  you,  on  May  10,  a  communica- 
tion requesting  an  examination  of  certain  wells  on  the  premises  known  as 
'*Whittier's  Birthplace,"  on  the  Amesbury  Road,  Haverhill;  and  in  re- 
sponse to  this  request  the  Board  has  caused  the  locality  to  be  examined 
by  one  of  its  engineers,  and  samples  of  water  froiQ  the  wells  on  the  premises 
to  be  analyzed. 

It  appears  that  in  the  course  of  the  year  the  place  is  visited  by  large 
numbers  of  people,  and  there  are  two  wells  on  the  place  from  which  water 
is  used  by  visitors  for  drinking,  one  of  the  wells  being  located  near  the 
house  and  the  other  on  the  side  of  the  highway  near  the  barn. 

The  water  of  the  well  nearest  the  house,  when  first  analyzed  in  May  last, 
was  found  to  be  nearly  clear,  only  slightly  colored  and  free  from  odor. 
The  quantity  of  organic  matter  was,  however,  considerably  larger  than  is 
found  in  a  good  ground  water.  A  sample  analyzed  in  June  showed  that 
the  water  had  deteriorated  somewhat,  as  compared  with  its  condition  at  the 
previous  time.  The  results  of  an  analysis  of  a  sample  of  the  water  collected 
in  July,  when  apparently  the  quantity  of  water  being  drawn  from  the  well 
was  much  greater  than  in  the  former  months,  shows  a  very  great  increase 
in  the  quantity  of  organic  matter  present  in  the  water,  which  had  also 
become  decidedly  turbid  and  had  an  offensive  odor.  There  is  a  privy  and 
sink  drain  located  in  close  proximity  to  this  well ;  and,  in  view  of  all  the 
circumstances,  the  Board  is  of  the  opinion  that  the  well  is  a  very  danger- 
ous source  from  which  to  take  water  for  drinking,  and  advises  that  further 
use  of  this  water  be  prevented. 

Analyses  of  samples  of  water  from  the  well  at  the  side  of  the  highway 
near  the  bam  show  that  the  water  has  been  considerably  polluted,  prob- 
ably by  drainage  from  the  bam,  and  subsequently  well  purified  in  its 
passage  through  the  ground.  While  the  water  of  this  well,  so  far  as  these 
analyses  show,  may  not  be  unsafe  for  drinking,  a  change  in  the  conditions 
affecting  the  well,  such  as  the  use  of  a  larger  quantity  of  water  from  it 
than  was  being  used  at  about  the  time  these  samples  were  collected,  might 
cause  a  deterioration  in  its  quality  such  as  was  observed  in  the  well  near 
the  house. 

Under  the  circumstances,  the  Board  is  of  the  opinion  that  it  is  very  de- 
sirable that  a  new  and  safe  source  of  drinking  water  supply  be  provided 
for  the  use  of  visitors  at  this  place,  so  that  the  use  of  the  well  near  the 
bam  may  also  be  discontinued. 
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HiNGHAM.  An  application  was  received,  Jan.  11,  1898,  from 
the  water  board  of  Hingham,  relative  to  the  question  of  impro\ing 
the  water  of  Accord  Pond,  which  is  subject  at  times  to  a  disagree- 
able taste  and  odor.  A  request  was  also  made  for  an  examination 
of  the  pond  and  its  surroundings,  to  determine  whether  anything 
could  be  done  to  prevent  a  recurrence  of  the  same  trouble  in  the 
future.    The  Board  replied  as  follows :  — 

March  4,  1898. 

The  State  Board  of  Health  received  from  you,  on  Jan:  11,  1898,  an  ap- 
plication for  advice  as  to  whether  there  is  any  means  of  improving  the 
quality  of  the  water  in  Accord  Pond,  which  you  state  is  causing  serious 
annoyance  to  the  users  of  the  water,  owing  to  the  disagreeable  taste  and 
odor  due  to  the  organism  Urogletia.  You  also  request  that  a  thorough  ex- 
amination be  made  of  the  pond  and  surroundings,  to  determine  what,  if 
anything,  can  be  done  to  prevent  a  recurrence  of  the  same  trouble  in  the 
future. 

The  Board  has  carefully  considered  your  application,  and  has  caused  an 
examination  of  the  pond  and  its  surroundings  to  be  made  by  its  engineer 
and  samples  of  the  water  to  be  analyzed. 

So  far  as  oar  observations  of  this  organism  have  shown,  it  is  usually  pres- 
ent only  in  the  colder  months  of  the  year,  between  October  or  November 
and  April  or  May,  though  it  is  sometimes  found  in  June  and  late  in  Septem- 
ber, but  only  in  very  small  numbers.  In  some  ponds  and  reservoirs  in 
which  its  presence  has  been  observed  it  has  returned  in  each  winter  season 
for  several  years  consecutively,  though  it  appears  to  be  present  in  smaller 
nambers  and  to  affect  the  character  of  the  water  less  seriously  in  some 
years  than  in  others,  while  in  other  ponds  it  is  present  only  at  intervals  of 
several  years. 

The  water  of  Accord  Pond  has  now  been  used  for  the  supply  of  Hing- 
ham for  nearly  eighteen  years,  and  the  quality  of  the  water  appears  to 
bare  been  objectionable  on  account  of  a  bad  taste  and  odor  in  several 
years  since  it  was  first  used,  the  most  serious  complaints,  hitherto,  oc- 
curring in  the  latter  part  of  the  spring  or  early  in  the  summer.  The  cause 
of  complaint  as  to  the  quality  of  the  water  in  June,  1894,  was  the  subject  of 
investigation  by  this  Board,  at  your  request ;  and  the  results  of  the  inves- 
tigation made  at  that  time  showed  that  the  taste  and  odor  of  the  water 
were  due  principally  to  the  presence  of  the  organism  Anabaemi^  which  was 
found  in  great  abundance,  either  distributed  through  the  water  of  the  pond 
or  floating  upon  the  surface  as  green  scum.  It  is  probable  that  the  oc- 
currence of  similar  trouble  in  other  years  was  due  to  the  presence  of  some 
variety  of  microscopical  organism  in  large  numbers. 

The  cause  of  the  presence  and  growth  of  organisms  in  the  water  of 
Accord  Pond  is  not  known ;  but  it  seems  probable  that  the  presence  of 
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mad  and  organic  matter  on  the  bottom  and  sides  of  the  pond,  especially 
the  portions  which  were  flowed  by  raising  the  dam,  and  from  which  the 
soil  and  vegetable  matter  were  not  removed,  may  cause  or  help  to  cause 
the  growth  of  these  organisms. 

With  reference  to  a  possible  method  of  improving  the  quality  of  the 
water  of  this  pond,  with  the  information  at  present  available  the  Board 
can  advise  you  only  in  a  general  way.  It  is  possible  that  the  removal  of 
the  soil  and  organic  matter  from  the  bottom  of  the  pond  to  the  extent  to 
which  it  may  be  removed  when  the  pond  is  drawn  low  would  lessen  the 
amount  and  frequency  of  the  growths  of  organisms  in  this  pond ;  but  it 
may  not  be  practicable  or  desirable  to  reduce  the  level  of  the  water  of  this 
source  for  several  years  to  such  an  extent  or  for  such  a  time  as  to  enable 
you  to  do  this  work.  It  is  possible  that  the  water  of  Accord  Pond  could 
be  effectually  purified  by  filtration  near  the  pond ;  but  such  information  as 
is  available  as  to  the  purification  by  filtration  of  a  water  of  this  sort,  con- 
taining large  numbei-s  of  organisms,  has  not  been  sufiQcient  to  enable  the 
Boaitl  to  advise  you  as  to  the  size  of  filters  that  might  be  required.  More- 
over, owing  to  the  small  amount  of  head  at  present  available  for  supplying 
the  town  by  gravity,  pumping  would  probably  be  necessary;  and  there 
might  be  much  diflSculty  and  expense  in  the  operation  of  filters  in  the 
winter  season,  when  the  trouble  from  the  presence  of  Uroglena  usually 
occurs. 

From  a  general  examination  of  the  land  along  the  shores  of  Accord  Pond, 
near  the  outlet,  it  appears  probable  that  the  soil  is  in  many  places  largely 
composed  of  coarse  sand  or  gravel,  and  the  large  amount  of  leakage  from 
the  pond  in  the  vicinity  of  the  outlet  is  a  further  indication  that  the  soil, 
in  this  vicinity  at  least,  is  porous.  If  this  is  the  case,  it  is  probable  that, 
if  wells  or  filter-galleries  should  be  constructed  along  the  shores  of  the 
pond,  and  water  could  be  drawn  from  them  in  large  quantities,  water  from 
the  pond  would  filter  through  the  soil  in  these  works,  and  a  large  portion, 
if  not  all,  of  the  yield  of  the  pond  might  be  obtained  in  this  way,  as  is 
done  at  several  other  places  in  the  State.  In  this  way  a  water  free  from 
color,  taste  or  odor  would  be  obtained,  if  the  collecting  works  were  placed 
at  such  a  distance  from  the  shore  of  the  pond  that  the  water  T^^ould  become 
thoroughly  purified  in  its  passage  through  the  ground.  Experience  with 
other  works  of  this  sort  has  shown  that,  in  order  to  obtain  satisfactory 
results,  it  is  desirable  to  place  such  works  as  much  as  100  feet  from  the 
shore  of  the  pond. 

Under  the  circumstances,  the  Boaixl  would  advise  that  you  cause  an  in- 
vestigation to  be  made,  to  determine  the  character  of  the  soil  in  the  vicinity 
of  Accord  Pond ;  and,  if  from  these  tests  the  conditions  are  found  to  be  favor- 
able to  obtaining  a  large  quantity  of  water  from  the  ground  near  the  pond, 
the  Board  would  recommend  that  you  make  a  further  test  by  setting  up 
a  temporary  pumping  plant,  and  pumping  from  wells  or  other  works  for 
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such  a  time  as  may  be  necessary  to  determine  the  probable  quantity  of 
water  to  be  obtained  in  this  way,  and  that  you  cause  analyses  to  be  made 
of  samples  of  the  water,  to  obtain  information  as  to  its  quality. 

These  investigations  should  be  made  under  the  direction  of  an  engineer 
of  experience  in  such  matters,  and  the  Board  will  assist  you  by  making  the 
necessary  analyses  of  water,  and  will  give  you  further  advice  in  the  matter 
when  you  have  the  results  of  investigations  to  present. 

HiNGHAM.  A  further  application  was  received  from  the  Hingham 
Water  Company,  May  20,  1898,  for  the  advice  of  the  Board  relative 
to  the  improvement  of  the  water  supply  of  that  town  by  means  of 
a  system  of  wells  in  the  neighborhood  of  Accord  Pond.  The  Board 
replied  to  this  application  as  follows  :  — 

JuLT  7, 1898. 

The  State  Board  of  Health  has  considered  your  application  for  further 
advice  in  r^ard  to  the  improvement  of  the  water  supply  of  the  town  of 
Hingham,  and  has  examined  the  information  received  with  reference  to 
investigations  in  the  vicinity  of  Accord  Pond  by  means  of  tubular  wells. 
Several  samples  of  water  sent  in  by  you  from  these  wells  have  been  analyzed. 
The  results  show,  in  general,  that  the  material  on  the  north-westerly  side 
of  the  outlet  of  the  pond  is  too  fine  to  furnish  any  considerable  yield  of 
water.  The  conditions  for  a  large  yield  of  water  are  much  better  in  the 
immediate  vicinity  of  the  dam,  but  the  test  wells  in  this  vicinity  show  that 
the  water  contains  an  excessive  amount  of  iron  which  would  make  it  ob- 
jectionable for  many  domestic  uses.  At  the  south-easterly  end  of  the  dam, 
and  between  the  gravel  ridge  which  borders  the  shore  of  the  pond  at  this 
place  and  the  cut-off  dam,  so  called,  constructed  on  the  north-westerly  side 
of  this  ridge  to  intercept  the  leakage  from  the  pond,  water  which  was  free 
from  an  excess  of  iron  was  obtained  from  several  test  wells,  but  the  indi- 
cations are  that  the  yield  of  the  wells  would  amount  to  but  a  small  propor- 
tion of  the  y^ield  of  the  pond.  The  results,  as  a  whole,  indicate  that  the 
conditions  are  not  favorable  for  obtaining  a  large  proportion  of  the  yield 
of  Accord  Pond  from  the  ground  in  this  region,  except  by  the  use  of  water 
which  will  contain  such  an  excessive  amount  of  iron  as  to  make  it  objec- 
tionable for  many  purposes.  * 

An  estimate  of  the  probable  yield  of  your  present  sources  of  supply, 
when  compared  with  the  records  of  water  used  in  Hull  and  an  estimate  of 
the  probable  quantity  used  in  Hingham,  indicates  that  the  consumption 
of  water  is  probably  already  in  excess  of  the  capacity  of  your  sources  of 
supply  in  a  dry  period,  and  an  additional  supply  will  soon  be  needed.  More- 
over, it  is  understood  that  greater  pressure  is  desirable  in  the  mains  in  the 
central  portion  of  Hingham. 

In  response  to  a  previous  application  for  advice  with  reference  to  a  pro- 
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posed  additional  water  supply  for  Hingham,  which  it  was  proposed  to  take 
from  Accord  Brook,  the  Board  advised  that,  owing  to  the  swampy  char- 
acter of  this  water,  it  was  of  the  opinion  that  the  water  would  not  be  of 
suitable  quality  for  domestic  use  unless  it  should  be  efficiently  purified. 
The  plan  for  purifying  the  water  which  seemed  likely  to  give  the  most  sat- 
isfactory result  was  by  filtering  it  slowly  through  gravelly  land  in  the  vicinity 
of  Accord  Pond  or  Fulling  Mill  Pond ;  and  the  Board  advised  that  investi- 
gations be  made  to  determine  whether  there  was  high  porous  land  near 
Fulling  Mill  Pond,  or  the  brook  which  feeds  it,  where  filter  beds  might  be 
constructed  to  which  the  water  of  Accord  Brook  might  be  conveyed  by 
gravity,  but  it  is  understood  that  no  such  investigations  have  been  made. 
You  have  found,  however,  that  by  constructing  a  filter  basin  near  the  shore 
of  Fulling  Mill  Pond  a  large  amount  of  filtered  water  can  be  obtained. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  you  take 
into  consideration  the  question  of  increasing  your  sources  of  water  supply 
and  of  improving  the  quality  of  the  present  supply,  by  conveying  the 
water  of  Accord  Brook  to  the  vicinity  of  Fulling  Mill  Pond  and  filtering  it 
there  through  the  natural  gravel  beds,  and  that  you  also  consider  the 
feasibility  of  filtering  the  water  of  Accord  Pond  in  this  vicinity  when  the 
water  is  of  unsatisfactory  quality,  owing  to  the  presence  of  organisms.  It 
will  be  vei7  desirable  to  collect  the  filtered  water  in  covered  conduits  or 
galleries,  where  it  will  be  kept  from  exposure  to  light  and  consequent 
danger  of  deterioration.  It  will  also  be  necessary  to  provide  pumping 
capacity  sufficient  to  supply  all  the  needs  of  both  Hingham  and  Hull  from 
these  sources  whenever  required,  though  water  may  be  taken  directly  from 
Accord  Pond,  as  at  present,  when  its  quality  is  satisfactory.  It  is  desir- 
able, however,  to  use  the  full  capacity  of  Accord  Brook  and  Fulling  Mill 
Pond,  so  as  to  keep  the  water  of  Accord  Pond  for  use  in  the  drier  portion 
of  the  year. 

An  examination  of  the  present  conditions  in  the  vicinity  of  Fulling  Mill 
Pond  indicates  that  a  considerable  quantity  of  ground  water  fiows  from 
the  meadow  on  the  easterly  side  of  the  pond;  and,  if  an  examination 
shows  that  this  water  is  of  good  quality,  it  would  probably  be  of  advan- 
tage to  include  the  collection  of  this  water  with  any  system  of  filtration 
which  may  be  constructed  in  the  vicinity  of  this  i>ond. 

The  Board  will  assist  yon  in  these  investigations  by  making  such 
analyses  of  samples  of  water  as  may  be  necessary,  and  will  again  advise 
you  with  reference  to  the  purification  of  your  water  supply  when  you  have 
the  results  of  further  investigations  to  present. 

Hudson.  An  application  was  received,  Feb.  7,  1898,  from  the 
water  commissioners  of  Hudson,  for  the  advice  of  the  Board  relative 
to  a  proposed  additional  water  supply  for  Hudson.  The  Board  re- 
plied to  this  application  as  follows :  — 
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March  3,  1898. 

The  State  Board  of  Health  received  from  you,  on  Feb.  7,  1898,  an  ap- 
plication for  advice  with  reference  to  a  proposed  additional  water  supply 
for  the  town  of  Hudson,  to  be  obtained  by  diverting  into  Gates  Pond, 
your  present  oarce  of  supply,  the  water  of  Fosgate  Brook,  so  called,  the 
water-shed  of  which  lies  contiguous  to  that  of  Gates  Pond  on  the  north. 

The  application  was  accompanied  by  a  report  and  plans  by  your  engi- 
neer, Mr.  Burton  R.  Felton,  showing  the  location  and  a  profile  of  the  pro- 
posed pipe  line,  about  1,650  feet  in  length,  from  the  brook  to  a  point 
within  the  water-shed  of  the  pond,  where  it  is  proposed  to  discharge  the 
water  into  an  open  channel,  through  which  it  will  flow  into  the  northerly 
end  of  the  pond.  A  topographical  plan  of  the  water-shed  of  Fosgate 
Brook  was  also  sabmitted,  showing  the  location  and  area  of  swamps  within 
the  water-shed  of  Fosgate  Brook.  From  this  plan  it  appears  that  there  is 
an  area  of  about  15  acres  of  swamp  land  on  the  southerly  branch  of  the 
brook,  in  which  the  mud  is  in  several  places  more  than  13  feet  in  depth ; 
and  there  is  also  a  small  swamp  on  the  northerly  branch  of  the  brook, 
having  an  area  of  about  three-quarters  of  an  acre.  A  proposed  method  of 
draining  the  swamps  was  shown  in  this  plan,  but  the  plan  was  subse- 
qaently  modified,  and  a  new  plan  submitted  on  Feb.  23,  1898.  By  this 
plan  it  is  proposed  to  construct  drainage  channels  around  the  larger 
swamp,  to  intercept  water  flowing  toward  the  swamp  and  the  water  of  the 
brook  near  the  upper  end  of  the  swamp,  and  convey  it  to  the  channel  of 
the  brook  below  the  swamp,  in  order  to  prevent  the  water  from  acquiring  a 
high  color  and  an  excessive  amount  of  organic  matter  from  contact  with 
mud  and  vegetable  matter  in  the  swamp,  which,  under  present  conditions, 
makes  the  quality  of  water  of  this  source  very  unsatisfactory. 

It  is  proposed  to  place  the  drainage  channels  about  the  swamp  at  such 
in  elevation  that  swamp  water  will  not  flow  into  them  unless  the  swamp  is 
flooded  to  a  considerable  depth ;  and,  in  order  to  remove  the  water  which 
will  collect  on  the  swamp  and  prevent  it  from  entering  the  proposed  drain- 
age channels  or  finding  its  way  into  Gates  Pond,  it  is  proposed  to  lay  a 
Biz-inch  pipe  from  the  lower  end  of  the  swamp  to  convey  this  water  to  a 
point  of  discharge  in  the  water-shed  of  the  brook  below  the  point  at  which 
it  b  proposed  to  divert  the  water  into  Gates  Pond.  By  this  plan,  the  area 
of  the  water-shed  of  the  brook  above  the  proposed  point  of  diversion  will 
be  reduced  from  125  to  about  108  acres.  In  order  to  drain  the  small  area 
of  swamp  on  the  north  branch  of  the  brook,  it  is  proposed  to  lower  the 
surface  of  the  water  by  deepening  the  channel  of  the  brook  through  the 
swamp  and  below  it. 

The  Board  has  carefully  considered  the  proposed  plan,  and  concludes 
that  it  is  an  appropriate  one  for  increasing  the  water  supply  of  the  town 
of  Hudson ;  and»  if  carried  out  as  proposed,  and  the  entrance  of  water 
which  has  been  standing  in  the  large  swamp  on  the  south  branch  of  the 
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brook  into  Gates  Pond  is  prevented,  the  water  of  Fosgate  Brook  will  not 
be  likely  to  have  an  unfavorable  influence  upon  the  quality  of  the  water  of 
Gates  Pond.  The  diversion  of  the  water  of  this  brook  into  Gates  Pond 
will  increase  materially  the  quantity  of  water  which  this  pond  will  furnish 
to  the  town  of  Hudson,  and  there  appears  to  be  no  other  source  from  which 
a  material  addition  to  the  supply  can  be  obtained  without  pumping. 

It  is  proposed  to  discharge  the  water  of  the  brook  into  the  northerly  end 
of  the  pond,  near  the  outlet  gate-house ;  but  it  may  be  found  desirable  to 
dischai^e  the  water  into  a  portion  of  the  pond  more  remote  from  the  gate- 
house, in  order  that  it  may  derive  benefit  from  longer  storage  in  the  pond. 

Huntington.  The  water  commissioners  of  the  Huntington  fire 
district  applied  to  the  State  Board  of  Health,  Aug.  22,  1898,  for 
its  approval,  under  chapter  344  of  the  Acts  of  1898,  of  plans  for 
a  proposed  system  of  water  supply  for  the  district.  The  Board 
replied  to  this  application  as  follows :  — 

SxpT.  17, 1896. 

The  State  Board  of  Health  received  from  you,  on  Aug.  25,  1898,  a  com- 
munication submitting  your  proposed  plans  for  a  system  of  water  supply 
for  the  Huntington  fire  district,  which  you  describe  in  your  application  as 
follows :  — 

We  propose  to  take  the  waters  of  Cold  Brook,  so  called,  substantially  in  con- 
formity with  a  plan  of  Louis  E.  Hawes,  a  civil  engineer,  accompanjring  a  report 
by  him,  made  April  7,  1898.  The  plan  contemplates  an  intake  reservoir  of  a 
capacity  of  1,250,000  gallons,  situated  at  a  distance  of  about  one  and  one-half 
miles  from  the  center  of  Huntington  Village,  the  dam  to  be  of  rubble  masonry 
and  earth  work,  and  of  suitable  dimensions  to  secure  the  above  capacity.  The 
surface  of  the  ground  flowed  and  for  a  distance  of  25  feet  beyond  the  flowage 
line  is  to  be  cleaned  of  all  trees,  brush,  stumps,  roots,  muck  and  vegetable  matter. 
The  main  conduit  is  to  be  of  ten-inch  pipe  and  the  branches  of  eight,  six  and  four 
inch  pipe,  according  to  the  needs  of  the  locality  to  be  supplied. 

We  also  ask  your  approval  of  plans  showing  proposed  sources  of  supply  and 
methods  of  utilizing  them,  submitted  by  E.  £.  Davis,  Aug.  2, 1898.  These  pro- 
vide for  the  possibility  of  increasing  the  capacity  of  the  present  proposed  source 
by  uniting  the  waters  of  Gold-mine  Brook,  so  called,  with  those  of  Cold  Brook, 
and  the  building  of  a  large  storage  reservoir  on  Cold  Brook.  Not  being  a  part 
of  our  plan  at  the  present  time,  we  have  not  caused  detailed  specifications  for 
their  development  to  be  prepared. 

You  have  also  submitted  a  plan  by  Louis  £.  Hawes,  C.E.,  showing  the 
location  of  the  proposed  intake  reservoir  on  Cold  Brook  and  the  s^^stem  of 
piping  in  the  village ;  and  plans  by  E.  E.  Davis,  C.E.,  showing  details  of 
construction  of  the  proposed  intake  reservoir  and  possible  methods  of  in- 
creasing the  supply,  —  one  by  diverting  the  water  from  Gold-mine  Brook 
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into  Cold  Brook,  and  the  other  by  the  construction  of  a  storage  reservoir 
on  a  tribatary  of  Cold  Brook. 

The  Board  has  carefully  considered  the  proposed  plans,  and  has  caused 
the  proposed  source  of  supply  and  the  sources  and  methods  by  which  it  is 
proposed  to  increase  the  supply  when  necessary  to  be  examined  by  its  en- 
gineers, and  samples  of  the  water  of  these  and  other  sources  to  be  analyzed. 

The  results  of  analyses  of  samples  of  the  water  of  Cold  Brook,  collected 
at  the  point  at  which  it  is  proposed  to  locate  the  intake  reservoir,  indicate 
that  the  water  is  soft,  has  but  little  color,  and  is  otherwise  of  good  quality 
for  the  purposCT  of  a  public  water  supply. 

With  regard  to  the  quantity  of  water  which  this  source  will  furnish  in 
the  drier  portion  of  a  dry  season,  it  is  very  difficult  to  make  an  estimate, 
since  no  records  are  obtainable  of  the  flow  of  the  streams  in  such  a  season. 
So  far  as  can  be  judged  with  present  information,  it  seems  probable  that, 
with  an  intake  reservoir  having  a  capacity  of  1,250,000  gallons,  as  pro- 
posed, the  supply  from  this  stream  will  be  adequate  for  the  needs  of  the 
town  in  an  ordinary  summer,  but  that  the  capacity  of  this  source  will  be 
inadequate  in  a  very  dry  season,  after  the  water  comes  into  general  use. 

Yoar  plans  show  that  it  is  feasible  to  enlarge  the  supply  by  diverting  the 
water  of  Gold-mine  Brook,  at  a  point  where  this  stream  flows  close  to  the 
water-sbed  of  Cold  Brook  and  at  a  higher  level,  into  the  latter  water-shed, 
at  a  comparatively  small  expense,  and  thus  increase  considerably  your  sup- 
ply of  water.  Analyses  of  the  water  of  Gold-mine  Brook  show  that  at  the 
proposed  point  of  diversion  it  has  a  much  higher  color  and  contains  a  much 
greater  amount  of  organic  matter  than  the  water  of  Cold  Brook,  or  even 
of  Gold-mine  Brook  at  a  point  lower  down  stream.  The  color  and  organic 
matter  ar%  doubtless  due  to  contact  of  the  water  with  vegetable  matter  in 
swamps,  and  the  quality  of  the  water  might  possibly  be  improved  by  drain- 
ing the  swamps.  The  water  of  this  brook  would  be  objectionable  for  many 
domestic  uses,  and  the  Board  does  not  advise  the  use  of  water  from  this 
brook  in  its  present  state  for  the  supply  of  Huntington. 

Another  proposed  plan  of  increasing  the  supply  is  by  constructing  a 
storage  reservoir  upon  the  head  waters  of  Cold  Brook.  By  the  construc- 
tion of  this  reservoir  a  laige  increase  to  your  supply  could  be  made,  though 
the  water-shed  of  the  reservoir  will  be  comparatively  small.  No  investi- 
gations appear  to  have  been  made  at  the  site  of  this  reservoir  to  determine 
the  probable  cost  of  constructing  and  preparing  it  in  a  suitable  manner  for 
the  storage  of  water,  but  the  indications  are  that  the  expense  would  be 
huge.  * 

Examinations  made  under  the  direction  of  the  Board  of  other  possible 
Boaroes  in  the  vicinity  indicate  that  it  is  feasible  to  divert  the  waters  of 
Black  Brook  into  the  water-shed  of  Cold  Brook  at  no  very  large  expense, 
and  thus  furnish  an  additional  supply  nearly  as  great  as  would  be  obtained 
if  the  waters  of  Gold-mine  Brook  were  used.    Analyses  of  samples  of  water 
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collected  from  Black  Brook  at  the  point  at  which  it  might  be  diverted  show 
that  the  water  is  of  about  the  same  quality  as  that  of  Cold  Brook,  having 
but  little  color  and  containing  only  a  small  amount  of  organic  matter. 

The  indications  are,  that,  if  the  works  are  constructed  for  supplying  the 
fire  district  from  Cold  Brook,  and  the  supply  should  be  found  to  be  in- 
adequate, it  can  be  increased  without  special  difficulty  by  one  of  several 
methods;  and,  in  view  of  all  the  circumstances,  the  Board  hereby  ap- 
proves the  taking  of  the  waters  from  Cold  Brook  at  the  point  shown  upon 
the  plan  entitled  *'  Huntington  Water  Works.  Proposed  Plan  Showing 
Sources  of  Supply,  Reservoir,  Distribution  Pipes,  Gates  an^Fire  Hydrants, 
1898,"  by  Louis  £.  Hawes,  civil  and  hydraulic  engineer,  Boston,  Mass., 
and  the  water  sources  and  water  rights  connected  therewith  and  pertaining 
thereto ;  but  the  Board  does  not  at  present  approve  the  proposed  plan  of 
increasing  the  supply  by  taking  water  from  Gold-mine  Brook  and  diverting 
it  into  the  water-shed  of  Cold  Brook,  nor  can  it  advise  at  present  that  the 
construction  of  the  proposed  storage  reservoir  on  Cold  Brook  will  be  the 
best  method  of  increasing  the  supply  when  necessary ;  but  advises  that  a 
survey  be  made  to  determine  the  feasibility  of  diverting  the  water  of  Black 
Brook  into  the  water-shed  of  Cold  Brook,  and  the  probable  cost  of  the 
work. 

It  is  very  essential  that  the  intake  reservoir  be  thoroughly  prepared  for 
the  reception  and  storage  of  water  by  removing  all  muck  and  vegetable 
matter  from  its  bottom  as  proposed. 

With  regard  to  the  sizes  of  pipe  to  be  used  in  the  construction  of  the 
works,  the  Board  is  unable  to  advise  you  with  the  limited  information 
presented. 

There  are  located  at  present  upon  the  water-shed  of  Cold  Brook,  near 
its  extreme  upper  limits,  a  very  few  farm-houses.  It  will  be  essential  that 
you  enforce  such  methods  of  disposing  of  sewage  and  other  refuse  matters 
from  these  houses  as  may  be  necessary  to  prevent  danger  of  pollution  of 
your  sources  of  water  supply. 

Lawrence.     An  application  was  received  from  the  water  board' 
of  Lawrence,  March  5,  1898,  for  advice  with  reference  to  increasing 
the  capacity  of  the  Lawrence  city  filter.     The  Board  replied  to  this 
application  as  follows :  — 

Sirr.  19, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  5, 1898,  the  fol- 
lowing request  for  advice  with  reference  to  improving  the  capacity  of  the 
Lawrence  city  filter :  — 

The  LAwrence  water  board  respectftilly  represents  that  the  municipal  filter  does 
not  ftimish  sufficient  water  for  the  demands  upon  our  system. 

We  are  led  to  believe,  from  limited  experiments  showing  the  loss  of  head, 
that  portions  of  the  filter  are  clogged.    We  desire  your  Board  to  advise  us  in 
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regard  to  the  proper  method  to  be  adopted  to  restore  the  filter  to  its  proper  capac- 
itj,  also  to  co-operate  with  us  and  advise  what  further  experiments  may  be  neces- 
saij  to  determine  what  portion  needs,  to  be  renewed. 

The  Board  has  examined  the  available  data  as  to  the  operation  and  man- 
agement of  the  filter  and  the  consumption  of  water  as  furnished  from  the 
records  kept  by  your  Board,  and  has  made  investigations  to  determine  the 
quality  and  condition  of  the  sand  in  the  filter,  and  the  condition  of  the  under- 
drains  as  compared  with  their  condition  when  first  placed  in  the  filter  five 
years  ago.  The  Board  has  also  made  many  experiments  to  determine  the 
cause  of  the  reduced  capacity  of  the  filter  and  the  best  method  of  relief. 

Analyses  of  many  samples  of  sand  collected  from  all  parts  of  the  filter 
show  that,  while  the  effective  size  of  the  sand  is  probably  slightly  finer  than 
when  first  placed  in  the  filter,  on  account  of  silt  carried  by  the  river  water, 
the  increase  in  the  fineness  of  the  sand  is  not  sufficient  to  cause  a  very 
material  redaction  in  the  quantity  of  water  that  would  pass  through  the 
filter. 

A  careful  examination  of  the  height  of  water  in  the  sand  of  the  filter 
while  it  was  being  drained  showed  that,  while  the  portion  nearest  the  pump- 
ing station,  amounting  to  approximately  half  the  area,  for  the  most  part 
drained  down  rapidly,  the  water  in  the  easterly  half  of  the  filter  did  not 
drain  down  i*eadily,  and  in  some  portions  of  it  remained,  after  several  hours 
of  draining,  but  little  below  the  surface  of  the  sand. 

Excavations  were  made  through  the  whole  depth  of  the  sand  and  into 
the  gravel  forming  and  surrounding  the  underdrains.  The  sand  was  found 
to  be  clean  and  unobstructed  throughout  its  full  depth,  and  in  the  portion 
of  the  filter  near  the  pumping  station  the  gravel  under  the  sand  was  found 
where  examined  to  be  in  good  condition,  and  the  water  appeared  to  drain 
freely  through  it.  More  attention  was  given  to  the  easterly  portion  of  the 
filter,  where,  as  has  been  stated,  the  water  did  not  drain  readily  from  it. 
Here,  as  elsewhere,  the  sand  was  found  in  nearly  all  parts  of  it  to  be  clean 
and  nnobstmcted  down  to  the  gravel ;  but  within  the  gravel  and  between 
the  stones  surrounding  the  drain  pipes  and  in  the  joints  of  the  drain  pipes 
was  found  a  deposit  of  gelatinous  iron  mst,  together  with  some  CrenothriXj 
a  phint  which  grows  in  water  containing  iron,  which  deposit  allowed  very 
little  water  to  enter  the  drain  pipes.  This  deposit  was  more  dense  in  the 
middle  and  upper  portion  of  the  layer  of  gravel,  where  air  has  entered  this 
hiyer  from  the  underdrains  when  the  water  in  the  pump  well  has  been  drawn 
below  the  top  of  the  underdrains. 

It  is  evident  from  the  character  of  this  deposit  that  air  is  essential  to  its 
formation ;  and  the  only  way  to  prevent  its  formation  in  the  future  is  to 
ran  the  filter,  as  it  was  intended  to  be  run  from  the  time  of  construction, 
with  the  water  in  the  pump  well  always  above  the  top  of  the  underdrains, 
or  not  below  the  level  of  81  feet  on  the  scale  of  heights. 
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This  portion  of  the  filter  can  be  rendered  efficient  by  excavating  trenches 
10  feet  wide  across  the  filter,  in  line  of  and  over  the  nnderdrains,  removing 
the  gravel  for  this  width,  washing  and  relaying  the  pipes,  and  at  the  same 
time  extending  the  lines  of  four-inch  pipes  a  distance  of  about  50  feet 
from  their  present  terminartion  and  placing  clean  gravel  about  them,  as  it 
was  originally  placed,  adjacent  to  such  pipes ;  then  filling  the  trench  above 
the  gravel  to  a  depth  of  2  feet  with  the  washed  sand  which  you  have  upon 
the  bank,  and  filling  above  this  and  over  the  present  top  of  the  filter  be- 
tween the  nearest  carriers  with  the  remaining  sand  from  the  excavation. 
This  process  should  be  continued  over  so  much  of  the  filter  as  does  not 
allow  the  water  to  drain  from  the  sand  freely,  which  includes  a  large  part 
of  the  easterly  half  of  the  filter  and  a  small  portion  of  the  remainder. 

When  the  filter  was  constructed,  you  were  advised  that  the  whole  sur- 
face should  be  cleaned  once  a  month,  and  that  certain  portions  should  be 
cleaned  oftener  in  times  of  freshets.  Your  records  show  that  the  easterly- 
portion  of  the  filter  has  been  allowed  to  remain  uncleaned  in  the  cold  sea- 
son a  much  longer  time,  even  reaching  a  period  of  four  or  five  months^ 
while  the  poi*tion  nearer  the  pumping  station  has  been  cleaned  moi*e 
frequently.  To  this  fact  is  probacy  due  the  larger  deposit  of  iron  in  the 
gravel  of  the  easterly  portion,  and  the  Board  regards  it  important  that  the 
original  instruction  in  regard  to  cleaning  the  filter  should  be  carried  out  in 
order  to  maintain  its  efficiency.  To  accomplish  this,  it  is,  in  the  opinion 
of  the  Board,  necessary  that  the  filter  be  covered,  to  effectually  prevent  the 
formation  of  ice  upon  its  surface. 

Upon  completing  the  relaying  of  the  nnderdrains  and  upon  restoring  the 
filter  bed  to  its  original  depth,  it  should  hereafter  be  maintained  at  that 
depth;  and,  to  keep  it  in  the  most  efficient  condition  for  purifying  the 
water,  it  should  be  run  intermittently,  as  originally  designed. 

You  have  found  the  filter  delivering  an  abundant  supply  of  water  during 
the  past  four  months,  but  from  this  you  cannot  conclude  that  it  will  con- 
tinue to  do  so,  for  during  the  season  of  the  formation  of  ice  the  sand  will 
allow  only  about  two-thirds  as  much  water  to  pass  through  it  as  in  summer. 
Your  experience  of  last  winter  shows  that  it  is  necessary  to  act  promptly. 

By  entering  upon  the  work  of  covering  the  filter  with  a  roof  to  prevent 
freezing  and  of  removing  the  gravel  clogged  with  iron  without  delay,  it  is 
probable  that  enough  work  can  be  done  before  the  beginning  of  winter  to 
insure  a  sufficient  supply  of  filtered  water  for  the  city. 

Lenox.  A  communication  was  received  from  the  Lenox  Water 
Company,  May  6,  1898,  requesting  that  its  reservoir  be  examined, 
<<  and  such  suggestions  made  as  may  lead  to  an  improvement  of  the 
water  and  the  curing  of  any  defects  in  the  system  of  water  supply 
adopted  by  the  company."  The  Board  replied  to  this  application  as- 
follows :  — 
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June  3,  1898. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  improvement  of  the  quality  of  the  water  supplied 
to  the  town  of  Lenox,  and  has  caused  an  examination  of  the  sources  of 
supply  to  be  made  by  its  engineer  and  has  analyzed  several  samples  of 
water  collected  at  various  times  since  the  early  portion  of  last  November. 

The  results  of  the  analysis  of  a  sample  collected  from  the  storage  reser- 
voir on  Nov.  9,  1897,  show  that  the  water,  while  it  had  only  a  slight  color, 
contained  a  large  amount  of  oi^anic  matter,  the  quantity  of  albuminoid 
ammonia  being  several  times  as  great  as  has  been  found  in  the  samples 
analyzed  since  that  date.  The  microscopical  examination  of  the  sample 
collected  in  November  showed  the  presence  of  a  very  large  number  of 
the  organism  Dinobryan,  which  has  been  known  to  cause  disagreeable 
tastes  and  odors  in  the  water  of  other  reservoirs  when  present  in  lai^e 
numbers.  The  microscopical  examinations  of  the  other  samples  showed  the 
presence  of  very  few  oi^anisms,  and  in  some  cases  none  were  found.  The 
presence  of  microscopic  organisms  in  the  water  of  a  pond  or  reservoir 
affects  the  appearance,  taste  and  odor  of  the  water,  rather  than  its  health- 
folness,  so  far  as  can  be  judged  from  our  present  information. 

An  examination  of  the  bottom  of  the  reservoir  at  the  time  it  was  drawn 
down  recently  showed  the  presence  of  considerable  mud  covered  with  a 
plant  growth,  which  upon  analysis  was  found  to  be  a  variety  of  Algae 
known  as  Chara.  This  organism  is  quite  common  in  the  water  of  ponds 
and  reservoirs,  and  when  present  in  very  large  quantities  may  impart  a 
taste  and  odor  to  the  water.  It  may  also  produce  a  condition  of  the  water 
which  is  favorable  to  the  development  of  microscopic  organisms,  but  it  is 
not  known  to  have  an  unfavorable  effect  on  the  health  of  those  who  may 
drink  the  water. 

The  cause  of  the  growth  of  the  organisms  found  in  the  reservoir  is  not 
definitely  known,  but  it  is  probably  largely  due  to  the  presence  of  mud 
and  vegetable  matter  on  its  bottom ;  and  it  seems  probable  that,  by 
thoroughly  cleaning  the  bottom  and  sides  of  the  reservoir  so  as  to  remove 
all  soil,  mnd  and  vegetable  matter,  leaving  a  clay  or  gravel  bottom  practi- 
cally free  from  organic  matter  in  contact  with  the  water,  the  growths  of 
organisms  coald  be  greatly  reduced  and  perhaps  prevented ;  and  the  Board 
would  advise  that  the  bottom  of  the  reservoir  be  thoroughly  cleaned,  and 
precautions  taken  to  prevent  mud  and  organic  matter  being  washed  into 
the  reservoir  from  the  sides  or  through  the  smaller  streams  which  enter  it. 

There  are  two  houses  with  bams  and  out-buildings  in  such  close  proxim- 
ity to  the  stream  upon  which  the  reservoir  is  situated  that  there  is  some 
danger  of  the  pollution  of  the  reservoir  by  these  places.  It  appears  that  a 
careful  sapervision  of  the  disposal  of  the  drainage  and  other  refuse  from 
these  places  is  exercised  by  the  water  company ;  and  it  is  important,  in 
order  to  prevent  pollution  of  the  water  supply,  that,  if  these  houses  and 
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buildings  are  to  continue  in  use,  this  supervision  be  not  relaxed,  and  that 
the  chance  of  polluting  matters  entering  the  water  supply  be  prevented  at 
all  times. 

The  Lyman  School  for  Boys.  The  superintendent  of  the 
Lyman  School  at  Westborough  applied  to  the  Board,  March  11, 
1898,  for  the  opinion  of  the  Board  with  reference  to  the  quality  of 
the  water  supply  of  the  institution.  The  Board  replied  to  this  ap- 
plication as  follows :  — 

Mat  6,  1896. 

In  response  to  your  communication  of  March  11,  1898,  stating  that  you 
had  reason  to  be  suspicious  of  the  quality  of  the  water  of  Sandra  Pond, 
and  requesting  an  Investigation  of  this  80uix>e,  the  Board  has  caused  an 
examination  of  the  ponds  used  as  sources  of  water  supply  of  the  town  of 
Westborough  to  be  made  by  its  engineers,  and  has  carefully  examined  the 
results  of  numerous  analyses  of  samples  of  water  sent  in  by  the  water 
works  authorities  from  time  to  time  for  several  years. 

It  appears  that  the  supply  is  drawn  partly  from  the  upper  basin  of  Sandra 
Pond,  so  called,  which  is  an  artificial  storage  reservoir  of  small  depth,  a 
portion  of  the  bottom  of  which  is  covered  with  mud  and  oi^anic  matter, 
and  partly  from  the  lower  basin,  so  called,  which  receives  water  from  the 
upper  basin  both  by  direct  flow  over  the  dam  and  by  filtration  through  the 
dam  and  the  gravelly  land  which  surrounds  it. 

A  comparison  of  the  results  of  analyses  of  samples  of  water  collected 
from  the  lower  basin  with  those  collected  from  the  upper  basin  shows  that 
the  quality  of  the  water  of  the  lower  basin  is  much  better  than  that  of  the 
upper  basin,  which  at  times  contains  enormous  numbers  of  organisms  of 
a  kind  which  cause  disagreeable  tastes  and  odors  when  present  in  lai^e 
numbers  in  the  water.  If  the  supply  could  be  drawn  wholly  from  the 
lower  basin,  and  water  from  the  upper  basin  kept  f ix)m  running  directly 
into  it,  a  water  of  much  better  quality  than  that  supplied  at  present  could 
be  furnished  to  consumers ;  but  the  yield  of  the  lower  basin  is  not,  under 
present  conditions,  sufiddent  for  the  supply  of  consumers  at  all  times. 

The  water-shed  of  the  basins  contains  only  a  small  number  of  inhabi- 
tants, and  the  water  does  not  appear  to  be  exposed  to  serious  danger  of 
pollution  by  sewage.  The  presence  of  a  large  amount  of  organic  matter 
found  in  the  water  of  the  basins  affects  its  appearance,  taste  and  odor, 
rather  than  its  healthfulness,  so  far  as  can  be  judged  from  our  present 
information. 

The  Boaixi  cannot  advise  you  as  to  any  practicable  method  by  which  you 
can  improve  the  quality  of  the  water  supplied  to  you,  unless  the  town  will 
take  steps  to  provide  sufl9cient  filtered  water  to  avoid  drawing  water  directly 
from  the  upper  basin,  which  seems  to  be  practicable,  or  unless  you  can 
obtain  an  independent  supply  from  some  suitable  source. 
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Lynn.  The  State  Board  of  Health  having  observed  that  the 
number  of  eases  of  typhoid  fever  in  Lynn  had  increased  in  a 
marked  manner  in  recent  years,  and  that  there  was  a  further  in- 
crease in  the  early  portion  of  the  present  year,  caused  a  thorough 
investigation  to  be  made,  with  a  view  to  discover  the  probable  cause 
of  the  excessive  prevalence  of  this  disease  in  the  city.  The  Board 
after  completing  the  investigation  addressed  the  following  commu- 
nication to  the  board  of  health  of  Lynn  :  — 

JuNB  3, 1896. 

It  having  been  observed  by  the  State  Board  of  Health  that  the  number 
of  cases  of  typhoid  fever  in  the  city  of  Lynn  had  increased  in  a  marked 
manner  in  recent  years,  and  that  there  was  a  further  increase  in  the  early 
portion  of  the  present  year,  the  Board  has  caused  a  thorough  investigation 
to  be  made,  with  a  view  to  discover  the  probable  cause  of  the  excessive 
prevalence  of  this  disease  in  the  city. 

In  this  connection  an  examination  has  been  made  of  the  statistics  of 
typhoid  fever  in  Lynn,  and  records  have  been  obtained  of  the  annual  num- 
ber of  cases  of  the  disease  and  the  number  of  deaths  therefrom  since  the 
year  1881.  It  is  found  that  the  returns  of  cases  of  this  disease  were  prob- 
ably not,  for  several  years  after  1881,  as  complete  as  they  have  been  in 
recent  years.  No  information  which  appeared  to  be  of  great  value  relative 
to  the  number  of  cases  of  typhoid  fever  for  the  years  previous  to  1881  has 
been  found. 

It  appears  that  the  death  rate  from  all  causes  in  Lynn  has  been  materially 
reduced  during  the  past  eighteen  years.  Beginning  with  1880,  the  death 
rate  per  10,000  of  the  population  by  three-year  periods  has  been  as  fol- 
lows:— 


PERIOD. 

Death  Rftte  from 

AllCaniei 
per  10,000  LiTinff. 

PEBIOD. 

Death  Rate  from 

AUCaoaes 
per  10,000  Living. 

loo(^^    .... 

188S.S6,  .... 
1886-88 

201.2 

179.6 
177.0 

1892-94,   .... 
1895-97,   .... 

168.7 
170.6 
167.7 

A  study  of  the  death  rate  from  infectious  diseases  during  the  past  nine 
years,  from  1889  to  1897,  considered  in  a  similar  manner,  shows  a  notice- 
able increase  in  the  number  of  deaths  due  to  Infectious  diseases  as  com- 
pared with  the  deaths  from  all  causes.  These  facts  appear  in  the  following 
Uble :  — 
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FERIOO. 


Average  Annual 

Nomber  of  Deaths  ftom 

Inffecttous  Diseases 

per  10,000  Living. 


Percentage  (oTDeatbi 

from  AU  Caoeee) 

dne  to 

InActioofl  Diseases. 


1889-91, 
1892-94, 
1896-97, 


17.0 
17.7 
19.0 


A  study  by  three-year  periods  of  the  death  rate  from  typhoid  fever  per 
10,000  living  shows  an  increase  similar  to  that  which  was  found  to  exist 
in  the  death  rate  from  all  infectious  diseases  during  the  same  years  from 
1889  to  1897.  The  average  annual  death  rate  from  typhoid  fever  and  the 
relation  of  the  deaths  from  this  disease  to  the  total  number  of  deaths  from 
ail  causes  during  each  of  the  three-year  periods  are  as  follows :  — 


PERIOD. 


Average  Annoal 

Number  of  Deaths  fh»a 

Typhoid  Fever 

per  10,000  Living. 


Percentage  (of  Deaths 

from  All  Causes) 
doe  to  Typhoid  Fever. 


1889-91, 
1892-94, 
1896-97, 


1.7 
2.0 
8.1 


1.0 
1.1 
1.9 


It  appears  from  the  foregoing  table  that  the  death  rate  from  typhoid 
fever  during  the  past  three  years  has  been  66  per  cent,  higher  than  that 
of  the  years  from  1892  to  1894,  and  over  82  per  cent,  higher  than  during 
the  period  from  1889  to  1891.  Moreover,  it  will  be  seen  that  the  relation 
of  the  number  of  deaths  from  this  disease  to  the  total  number  of  deaths 
from  all  causes  during  the  three  yeai*s  from  1896  to  1897  was  73  per  cent, 
higher  than  the  average  of  the  three-year  penod  next  preceding,  and  90 
per  cent,  greater  than  that  of  the  years  from  1889  to  1891. 

The  death  rate  from  typhoid  fever  per  10,000  living  during  each  of  the 
past  three  years,  1896-97,  has  been,  respectively,  2.1,  4.4,  2.9.  It  will 
be  seen  that  the  mortality  from  the  disease  in  1896  was  about  2.1  times 
that  of  the  previous  year,  and  during  1897  was  about  1.4  times  that  of 
1896.  The  death  rate  from  typhoid  fever  during  1896  was  higher  than 
that  of  any  year  since  1884,  and  during  1897  was  greater  than  during  any 
other  year,  except  1896,  since  the  year  1887. 

The  records  of  the  number  of  reported  cases  of  typhoid  fever  and  deaths 
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therefrom  during  the  past  seventeen  years  show  that  this  series  of  years 
may  be  divided  into  three  periods.  The  first  extended  from  1881  to  1887, 
covering  a  period  of  seven  years ;  the  second,  from  1888  to  1898,  embrac- 
ing six  years ;  and  the  third,  from  1894  to  March  24,  1898,  covering  about 
four  and  a  quarter  years. 

It  is  evident  that  typhoid  fever  was  prevalent  in  Lynn  in  an  excessive 
degree  during  the  period  of  years  first  mentioned,  from  1881  to  1887.  The 
probable  number  of  cases  occurring  during  each  of  the  years  in  question, 
estimated  from  the  number  of  deaths  actually  reported  upon  the  basis  of 
20  per  cent,  mortality  and  of  the  present  population,  has  been  found  to 
be  KB  follows :  — 


1881,  .        .         .         . 

1882,  .... 

1883,  .... 

IcRTXf  .  •  •  • 


196 
212 
159 
147 


Cum. 


1885, 
1886, 
1887, 


99 
121 


115 


During  the  period  from  1888  to  1898  the  number  of  cases  of  typhoid 
fever  reported  each  year  was  fairly  uniform,  and  was  lower  than  in  any 
period  since  records  have  been  kept ;  so  that  this  period  may  reasonably 
be  taken  to  represent  what,  for  purposes  of  comparison,  may  be  considered 
as  the  normal  prevalence  of  typhoid  fever  in  Lynn  when  there  are  no  unusual 
causes  of  infection.  The  annual  number  of  cases  of  the  disease,  estimated 
apon  the  basis  of  present  population,  from  the  number  of  cases  actually 
reported,  for  each  of  the  six  years  from  1888  to  1893,  is  as  follows :  — 


The  average  number  of  cases  of  the  disease  per  10,000  inhabitants  was 
10.5  and  the  average  number  of  deaths  1.9. 

Very  early  in  the  year  1894  the  number  of  reported  cases  per  month 
began  to  be  considerably  greater  than  the  average  monthly  number  during 
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the  period  from  1888  to  1893.  The  conditions  of  the  year  1894  were 
peculiar,  in  that  the  number  of  cases  was  not  as  great  as  usual  during  the 
late  summer  and  the  autumn  months,  but  was  very  much  greater  than 
usual  during  the  winter  and  spring  months.  The  average  annual  num- 
ber of  cases  during  the  past  three  years,  1895  to  1897,  upon  the  basis  of 
present  population,  was  100.2 ;  which  is  47  per  cent,  larger  than  the  aver- 
age number  for  the  period  of  six  years  from  1888  to  1893.  The  current 
year,  1898,  has  been  marked  by  an  excessive  prevalence  of  the  disease 
during  the  months  of  February  and  March. 

During  the  entire  period  from  Jan.  1,  1894,  to  March  24,  1898,  there 
was  reported  to  your  board  a  total  number  of  390  cases  of  typhoid  fever, 
77  of  which  have  resulted  in  death.  Assuming  that  the  cases  of  typhoid 
fever  and  deaths  therefrom  during  the  period  from  1888  to  1893  represent 
usual  conditions,  there  has  been  an  excess,  in  the  interval  between  Jan. 
1,  1894,  and  March  24,  1898,  of  about  156  cases,  resulting  in  about  35 
deaths. 

From  Jan.  1,  1895,  to  March  24,  1898,  there  was  reported  a  total  num- 
ber of  336  cases  of  typhoid  fever ;  and  in  269  of  these  a  careful  investi- 
gation has  been  made  of  each  individual  case,  and  information  has  been 
obtained  relative  to  the  occupation  and  movements  for  about  two  months 
prior  to  the  date  of  illness  of  persons  having  the  disease,  together  with  as 
complete  information  as  possible  relative  to  the  water,  milk,  ice  and  food 
supplies  used  in  each  case  during  that  period.  In  the  study  of  these  cases 
a  large  portion  of  the  Infoimation  was  collected  through  your  sanitary  in- 
spectors, who  were  detailed  by  you  to  do  this  work.  The  remaining  67 
(or  about  20  per  cent.)  were  not  investigated,  because  no  satisfactory 
information  concerning  them  could  be  obtained,  the  large  majority  of  those 
persons  sick  with  the  disease  during  the  years  1895  and  1896  having  re* 
moved  from  the  city. 

Of  the  269  cases  investigated,  12  were  undoubtedly  imported,  7  others 
may  reasonably  be  attributed  to  infection  derived  elsewhere  than  in  Lynn, 
and  18  cases  followed  somewhat  closely  upon  others  occurring  in  the  same 
families,  and  it  is  possible  that  the  infection  may  have  been  derived  from 
direct  personal  contact  and  association  with  those  first  coming  down  with 
the  sickness.  Excluding  the  cases  which  were  imported,  and  2  others,  all 
are  known  to  have  been  provided  with  the  public  water  supply  at  the  house 
from  which  they  were  reported.  Only  17  individuals  of  the  257  cases  in- 
vestigated, excluding  as  before  the  imported  cases,  are  believed  to  have 
used  at  their  homes  any  other  water  than  that  from  the  public  water  works. 
One  hundred  and  fifty-four  persons  (or  60  per  cent.)  of  all  the  cases  in- 
vestigated, excluding  the  12  cases  known  definitely  to  have  been  imported, 
are  believed  to  have  used  no  water  for  drinking  purposes  other  than  the 
public  water  supply  of  Lynn,  during  a  period  of  two  months  previous  to 
coming  down  with  the  disease. 
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A  Btudj  of  the  rdation  of  the  use  of  spring  waters  to  the  cases  of  typhoid 
fever  oocarring  in  Lymi  daring  the  period  from  Jan.  1, 1895,  to  March  24, 
1898,  has  given  no  evidence  that  the  infection  in  any  instance  was  derived 
from  the  use  of  a  spring  water.  There  is  evidence,  however,  that  the  water 
of  several  of  these  springs  has  been  at  some  time  greatly  polluted  by  sew- 
age and  subsequently  well  purified  in  its  passage  through  the  ground ;  and, 
while  no  case  of  typhoid  fever  was  traced  to  the  use  of  water  from  these 
springs,  some  of  the  waters  are  excessively  hard,  and  it  is  not  improbable 
that  the  hardness  has  an  injurious  effect  upon  the  health  of  those  using 
these  waters.  Moreover,  there  is  danger  that  the  purification  of  the  water 
in  its  passage  through  the  ground  may  at  some  time  be  less  thorough,  and 
thus  endanger  the  health  of  those  who  use  it. 

An  examination  of  the  relation  of  the  cases  occurring  during  the  period 
above  noted  to  the  milk  supply  indicates  that  several  cases  coming  down 
ia  September,  1896,  may  have  been  due  to  infection  received  from  the  use 
of  milk  supplied  by  one  of  the  largest  dealers  in  Lynn.  A  careful  investi- 
gation of  other  cases  of  typhoid  fever,  relative  to  the  use  of  milk  and  a 
general  study  of  the  milk  supply  of  Lynn,  has  failed  to  give  any  further 
evidence  of  infection  derived  from  the  use  of  this  article  of  food. 

In  the  ooorse  of  the  investigation  it  was  learned  that  about  70  per  cent, 
of  the  people  of  the  city  used  ice  in  connection  with  food  or  drinking 
water ;  whUe,  of  the  total  number  of  cases  of  typhoid  fever  investigated,  it 
was  found  that  a  somewhat  smaller  percentage  of  those  who  contracted  the 
disease  had  used  ice  in  this  way  for  a  period  of  several  weeks  prior  to  the 
date  of  illness.  Considering  the  fact  that  the  most  excessive  prevalence 
of  the  disease  occurred  in  the  months  from  December  to  April,  inclusive, 
when  the  use  of  ice  in  contact  with  food  and  water  is  far  less  common  than 
at  other  seasons,  it  is  unreasonable  to  attribute  the  excessive  prevalence  of 
the  disease  during  these  years  to  the  use  of  ice. 

An  examination  into  the  system  of  public  water  supply  of  the  city  of 
Lynn  has  revealed  a  most  serious  pollution  by  sewage  of  that  portion 
which  has  been  taken  from  the  Saugus  River  above  Hewlett's  dam.  The 
use  of  this  source  appears  to  have  been  begun  in  the  latter  part  of 
the  year  1893,  or  early  in  the  year  1894.  Throughout  the  past  four  years 
typhoid  fever  has  been  more  or  less  prevalent  upon  the  water-shed  of  this 
stream,  under  conditions  which  at  times  must  have  caused  the  infection 
of  the  river  water  with  the  germs  of  the  disease,  since  there  are  many  cess- 
pools which  overflow  into  the  stream,  and  there  are  privies  situated  either 
directly  over  the  water  or  in  its  immediate  vicinity.  It  has  been  found 
that  practically  coincident  with  the  first  use  of  this  river  water  for  the  pur- 
poses of  a  public  supply  in  Lynn  typhoid  fever  began  to  be  prevalent 
to  a  degree  greatly  in  excess  of  its  prevalence  during  the  preceding  six 
3rears,  when  the  water  supply  is  believed  to  have  been  in  no  part  drawn 
from  this  source. 
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In  addition  to  the  statiBtical  evidence  which  has  been  presented,  many 
facts  have  been  brought  oat  by  personal  studies  of  the  individaal  cases  of 
jtyphoid  fever  which  make  it  impossible  to  arrive  at  any  other  condasion 
than  that  nearly  all  of  the  excess  in  the  prevalence  of  typhoid  fever  in  Lynn 
daring  the  years  from  1894  to  1897  has  been  due  to  the  use  of  the  pollated 
waters  of  the  Saugus  River  and  of  Birch  Pond,  and  perhaps  Breed's  Pond, 
which  have  been  contaminated  therefrom.  It  appears  probable  that  some 
of  the  cases  of  typhoid  fever  occurring  daring  the  present  year  have  been 
due  to  temporary  infection  of  the  water  of  Hawkes  reservoir. 

In  addition  to  the  examination  which  was  made  of  the  water-shed  of  the 
Saugus  River,  a  careful  investigation  was  made  of  the  water-sheds  and  the 
condition  of  the  various  other  sources  of  public  supply  of  the  city.  It  ap- 
pears that  the  water-sheds  of  Breed's,  Birch,  Walden  and  Glen  Lewis  ponds 
are  largely  embraced  in  a  tract  of  land  known  as  the  Lynn  woods,  which 
is  public  property  used  for  the  purposes  of  a  public  park.  There  is  no  evi- 
dence that  injury  to  the  quality  of  the  water  of  the  ponds  has  been  caused 
by  the  use  of  these  lands  by  the  public  up  to  the  present  time* 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  a  large 
portion  of  the  sickness  and  mortality  from  typhoid  fever  in  the  city  of  Lynn 
in  the  past  four  years  has  been  due  to  the  pollution  of  the  portion  of  the 
water  supply  drawn  from  Saugus  River  and  from  Birch  and  Breed's  ponds, 
to  which  this  water  is  supplied.  The  sickness  and  mortality  caused  by  the 
pollution  of  the  public  water  supply  of  the  city  are,  in  the  opinion  of  the 
Board,  unnecessary  and  preventable ;  and  the  Board  would,  therefore,  ad- 
vise the  city  of  Lynn  that,  on  account  of  the  large  population  situated  upon 
the  water-shed  of  the  Saugus  River,  the  water  from  this  stream  should  not 
be  taken  into  the  city  until  it  has  been  thoroughly  purified  by  filtration. 
While  it  does  not  appear  that  the  public  use  of  the  Lynn  woods,  so  called, 
has  caused  pollution  of  the  ponds  about  which  these  lands  are  situated,  it 
is,  nevertheless,  important  that  the  use  of  these  lands  in  the  vicinity  of  the 
ponds  and  streams  be  continually  under  careful  supervision,  in  order  that 
all  danger  of  the  pollution  of  these  sources  of  water  supply  of  the  city  may 
be  prevented. 

The  Board  would  also  advise  that  measures  be  taken  to  prevent  the  use, 
for  domestic  purposes,  of  ice  from  polluted  sources.  A  careful  supervision 
should  also  be  exercised  over  the  spring  waters  sold  in  the  city,  in  order 
that  the  sale  of  such  waters  as  are  dangerous  or  injurious  to  health  may 
be  prevented. 

With  these  conditions  established,  we  see  no  reason  why  the  city  of  Lynn 
may  not  return  to  the  enviable  condition  existing  from  1888  to  1898,  when 
deaths  from  typhoid  fever  were  less  than  in  nearly  all  the  cities  of  the 
State. 

Should  you  desire  to  examine  the  details  obtained  in  this  investigation, 
they  will  be  shown  you  at  this  office. 
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Marblehead.  a  communication  was  received  from  the  water 
commissioners  of  Marblehead,  Dec.  20,  1897,  asking  the  opinion 
of  the  Board  as  to  the  cause  of  a  reddish  icolor  in  the  public  water 
supply  of  the  town,  sometimes  accompanied  by  a  bad  taste  and 
odor.  They  also  requested  advice  as  to  the  best  remedy  for  the 
same.     The  Board  replied  as  follows  :  — 

JuLT  7,  1896. 

The  State  Board  of  Health  received  from  you,  on  Dec.  20,  1897,  a  eom- 
muDication  relative  to  the  quality  of  the  water  supply  of  the  town  of  Mar- 
blehead, which  you  state  is  objectionable  on  account  of  a  reddish  color, 
which  stains  materials  with  which  it  comes  in  contact,  and  also  on  account 
of  a  somewhat  disagreeable  taste  and  odor ;  and  you  request  information 
as  to  the  cause  of  the  trouble  and  advice  as  to  a  remedy  therefor. 

The  Board  has  caused  an  examination  of  the  present  sources  of  supply 
to  be  made  by  its  engineer,  and  finds  that  the  supply  of  the  town  is  at 
present  drawn  chiefly  from  two  large  wells,  one  known  as  Well  No.  1, 
located  near  the  pumping  station  and  not  far  from  Loring  Avenue  in 
Salem,  and  the  other  known  as  Well  No.  2,  located  about  800  feet  south- 
east of  the  pumping  station.  The  water  in  the  latter  well  stands  at  a  con- 
siderably higher  level  than  the  water  in  Well  No.  1,  and  is  drawn  into  Well 
No.  1  by  gravity.  A  system  of  thirty-nine  tubular  wells,  situated  mostly 
in  a  marsh  near  the  salt  water  north-east  of  the  pumping  station,  has  been 
used  occasionally  in  connection  with  the  other  sources.  Numerous  samples 
of  the  water  supplied  to  the  town  from  these  sources  have  been  analyzed 
since  the  works  were  first  constructed,  the  results  of  which  show  that  the 
water  is  afiPected  by  the  presence  of  an  excessive  amount  of  iron,  causing 
the  reddish  appearance  and  probably  also  the  taste  and  odor  of  the  water 
to  which  you  refer  in  your  application. 

Examinations  of  the  separate  sources  of  supply  show  that  the  water  of 
Well  No.  2,  which  furnishes  the  greater  poi*tion  of  the  water  supplied  to 
the  town,  contains  a  very  large  amount  of  iron.  It  has  not  been  practicable 
to  obtain  samples  from  Well  No.  1  except  at  times  when  it  was  affected  by 
the  presence  of  water  from  Well  No.  2 ;  but  the  mingled  water  of  the  two 
wells,  as  drawn  from  Well  No.  1,  contains  a  considerably  smaller  quantity 
of  iron  than  the  water  X)f  Well  No.  2,  and  it  seems  probable  that  the  water 
which  drains  naturally  into  Well  No.  1  is  not  at  present  affected  by  an 
excess  of  iron. 

Examinations  of  the  water  of  the  tubular  wells  show  that  this  water  also 
is  affected  by  an  excess  of  iron,  and,  moreover,  the  quality  of  the  water 
appears  to  deteriorate  rapidly  when  any  considerable  amount  is  drawn  from 
these  wells,  on  account  of  a  marked  increase  at  such  times  in  the  hardness 
and  in  the  quantity  of  salt  present  in  the  water. 

With  regard  to  the  best  means  of  improving  the  quality  of  the  water  of 
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Well  No.  2)  the  Board  has  caased  experiments  to  be  made  with  water  taken 
from  this  well,  the  results  of  which  have  shown  that  by  first  aerating  the 
water  and  subsequently  filtering  it  through  a  sand  filter  at  a  rate  of  about 
10,000,000  gallons  per  acre  per  day,  the  iron  can  all  be  removed,  and  a 
clear  and  colorless  water  can  be  obtained  which  is  free  from  taste  and  odor. 

In  constructing  a  filter  to  filter  all  of  the  water  of  Well  No.  2,  it  would 
be  desirable  to  provide  for  a  smaller  rate  of  filtration  than  that  at  which 
the  experimental  filter  was  operated,  and  the  depth  of  sand  should  not  be 
less  than  24  inches.  The  filter  should  be  so  designed  and  constructed  that 
it  can  be  operated  without  difficulty  at  the  rate  proposed,  and  provision 
should  be  made  for  cleaning.  The  filter  should  be  covered,  to  prevent 
difficulty  of  operation  in  cold  weather. 

Should  you  desire  to  construct  a  filter  for  the  improvement  of  your  water 
supply,  the  plans  should  be  prepared  by  a  competent  hydraulic  engineer, 
and  the  Board  will,  upon  application,  give  you  advice  with  reference  to 
any  plans  which  you  may  wish  to  present. 

The  consumption  of  water  in  the  town  is  increasing,  and  in  connection 
with  plans  for  the  filtration  of  water  from  your  present  sources  the  Board 
would  suggest  that  you  consider  the  question  of  the  possible  necessity  for 
an  additional  supply. 

Medford.  An  application  was  received,  Oct.  18,  1898,  from 
the  water  commissioners  of  Medford,  for  the  advice  of  the  Board 
relative  to  the  proposed  use  of  the  water  of  Wright's  Pond  as  a 
source  of  water  supply  during  the  cold  weather.  The  Board  re- 
plied to  this  application  as  follows :  — 

Dbo.  2, 189S. 

The  State  Board  of  Health  received  from  you,  on  October  18,  an  appli- 
cation requesting  the  advice  of  the  Board  with  reference  to  the  use  of  water 
from  Wright's  Pond  for  the  supply  of  the  city  of  Medford  during  cold 
weather. 

The  Board  has  caused  the  pond  and  its  water-shed  to  be  examined  by 
one  of  its  engineers,  and  a  sample  of  the  water  collected  on  November  4 
to  be  analyzed.  This  analysis  shows  that  the  water  at  that  time  had  con- 
siderable color  and  a  somewhat  unpleasant  odor  when  heated ;  and  the 
quantity  of  organic  matter  present,  as  shown  by  the  free  and  albuminoid 
ammonia,  was  large.  The  water  of  the  pond  does  not  appear  to  be  ex- 
posed to  danger  of  pollution  by  sewage,  but  it  will  be  liable  to  be  objec- 
tionable for  drinking  and  other  uses  on  account  of  its  appearance  and 
disagreeable  taste  and  odor ;  and  on  this  account  the  Board  would  advise 
that  you  avoid  the  use  of  water  from  this  pond,  if  a  better  source  is 
available. 
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Natick.  The  water  commissioners  of  Natick  applied  to  the 
Board,  Feb.  16,  1898,  for  its  advice  relative  to  a  proposed  water 
supply  for  the  town,  to  be  taken  from  gravel  beds  lying  between 
the  Worcester  road,  the  Saxonville  branch  of  the  Boston  &  Albany 
Railroad  and  Lake  Cochituate,  and  distant  about  one  and  one-half 
miles  from  the  railroad  station  in  Natick.  The  Board  replied  to 
this  application  as  follows :  — 

March  17, 1898. 

An  application  was  received  from  you,  on  Feb.  15,  1898,  requesting  the 
advice  of  the  State  Board  of  Health  with  reference  to  a  proposed  water 
supply  for  the  town  of  Natick,  containing  the  following  outline  of  your 
proposed  plans :  — 

It  18  proposed  to  obtain  a  supply  of  ground  water  from  the  gravel  beds  under- 
lying land  o^«rned  by  the  town  of  l^atick  and  lying  between  the  Worcester  Road 
(old  turnpike),  the  Saxonville  branch  of  the  Boston  &  Albany  Railroad  and  Lake 
Cochituate,  said  land  being  located  in  the  to¥nai  x>f  Natick  and  distant  about  one 
and  one-half  miles  fixym  the  railroad  station  in  Natick,  and  is  the  territory  re- 
ferred to  in  the  communication  of  your  Board  to  the  water  commissioners  of 
Natick,  dated  Nov.  4, 1897. 

It  is  proposed  to  obtain  this  water  by  driven  wells  of  large  diameter  arranged 
in  clusters  and  connected  with  each  other  and  a  main  suction  pipe  by  pipes  of 
appropriate  diameter,  such  wells  to  be  located  at  such  points  and  driven  to 
such  depths  as  convenience  in  construction  and  quantity  of  water  available  may 
indicate. 

Or,  by  an  excavated  well  of  large  diameter,  to  be  retained  with  heavy  stone 
work,  laid  dry,  and  lined  inside  with  water-tight  brick  work  laid  in  American 
Pditland  cement,  this  well  to  be  covered  with  appropriate  roof  to  exclude  sun- 
light 

Or,  the  above  methods  may  be  used  in  combination;  in  such  case  the  large 
well. to  serve  as  a  storage  reservoir  to  meet  the  demand  for  rapid  pumping. 

The  water  obtained  by  either  or  both  of  the  above  plans  is  to  be  pumped  into 
a  stand-pipe,  to  be  constructed  on  an  appropriate  elevation  within  the  town  limits, 
such  stand-pipe  to  be  of  most  modem  construction,  and  to  have  a  tight  roof  to 
exclude  sunlight  and  air  and  reduce  the  danger  of  freezing  in  cold  weather.  In 
sQch  stand-pipe  the  ground  water  is  to  be  delivered  at  or  near  the  high-water 
mark  at  the  top  of  the  structure. 

Or,  the  water  may  be  pumped  through  the  present  system  of  piping  in  the 
town  into  the  present  reservoir  on  Broad  Hill ;  in  such  case  the  reservoir  is  to 
be  covered  over  by  an  appropriate  and  durable  design  in  construction  in  order 
to  preserve  the  quality  of  the  water. 

The  opinion  and  advice  of  the  Board  is  desired  as  to  the  sufficiency  and  quality 
of  the  proposed  supply  and  its  desirability  in  comparison  with  the  water  now 
drawn  by  the  town  firom  Dug  Pond. 

You  also  submitted  the  results  of  your  investigations  as  to  the  character 
of  the  soil  in  the  territory  referred  to  in  the  application  by  means  of  tubular 
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test  wells,  and  the  results  of  a  pumping  test  made  by  connecting  several 
of  these  wells  and  pumping  from  them  nearly  continuously  with  a  steam 
pump  for  a  period  of  thirteen  days,  from  January  19  to  Feb.  1,  1898. 
During  this  test  samples  of  water  drawn  from  the  wells,  collected  by  you 
and  by  the  Board,  have  been  analyzed. 

The  source  from  which  it  is  proposed  to  obtain  the  supply  is  the  same 
as  that  referred  to  in  your  application  of  last  year,  concerning  which  the 
Board  advised  that  the  conditions  appeared  to  be  favoi*able,  and  suggested 
that  further  investigation  be  made  in  its  communication  of  November  4. 
The  character  of  the  soil,  as  shown  by  the  material  taken  from  the  wells, 
appears  to  be  coarse  and  porous,  but  the  soil  taken  from  one  of  the  wells 
driven  in  the  bottom  of  the  small  shallow  pond  known  as  Snake  Pond  was 
quite  fine. 

The  wells  from  which  water  was  drawn  were  located  in  the  immediate  vicin- 
ity of  Snake  Pond,  and  several  other  test  wells  wei*e  driven  near  the  shore 
of  the  southerly  basin  of  Lake  Cochituate  and  one  near  the  southerly  shore 
of  the  middle  basin  of  the  lake.  The  average  daily  quantity  of  water 
pumped  during  the  test  was  considerably  in  excess  of  the  quantity  now 
used  for  the  supply  of  Natick ;  but,  nevertheless,  the  water  in  the  ground 
in  the  vicinity  of  the  wells,  as  shown  by  your  observations,  rose  consider- 
ably during  the  test,  following  closely  a  rise  in  the  level  of  the  water  of 
Lake  Cochituate.  The  tests  as  a  whole  indicate  that  a  quantity  of  water 
much  in  excess  of  the  present  needs  of  the  town  of  Natick  can  be  obtained 
from  the  ground  at  this  place,  under  conditions  similar  to  those  which  ex- 
isted when  the  pumping  test  was  made.  The  lake  may,  however,  be  drawn 
down  much  lower  at  times  than  its  level  at  the  time  this  test  was  made, 
and  the  amount  of  water  which  the  ground  would  yield  would  be  smaller 
when  the  level  of  the  water  in  the  lake  is  lower,  and  it  is  not  feasible  to 
tell  definitely  the  probable  quantity  of  water  that  could  be  obtained  from 
the  ground  when  the  lake  is  drawn  down  near  low-water  level ;  but  it 
appears  to  be  practicable  to  increase  the  yield  of  the  wells,  if  it  should 
become  necessary,  by  pumping  water  from  the  lake  upon  the  surface  of  the 
ground  in  their  vicinity. 

Analyses  of  several  samples  of  the  water  of  the  test  wells  collected  at 
intervals  throughout  the  test  show  that  this  water  was  clear,  colorless  and 
otherwise  of  good  quality  for  the  purposes  of  a  public  water  supply ;  and, 
if  the  location  of  the  wells  in  soil  containing  organic  matter  beneath  the 
small  pond  is  avoided,  and  the  wells  for  permanent  use  are  located  at  a 
sufficient  distance  from  the  lake  to  avoid  danger  of  imperfectly  filtered 
water  from  that  source  finding  its  way  into  them,  there  appears  to  be  no 
reason  to  expect  a  deterioration  in  the  quality  of  water,  if  a  quantity  suffi- 
cient for  the  supply  of  Natick  should  be  drawn  continually  from  the  ground 
at  this  place,  provided  the  water  is  kept  from  exposure  to  light,  as  is  pro- 
posed in  your  present  plan. 
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In  view  of  the  resalts  of  the  investigation,  the  Board  is  of  the  opinion 
that  the  source  proposed  hy  you  is  an  appropriate  one  for  the  supply  of 
the  town  of  Natick,  and  is  much  more  desirable  than  Dug  Pond,  your 
present  source,  the  capacity  of  which  is  little  in  excess  of  the  present 
needs  of  the  town  in  dry  years.  Moreover,  as  stated  in  the  previous 
communication  of  the  Board  with  reference  to  this  subject,  Dug  Pond  is 
not  a  safe  source  from  which  to  take  water  directly  for  domestic  uses,  on 
account  of  the  large  population  located  along  its  main  feeder,  which  dis- 
charges into  the  arm  of  the  pond  from  which  its  supply  for  the  town  is 
drawn. 

The  Board  wonld,  therefore,  advise  that  the  new  works  be  constructed 
with  a  view  to  supplying  the  town  wholly  from  the  new  source,  in  order 
that  the  use  of  water  from  Dug  Pond  may  be  abandoned  as  soon  as 
practicable. 

Needham.  An  application  was  received,  Sept.  23,  1898,  from 
the  Needham  water  board,  giving  notice  of  their  intention  to  in- 
crease the  water  supply  of  that  town,  and  requesting  the  advice 
of  the  State  Board  of  Health  relative  to  the  same.  The  Board 
replied  to  this  application  as  follows :  — 

Not.  17, 1898. 

The  State  Board  of  Health  received  from  you,  on  Sept.  23,  1898,  an 
application  under  the  authority  of  chapter  375  of  the  Acts  of  1888,  giving 
notice  of  your  intention  to  increase  the  system  of  water  supply  for  the  town 
of  Needham,  and  giving  an  outline  of  your  proposed  plan  for  adding  to  the 
sapply  by  providing  further  means  for  securing  ground  water  from  the 
water-shed  of  your  present  supply,  as  follows :  — 

To  accomplish  this  it  is  proposed  to  sink  another  well  or  provide  filter-galleries 
or  ooDdnits,  or  both,  in  the  sand  and  gravel  basin  between  the  present  well  and 
the  pumping  station. 

To  aid  in  keeping  the  ground  saturated  about  the  supply  well,  it  is  proposed 
to  construct  a  storage  basin  either  above  the  location  of  the  wells  in  the  valley 
of  the  brook  or  below  the  wells  near  the  pumping  station  in  the  sandy  basin 
before  mentioned 

The  latter  location  seems  preferable,  inasmuch  as  considerable  spring  water 
now  wasted  wonld  be  intercepted ;  the  water  table  in  the  near  vicinity  of  the 
welU  would  be  maintained  higher ;  more  water  would  pass  through  the  reser- 
T<nr,  creating  a  better  circulation ;  and  there  would  be  a  large  body  of  water 
near  the  pumping  station,  which,  although  not  to  be  used  direct,  its  presence 
would  give  an  added  sense  of  security  in  considering  the  x>ossibility  of  a  con- 
fltgiation  coincident  with  an  empty  stand-pipe  and  low  water  in  the  wells.  The 
reeerToir  would  be  excavated  to  uniform  depths  and  protected  against  impure 
•Qxiace  water  by  a  sand  filter  dam  where  the  brook  enters. 
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Subsequently  a  plan  was  submitted  by  your  engineer,  showing  the  pro- 
posed location  of  a  well  in  the  valley  of  the  brook  about  440  feet  south- 
west of  your  present  well,  between  the  present  well  and  the  pumping 
station,  together  with  the  location  of  the  proposed  dam  across  the  brook 
a  short  distance  above  your  pumping  station,  but  below  the  location  of 
the  present  and  proposed  wells,  and  the  approximate  outlines  of  the  res- 
ervoir which  would  be  created  thereby. 

From  this  plan  it  appears  that  the  shores  of  the  pond  will  be  at  the 
nearest  place  within  about  225  feet  of  your  present  well,  and  that,  to  avoid 
flooding  the  ground  in  the  immediate  vicinity  of  your  proposed  new  well, 
it  is  proposed  to  raise  the  level  of  the  ground  so  that  the  line  of  flowage 
in  the  pond  will  be  at  least  90  feet  from  the  well. 

The  consumption  of  water  in  Needham  has  increased  very  rapidly  in  the 
last  few  years,  and  there  are  indications  that  the  supply  from  the  present 
source  would  prove  inadequate  for  the  supply  of  the  town  in  a  dry  season, 
and  a  suitable  additional  supply  should  be  provided  without  delay. 

The  Board  has  carefully  considered  the  proposed  plans,  and  has  caused 
the  locality  to  be  examined  by  its  engineer  and  a  sample  of  the  water  from 
the  test  well  at  the  location  of  your  proposed  new  well  to  be  analyzed.  It 
appears  that  a  test  well  at  the  site  of  your  proposed  new  well  yields  water 
freely  at  a  rate  of  about  60  gallons  per  minute  when  pumping  with  a  hand 
pump ;  and  the  results  of  the  analysis  of  a  sample  of  the  water  sent  in  by 
you  from  this  well  indicate  that  its  quality  at  the  present  time  is  good, 
being  about  the  same  as  that  of  your  present  source  of  supply.  Observa- 
tions upon  the  height  of  water  in  the  test  well  and  in  your  present  well 
show  that,  when  pumping  from  the  present  source,  the  level  of  the  water 
in  the  test  well  is  affected  to  a  considerable  extent,  showing  that  the  ground 
water  in  the  vicinity  of  your  proposed  well  is  already  influenced  by  pump- 
ing from  your  present  source.  No  test  has  been  made  to  determine  the 
probable  quantity  of  water  that  can  be  obtained  from  the  ground  in  the 
vicinity  of  this  test  well,  in  addition  to  the  quantity  now  obtained  from 
your  present  well. 

The  proposed  well  would  be  located  close  to  the  edge  of  the  water-shed 
of  the  brook,  on  its  southerly  and  westerly  sides,  while  on  the  north-westerly 
and  northerly  sides  tests  of  the  ground  have  shown  that  ledge  comes  to 
within  9  feet  of  the  surface  in  places.  It  also  appears  that  ledge  was  en- 
countered in  the  test  well  at  a  depth  of  16  feet  beneath  the  surface,  and 
the  indications  are  that  the  stratum  of  porous  material  from  which  water 
can  be  obtained  is  not  of  considerable  depth  or  extent. 

It  is  a  part  of  your  plan,  however,  to  create  a  small  pond  near  the  wells, 
by  means  of  which  it  is  expected  to  saturate  the  ground  and  thus  increase 
the  yield  of  these  sources.  It  is  impossible  to  determine  beforehand  to 
what  extent  the  water  of  your  proposed  pond  would  filter  through  the 
ground  to  these  wells;   but,  even  if  a  large  portion  of  the  flow  of  the 
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brook  sbocdd  enter  the  wells  through  the  ground,  it  is  doubtful  whether 
the  yield  of  the  wells  would  be  sufficient  to  supply  the  requirements  of  the 
town  of  Needham  if  a  dry  year  should  occur  in  the  immediate  future.  It 
may  also  happen  that  imperfectly  filtered  water  from  the  pond  may  enter 
the  wells  and  have  an  unfavorable  influence  upon  the  quality  of  the  water, 
causing  it  to  contain  an  excess  of  iron  or  organic  matter,  and  making  it 
objectionable  for  many  uses. 

In  view  of  all  the  circumstances,  the  Board  does  not  at  present  advise 
the  adoption  of  the  method  now  proposed  for  increasing  the  water  supply 
of  the  town  of  Needham,  but  would  advise  a  further  invest^ation,  with  a 
view  to  obtaining  a  larger  quantity  of  water  than  would  probably  be  made 
available  by  the  proposed  new  well. 

It  is  desirable  to  increase  your  supply,  if  possible,  by  further  works  in 
the  vidnity  of  your  present  well.  A  single  test  well  in  a  small  valley  east 
of  your  present  well  indicates  that  porous  soil  may  be  found  in  that  vicinity 
at  a  considerable  depth  beneath  the  surface ;  and,  under  the  circumstances, 
it  seems  desirable  to  make  further  tests  in  this  valley,  to  determine  whether 
any  considerable  additional  supply  of  ground  water  may  be  obtained  there. 

It  is  also  desirable  to  make  a  careful  examination  along  the  Charles 
River,  near  your  present  pumping  station,  to  see  whether  a  suitable  addi- 
tional supply  may  not  be  obtained  near  that  stream. 

The  Board  will  co-operate  with  you  in  such  further  investigations  as  you 
may  decide  to  make,  by  making  such  analyses  of  samples  of  water  as  may 
be  necessary,  and  will,  upon  application,  give  you  further  advice  in  this 
matter  when  yon  have  the  results  of  further  investigations  to  present. 

North  Andover.  An  application  was  received  from  the  water 
commissioners  of  North  Andover,  April  20,  1898,  for  the  advice 
of  the  Board  relative  to  taking  the  water  of  Great  Pond  in  that 
town  as  a  source  of  public  water  supply.  The  Board  replied  to 
this  application  as  follows :  — 

Mat  6,  ISdB. 

The  State  Board  of  Health  received  from  you,  on  April  20,  1898,  an 
application  for  advice  with  reference  to  a  proposed  source  of  water  supply 
for  the  town  of  North  Andover,  to  be  taken  from  Great  Pond  in  that  town, 
at  a  point  near  its  southerly  end,  and  has  caused  an  examination  of  the 
fHopoeed  source  to  be  made  and  a  sample  of  the  water  of  the  pond  to  be 
analyzed. 

The  results  of  this  analysis,  and  of  analyses  of  two  samples  made  in 
previous  years,  indicate  that  the  water  is  soft,  generally  only  slightly 
colored,  and  is  in  other  respects  of  good  quality  for  the  purposes  of  a 
public  water  supply.  The  limited  number  of  examinations  thus  far  made 
are  not  snfficient  to  make  it  possible  to  determine  whether  its  quality  would 
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be  satisfactory  at  all  times;  but  the  indications  are  that  the  water  will 
generally  be  satisfactory,  but  that  it  may  at  intervals  be  affected  by  the 
presence  of  large  numbers  of  microscopic  organisms,  which  may  impart 
to  the  water  a  noticeable  taste  and  odor. 

The  quantity  of  water  which  the  pond  will  furnish  is  many  times  in  ex- 
cess of  the  quantity  which  would  be  required  for  the  supply  of  the  town 
of  North  Andover. 

The  water-shed  of  the  pond  contains  a  considerable  number  of  dwelling- 
houses,  in  connection  with  most  of  which  there  are  barns  and  ont-honses ; 
and  it  will  be  necessary  to  prevent  danger  of  the  pollution  of  the  pond 
from  these  places.  The  pond  is  also  used  to  a  considerable  extent  as  a 
summer  resort,  and  it  is  likely  that  the  number  of  summer  visitors  will 
increase  from  year  to  year.  There  are,  moreover,  several  buildings  around 
the  shores  which  are  said  to  be  used  as  places  of  resort  in  the  summer 
season,  one  of  which  is  not  far  from  the  proposed  intake. 

Recent  investigations  in  the  cases  of  other  ponds  used  as  sources  of 
public  water  supply  Indicate  that  there  might  be  much  danger  to  the  health 
of  the  inhabitants  of  the  town  should  water  be  drawn  directly  from  the 
pond,  unless  the  use  of  the  pond  is  under  such  control  and  supervision  as 
to  prevent  its  pollution ;  and  the  Board  would  advise  that  such  control  and 
supervision  is  necessary  to  protect  the  health  of  those  who  may  use  the 
water. 


At  a  later  date,  Sept.  23,  1898,  the  same  board  applied  to  the 
State  Board  of  Health,  requesting  an  opinion  as  to  the  probable 
effect  of  the  water  of  Great  Pond  upon  lead  or  lead-lined  pipes, 
as  affecting  the  water  for  domestic  use.  The  Board  replied  to  thia 
letter  as  follows :  — 

Oct.  7, 1898. 

The  State  Board  of  Health  has  considered  your  communication  of  Sept. 
,23,  1898,  in  which  you  inquire  whether  anything  was  found  in  the  analyses 
of  Great  Pond  water  that  would  make  the  use  of  lead  or  lead-lined  pipe 
undesurable  for  street  services  to  dwellings. 

It  is  not  possible  for  the  Board  to  determine,  from  the  analyses  of  Great 
Pond  water  that  have  been  made  by  the  Board,  whether  the  water  would 
take  up  lead  if  supplied  through  pipes  of  that  metal,  or,  if  so,  to  what 
extent.  Investigations  thus  far  made  with  regard  to  this  subject  have 
shown  that,  while  in  some  cases  certain  waters  do  not  appear  to  dissolve 
lead  from  the  pipes,  in  most  cases  it  is  found  that  lead  is  taken  up  by  the 
water  from  such  pipes.  The  quantity  taken  up  is  in  many  cases  quite 
minute ;  but  in  some  cases  investigated  by  the  Board  it  has  been  found 
that  water  dissolves  lead  from  lead  pipes  in  lai^e  quantities,  and  severe 
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cases  of  lead  poisoning  have  been  caused  by  the  use  of  water  from  public 
water  supplies  drawn  through  lead  pipes. 

Even  if  tests  should  show  that  Great  Pond  water  would  not  take  up  lead 
in  passing  through  lead  pipes  at  the  present  time^  it  is  possible  that  in  the 
fatore  some  change  might  occur  in  the  character  of  the  water  which  would 
eaase  it  to  attack  the  pipe,  or  a  supply  of  water  of  a  different  character 
might,  at  some  time,  be  introduced  from  another  source,  which  might  be 
nnfayorably  affected  by  passing  through  lead  pipes. 

Under  the  circumstances,  the  Board  would  advise  that  you  avoid  the  use 
of  lead  either  for  mains  or  services  in  connection  with  the  proposed  system 
of  water  supply  of  the  town  of  North  Andover. 


NoRTHFiELD.  An  application  was  received,  March  4,  1898,  from 
the  Northfield  Water  Company,  for  the  advice  of  the  Board  relative 
to  a  proposed  water  supply  from  Minot  Brook  and  Warwick  Brook, 
"  for  domestic  use  and  for  the  better  protection  of  the  town  from 
fire."    The  Board  replied  to  this  application  as  follows  :  — 

April  8, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  4,  1898,  an 
application  for  advice  with  reference  to  a  proposed  water  supply  for  the 
town  of  Northfield,  in  which  you  state  that  the  supply  is  to  be  obtained 
from  a  brook  running  between  Hemlock  and  Round  mountains,  known  as 
the  Minot  Brook.  Ton  also  state  that,  should  it  be  necessary  at  a  later 
date  to  increase  this  supply,  you  propose  to  use  so  much  of  the  water  of 
Warwick  Brook,  so  called,  as  may  be  necessary. 

The  Board  has  caused  an  examination  of  the  proposed  sources  of  supply 
to  be  made  by  one  of  its  engineers,  and  has  had  samples  of  the  water  of 
each  of  these  sources  analyzed.  The  water  of  Minot  Brook  is  found  from 
this  analysis  to  be  nearly  colorless,  soft,  and  of  excellent  quality  for  the  pur- 
poses of  a  public  water  supply ;  and,  while  its  quality  may  be  found  to  be 
somewhat  different  at  other  seasons  of  the  year,  it  is  not  probable  that  the 
difference  wQl  be  material.  The  water-shed  of  the  brook  is  free  from 
dwelling-houses,  and  its  waters  do  not  appear  to  be  exposed  to  any  danger 
of  sewage  pollution. 

With  regard  to  the  quantity  of  water  that  can  be  obtained  from  this 
source,  it  is  difficult  to  form  an  estimate  from  an  examination  made  at  this 
season  of  the  year,  since  the  flow  in  the  drier  portion  of  a  dry  season  would 
be  very  much  smaller  than  at  the  present  time  ;  but,  so  far  as  can  be  learned, 
the  flow  of  this  brook  appears  to  be  well  maintained  in  the  summer  season, 
and  it  is  probable  that  by  the  construction  of  a  small  reservoir,  capable  of 
holding  a  few  weeks'  supply  for  the  town,  a  sufficient  quantity  of  water 
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can  be  obtained  f i*om  this  source  for  the  supply  of  the  town  for  several 
years,  at  least,  if  the  growth  is  no  greater  than  it  has  been  in  the  past. 

Warwick  Brook  would  probably  furnish  an  ample  supply  of  water  at  all 
times  without  storage,  but  its  water  has  considerable  color  and  would  be 
of  less  satisfactory  quality  than  that  of  Minot  Brook ;  moreover,  there  are 
several  houses  located  near  this  stream  above  the  place  at  which  it  would 
naturally  be  taken  for  the  supply  of  Northfield,  and  there  would  be  great 
danger  that,  if  this  source  should  be  used  for  the  supply  of  the  town,  the 
health  of  the  people  would  be  endangered  by  sewage  entering  the  stream 
from  these  houses.  It  does  not  appear  to  be  practicable,  except  at  a  large 
expense,  to  prevent  the  danger  of  pollution  of  this  stream  by  sewage,  and 
the  Board  therefore  does  not  advise  its  use  as  a  source  of  water  supply  for 
Northfield. 

There  appear  to  be  other  sources  in  this  region  which,  like  Minot  Brook, 
are  not  exposed  to  pollution  from  population  upon  their  water-sheds,  and 
from  which  it  may  be  practicable  to  obtain  by  gravity  a  further  supply  of 
water  of  good  quality  in  connection  with  Minot  Brook.  Possibly  the  brook 
draining  the  westerly  slope  of  Hemlock  Mountain  and  north  of  the  Minot 
Brook  drainage  area  would  furnish  a  suitable  and  satisfactory  additional 
supply  for  the  town.  The  Board  would  recommend  that  a  further  examina* 
tion  be  made,  with  a  view  to  selecting  a  source  of  suitable  quality  in  case 
the  yield  of  Minot  Brook  should  prove  insufficient  for  the  supply  of  the 
town. 

The  Boai*d  will,  if  you  so  request,  assist  you  in  any  further  investigations 
you  may  wish  to  make  by  making  analyses  of  samples  of  water,  and  will 
give  you  further  advice  in  the  matter  when  you  have  the  results  of  further 
investigations  to  present. 

Pepperell.  An  application  was  received  from  the  selectmen 
of  Pepperell,  Oct.  26,  1897,  for  the  advice  of  the  Board  relative 
to  a  proposed  water  supply  for  the  town  to  be  taken  from  wells  in 
the  valley  of  Sucker  Brook.  The  Board  replied  to  this  application 
as  follows :  — 

March  17, 1896. 

The  State  Board  of  Health  received  from  you,  on  Oct.  26,  1897,  an 
application  for  advice  with  reference  to  a  proposed  water  supply  for  the 
town  of  Pepperell,  with  which  you  submitted  a  report  relative  to  tests  of 
the  ground  in  the  valley  of  Sucker  Brook  in  the  Sartelle  Meadow  and 
above,  by  means  of  tubular  wells,  and  requested  the  advice  of  the  Board 
with  reference  to  taking  a  supply  of  water  for  Pepperell  from  the  ground 
in  this  vicinity. 

The  Board  has  caused  an  examination  of  the  locality  to  be  made  by  its 
engineer,  and  has  caused  a  sample  of  the  water  collected  from  one  of  the 
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weUB  to  be  analyzed.  The  results  of  this  analysis  do  not  differ  materially 
from  the  analyais  of  a  sample  of  water  collected  from  another  well  in  this 
region  three  years  ago;  they  show,  as  stated  in  a  previous  reply,  that 
the  water  is  of  good  quality  except  for  its  hardness,  which  would  render  it 
onsatisfactory  for  some  of  the  purposes  of  a  public  water  supply. 

The  source  now  under  consideration  is  one  of  those  proposed  by  you  in 
yonr  application  of  three  years  ago,  the  plan  proposed  at  that  time  being 
to  ooDstruct  a  well  near  the  right  bank  of  the  Nissitissit  River,  just  below 
the  mouth  of  Sucker  Brook,  and  to  lay  a  pipe  with  open  joints  from  that 
point  to  the  vicinity  of  Sartelle  Meadow,  where  it  was  proposed  to  con- 
Btruct  a  second  well  to  supplement  the  supply.  It  was  suggested  at  that 
time,  in  case  a  sufficient  supply  should  not  be  obtained  from  the  valley  of 
the  brook,  t^at  the  source  might  be  further  supplemented  by  drawing  water 
from  the  valley  of  Gulf  Brook,  the  water-shed  of  which  lies  north-west  of 
that  of  Sucker  Brook.  The  results  of  tests  of  the  ground  in  the  valley  of 
Sucker  Brook  made  at  that  time  and  at  a  subsequent  time  showed  that  ledge 
wss  found  so  near  the  surface  near  the  mouth  of  Sucker  Brook  that  it  was 
impracticable  to  obtain  water  from  the  ground  at  this  place,  except  possi- 
bly in  very  small  quantity ;  and  the  tests  further  up  the  valley  showed  that 
the  conditloDS  for  obtaining  water  freely  from  the  ground  were  not  favor- 
able at  any  place  below  the  SarteUe  Meadow. 

The  recent  tests  were  made  by  drivii^  seven  wells  in  the  valley  of  the 
brook,  one  being  located  in  the  Sartelle  Meadow  and  the  others  between 
the  meadow  and  a  road  which  crosses  Sucker  Brook  about  a  quai'ter  of  a 
mile  above  the  meadow.  The  tests  show  that  water  could  be  obtained  freely 
from  the  well  in  Sartelle  Meadow,  and  with  considerable  freedom  from  three 
of  the  other  wells  nearest  the  meadow ;  but  from  the  upper  three  wells  no 
water  could  be  obtained,  on  account  of  the  fineness  of  the  material,  and  in 
nearly  all  of  the  wells  ledge  was  found  at  no  very  great  depth  beneath  the 
•arfaoe  of  the  ground. 

The  results  of  these  tests  tend  to  confirm  the  opinion  of  the  Board,  ex- 
pressed in  a  previous  reply,  that  the  quantity  of  water  which  could  be 
obtained  from  the  ground  in  the  valley  of  Sucker  Brook  would  not  be  suffi- 
cient for  the  supply  of  the  town  in  the  drier  portion  of  a  dry  year  after  the 
water  sopply  system  comes  into  general  use ;  and  it  does  not  appear,  to  be 
pracUcable  to  supplement  the  supply  from  any  other  source  without  main- 
taining and  operating  two  pumping  plants. 

In  tiie  previous  reply  of  the  Board  with  reference  to  this  subject  it  was 
vuggested  that  you  make  further  tests  in  the  valley  of  Unquetenasset  Brook, 
by  driying  wells  along  the  valley  of  the  brook  to  determine  whether  porous 
•oil  is  foand  beneath  the  surface  in  the  valley  at  any  place  from  which 
water  of  good  quality  could  be  drawn  with  freedom  from  the  ground ;  and 
it  appears,  from  information  submitted  by  you,  that  tests  were  made  in  this 
valley  in  the  spring  of  1897,  between  the  railroad  crossing  near  the  mouth 
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of  the  brook  and  the  Dunstable  Road ;  but  the  conditions  appear  from  the 
report  submitted  by  you  to  be  unfavorable  to  obtaining  water  from  the 
ground  in  this  region,  though,  judging  from  the  location  of  the  test  wells, 
the  area  covered  does  not  include  ail  of  the  valley  of  the  brook  in  which 
the  conditions  may  be  favorable  to  obtaining  water  in  large  quantity  from 
the  ground.  On  account  of  the  snow,  it  has  not  been  possible  to  make  a 
satisfactory  examination  of  this  territory  recently,  to  determine  whether 
further  investigation  in  this  valley  is  desirable. 

In  view  of  the  circumstances,  the  Board  does  not  at  present  advise  that 
you  attempt  to  secure  a  water  supply  from  the  valley  of  Sucker  Brook,  but 
advises  that  you  continue  your  investigations,  and  that  you  secure  the  aid 

ft 

in  this  matter  of  an  engineer  of  experience  in  matters  relating  to  water 
supply.  It  is  desirable  that  these  investigations  include  a  consideration 
of  the  feasibility  of  obtaining  a  ground-water  supply  in  the  vicinity  of 
Baddacook  Pond ;  and  it  may  be  found  advisable  to  make  further  tests 
in  the  valley  of  Unquetenasset  Brook,  for  a  distance  of  at  least  a  mile 
above  the  place  where  the  previous  tests  were  made. 

The  Board  will  give  you  further  assistance  in  this  Investigation  by  mak- 
ing such  analyses  of  the  water  as  is  necessary,  and  will,  upon  application, 
give  you  further  advice  when  you  have  the  results  of  further  investigations 
to  present. 

Pepperell.  The  Board  received  another  application  from  the 
selectmen  of  Pepperell,  Aug.  11,  1898,  for  advice  relative  to  the 
introduction  of  a  public  water  supply  for  that  town.  The  Board  re- 
plied to  this  application  as  follows :  — 

Sbpt.  1, 189S. 

The  State  Board  of  Health  received  from  you,  on  Aug.  11,  1898,  an 
application  for  advice  with  reference  to  a  proposed  water  supply  for  Pep- 
perell, accompanied  by  a  report  giving  a  description  of  certain  tests  made 
by  means  of  tubular  wells  in  the  valley  of  Unquetenasset  Brook.  From 
this  report  it  appears  that  ten  test  wells  were  driven  in  the  valley  of  the 
brook,  at  various  places  between  the  point  where  it  is  crossed  by  the  Dun- 
stable Road  and  the  road  which  crosses  near  Cummings'  Mill,  about  one 
and  one-half  miles  further  up  stream,  but  that  none  of  these  wells  reached 
a  stratum  which  would  furnish  water  in  any  considerable  quantity.  Further 
tests  by  means  of  wells  located  in  the  vicinity  of  a  road  which  crosses  the 
brook  about  three-fourths  of  a  mile  above  Cummings*  Mill  and  two  and 
one-half  miles  south-east  of  the  village  of  East  Pepperell  were  more  favor- 
able. At  this  place  five  wells  were  driven,  three  of  which  penetrated  a 
gravel  stratum  of  a  considerable  depth,  from  which  water  could  be  pumped 
freely  with  a  hand  pump. 

The  Board  has  caused  the  latter  locality  to  be  examined  by  its  engineer, 
and  samples  of  the  water  from  three  of  these  test  wells  to  be  analysed. 
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The  leBolts  show  that  the  water  is  quite  soft,  but  the  samples  contained  an 
excessive  amount  of  iron^  which  would  render  this  water  objectionable  for 
many  domestic  uses.  A  general  examination  has  been  made  of  the  land  in 
this  valley  for  a  long  distance  up  the  brook,  and  the  surface  indications 
appear  to  be  favorable  to  the  absorption  by  the  ground  of  a  large  portion 
of  the  water  which  falls  upon  its  surface,  and  there  are  several  large  springs 
in  the  low  land  in  the  valley.  An  analysis  of  a  sample  of  water  collected 
from  one  of  these  springs  showed  that  the  water  was  clear  and  nearly  color- 
less and  was  also  quite  soft,  the  hardness  of  this  water,  as  well  as  that  of 
the  test  wells  already  referred  to,  being  much  less  than  that  of  the  water 
obtained  from  wells  in  the  valley  of  Sucker  Brook,  where  your  previous 
investigations  were  made.  While  the  water  of  the  test  wells  contained  an 
excessive  amount  of  iron,  the  quantity  of  iron  found  in  the  spring  water 
was  insignificant,  and  it  is  therefore  evident  that  ground  water  free  from 
an  excess  of  iron  can  be  obtained  in  this  valley. 

So  far  as  the  Board  can  judge  from  the  information  which  has  thus  far 
been  submitted,  the  conditions  for  obtaining  a  suitable  supply  of  good 
ground  water  are  more  favorable  in  this  valley  than  at  any  other  place 
within  an  equal  distance  of  Pepperell ;  and  the  Board  would  advise  that 
thorough  tests  be  made  here,  to  determine  definitely  the  feasibility  of  obtain- 
ing a  suitable  supply  of  water  for  the  town.  Such  tests  should  be  made 
under  the  direction  of  an  engineer  of  experience  in  the  design  and  con- 
atiuction  of  works  for  the  collection  of  ground  water. 

If  by  further  examinations  a  gravel  stratum  of  large  depth  and  extent  is 
found,  it  will  be  very  desirable  to  connect  together  several  wells,  and  test 
them  by  pumping  continuously  for  a  period  of  several  days,  at  a  rate  at 
least  as  great  as  would  be  likely  to  be  required  for  the  supply  of  Pepperell 
after  water  comes  into  general  use,  and  to  note  the  effect  of  such  pumping 
upon  the  elevation  of  the  water  in  the  ground,  in  order  to  obtain  infor- 
mation as  to  the  probable  quantity  of  water  that  the  source  will  yield. 
.  Samples  of  water  should  also  be  collected  to  determine  its  quality  before 
pumping,  and  what  changes,  if  any,  take  place  in  the  course  of  the  test. 

The  Board  will,  if  you  so  request,  assist  you  in  further  investigations  by 
making  such  analyses  of  samples  of  water  as  may  be  necessary,  and  will, 
upon  application,  give  you  further  advice  when  you  have  the  results  of 
farther  investigations  to  present. 

BowLET.  The  board  of  health  of  Rowley  applied  to  the  State 
Board  of  Health,  April  16,  1898,  for  its  advice  in  regard  to  the 
quality  of  the  water  of  certain  wells  used  by  the  operatives  in  shoe 
factories  in  that  town.  The  Board  replied  to  this  applicatioQ  as 
follows :  — 
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JviTB  3)  1896. 

The  State  Board  of  Health  received  from  yoa,  on  April  16,  a  oommani- 
cation  relative  to  three  wells  in  the  town  of  Rowley,  the  water  of  which  yoo 
state  is  used  extensively  by  the  public  for  drinking,  and  yon  desire  the 
advice  of  the  Board  as  to  the  quality  of  the  water. 

The  Board  has  caused  the  location  and  surroundings  of  these  wells  to  be 
examined  by  one  of  its  engineers,  and  has  analyzed  two  samples  of  the 
water  from  each  well,  one  on  the  1st  of  March  and  the  second  on  April 
80,  1898. 

The  water  of  the  first  sample,  collected  from  the  Burke  well,  so  called, 
was  found  to  be  clear,  colorless  and  free  from  odor,  and  the  quantity  of 
organic  matter  present  was  not  lai^e.  The  chlorine,  however,  appears  to 
be  above  the  normal  for  the  region,  and  a  considerable  quantity  of  nitrates 
was  present  in  the  sample.  These  results  indicate  that  the  water  has  at 
some  time  been  polluted  by  sewage  and  sabsequently  well  purified  in  its 
passage  through  the  ground.  The  sample  collected  on  April  30  was  slightly 
turbid  and  colored,  but  free  from  odor,  and  the  quantity  of  organic  matter, 
as  represented  by  the  free  and  albuminoid  ammonia,  was  the  same  as  in  the 
first  sample.  The  chlorine  and  nitrates,  however,  were  considerably  higher 
and  the  water  was  much  harder.  So  far  as  chemical  analyses  show,  there 
is  no  indication  that  the  water  of  this  well  is,  in  its  present  state,  injurious 
to  the  health  of  those  who  use  it  for  drinking  or  cooking  purposes ;  but, 
considering  the  comparatively  small  depth  of  the  well  and  the  nearness  of 
several  of  the  sources  of  pollution,  there  is  danger  that  at  some  time  pol- 
luting matter  may  enter  the  weU  without  complete  purification,  and  this 
well  cannot,  therefore,  be  considered  a  safe  source  of  drinking  water. 

A  sample  of  water  from  the  Pickard  well,  so  called,  collected  on  March  1, 
was  found  to  be  slightly  turbid  and  colored,  but  free  from  odor.  The 
water  was  hard,  and  contained  several  times  as  much  mineral  matter  as  the 
Burke  well  and  a  much  larger  quantity  of  organic  matter.  The  quantity 
of  chlorine  and  nitrates  was  also  excessive.  The  second  sample,  collected 
on  April  30,  was  found  to  be  decidedly  turbid  and  more  colored  than  the 
first  sample.  It  also  contained  a  considerably  larger  quantity  of  oi^anic 
matter,  though  the  chlorine  and  nitrates  were  slightly  smaller  than  in  the 
previous  sample.  An  examination  of  the  suiToundings  of  the  well  shows 
the  presence  of  several  privies  and  sink  drains  in  its  immediate  vicinity, 
and  the  analyses  show  that  the  water  has  been  highly  polluted  and  has  not 
been  fully  purified  in  its  passage  through  the  ground  to  the  well.  In  the 
opinion  of  the  Board,  this  well  is  a  dangerous  source  from  which  to  take 
water  for  drinking  or  other  domestic  purposes,  and  its  further  use  should 
be  prevented. 

The  third  well  is  known  as  the  Armitage  well,  which  is  said  to  have  been 
in  use  for  many  years.  Its  surroundings  are  similar  to  those  of  the  other 
wells,  but  the  analyses  show  that  the  water  is  very  hard  and  is  even  more 
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highly  polloied  than  that  of  the  other  wells ;  and,  in  the  opinion  of  the 
Board,  this  well  also  is  a  dangerous  source  from  which  to  take  water  for 
domestic  uses,  and  its  use  should  be  prevented. 

Shsffisld.  a  communication  was  received,  Nov.  13,  1897, 
from  the  Sheffield  Water  Company,  calling  attention  to  an  unusual 
outbreak  of  illness  in  one  of  the  schools  of  that  town,  and  stating 
that  the  illness  had  been  attributed  by  some  persons  to  the  new 
public  water  supply,  and  at  the  same  time  requesting  an  examinsr 
tion  of  the  water  by  the  State  Board  of  Health.  The  Board  caused 
an  examination  to  be  made,  and  replied  as  follows :  — 

Mabcb  4, 1896. 

The  State  Board  of  Health  received  from  you,  on  November  13,  a  com- 
monication  calling  attention  to  cases  of  illness  in  one  of  the  schools  of 
Sheflleld,  which  appears  to  have  been  attributed  by  some  persons  to  the 
water  supplied  from  the  new  system  of  works  installed  last  fall. 

The  Board,  upon  receipt  of  your  letter,  caused  an  examination  to  be 
made  of  the  sources  of  water  supply  of  the  town  and  of  the  locality  in 
whidi  the  schools  were  situated,  and  from  this  examination  it  appeared 
that  the  school  children  in  the  two  school  buildings  located  in  the  centre 
of  the  village  were  all  supplied  with  water  from  the  public  works  by  the 
same  pipe;  hot  the  cases  of  illness  were  practically  all  confined  to  the 
children  in  the  room  occupied  by  the  primary  school,  while  there  was  only 
one  eaae  in  the  other  room  in  this  building,  and  none  at  all  among  those 
in  the  other  building  near  by,  which,  as  already  stated,  was  supplied  with 
water  through  the  same  pipe.  These  conditions  point  to  infection  of  the 
children  of  the  primary  school  from  some  cause  which  affected  the  condi- 
tioa  of  the  children  of  the  other  room  in  this  building  but  slightly,  and  had 
DO  effect  at  all  on  those  of  the  grammar  and  high  schools. 

Since  there  appeared  to  be  some  doubt  as  to  the  exact  nature  of  the 
disease,  which  was  thought  to  be  malarial,  the  Board  has  sought  further 
evidence  on  this  point,  but  none  has  been  obtained. 

The  sources  of  water  supply  were  examined,  and  no  evidence  was  found 
of  the  possible  infection  of  the  source  from  which  the  supply  was  then 
being  drawn.  It  does  not  appear  to  the  Board  that  there  is  any  evidence 
that  the  diaease  was  due  to  infection  of  the  water  supply. 

South  Habley.  The  water  commissioners  of  the  fire  district 
of  South  Hadley  Falls  applied  to  the  Board,  July  25,  1898,  for 
advice  relative  to  a  bad  taste  and  odor  in  their  water  supply,  and 
the  best  method  of  improving  the  quality  of  the  water.     They  also 
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asked  whether  the  condition  of  tiie  water  would  make  it  injurious 
to  the  health  of  persons  using  it.     The  Board  replied  as  follows :  — 

Sbtt.  8, 188S. 

The  State  Board  of  Health  received  from  you,  on  August  4,  a  communi- 
cation stating  that  the  water  of  Leaping  Well  reservoir  has  a  strong  odor 
and  bad  taste,  and  requesting  the  Board  to  make  an  examination  of  the 
water  and  to  advise  yon  as  to  means  by  which  the  quality  of  the  water  may 
be  improved.  You  also  request  information  as  to  whether  there  is  any 
thing  in  this  water  that  would  affect  or  be  injurious  to  the  health  of  the 
community. 

The  Board  has  caused  the  reservoir  and  its  surroundings  to  be  examined 
by  one  of  its  engineers,  and  has  caused  samples  of  the  water  of  the  reser- 
voir and  of  the  water  of  the  brook  which  feeds  it  to  be  analyzed,  both 
chemically  and  microscopically.  The  results  of  these  analyses,  taken  in 
connection  with  the  results  of  similar  examinations  of  water  from  this 
source  made  in  previous  years,  show  that  the  quality  of  the  water  is  un- 
favorably affected,  especially  in  the  summer  season,  by  the  presence  of 
large  numbers  of  microscopical  organisms,  of  kinds  which  are  known  to 
impart  to  water  a  disagreeable  taste  and  odor.  The  cause  of  the  recent 
bad  taste  and  odor  of  the  water  has  evidently  been  the  presence  of  large 
numbers  of  the  organism  Andbama.  While  the  presence  of  such  organisms 
in  large  numbers  often  renders  a  water  disagreeable  for  drinking  and  other 
domestic  uses,  it  is  not  known  that  waters  affected  in  this  way  are  injurious 
to  health. 

An  examination  of  the  water-shed  of  the  reservoir  shows  that  the  soil 
is  sandy,  and  the  indications  are  that  a  large  proportion  of  the  water  fall- 
ing upon  the  surface  sinks  into  the  ground,  and,  after  percolation  through 
the  8oU,  enters  the  reservoir,  or  the  brook  which  feeds  it,  in  the  form  of 
springs.  An  analysis  of  a  sample  of  the  water  of  the  brook  which  appears 
to  form  the  main  feeder  of  the  reservoir  shows  that  the  water  \a  practically 
clear  and  colorless,  and  contains  only  a  very  small  amount  of  organic 
matter,  as  compared  with  the  water  which  has  been  standing  in  the  reser- 
voir. It  is  well  known  that  ground  water,  such  as  that  which  enters  the 
reservoir,  very  quickly  deteriorates  when  exposed  to  the  action  of  the  sun- 
light by  storage  in  an  open  reservoir ;  and,  Judging  from  experience  with 
such  sources,  the  water  of  the  Leaping  Well  reservoir  \b  likely  to  continue 
to  give  trouble  at  times  from  disagreeable  tastes  and  odors  for  an  indefinite 
period. 

The  appearance  of  the  surface  of  the  ground  in  the  vicinity  of  the  reser- 
voir indicates  that  the  soil  may  be  coarse  and  porous  to  a  considerable 
depth;  and,  if  this  is  the  case,  it  may  be  practicable,  by  constructing 
filter-galleries  or  simUar  works  in  the  vicinity  of  the  shores  of  the  reser- 
voir, to  obtain  a  large  proportion,  if  not  all,  of  the  yield  of  this  source  by 
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filtration  throagh  the  ground,  and  at  the  same  time  to  secare  a  water  free 
from  color,  taste  or  odor,  which  will  not  deteriorate  if  kept  from  exposure 
to  light,  and  which  can  probably  be  conveyed  to  the  town  through  the 
present  system. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  you  cause 
tests  to  be  made  in  the  vicinity  of  the  reservoir,  by  means  of  tubular  wells, 
to  determine  the  character  of  the  soil  and  the  probable  quantity  of  water 
to  be  obtained  from  the  ground.  If  the  material  is  very  coarse  and  porous, 
it  is  desirable  that  works  for  collecting  ground  water  be  located  as  much 
AS  100  feet  from  the  shore  of  the  reservoir,  to  reduce  as  much  as  possible 
the  danger  of  imperfectly  filtered  water  from  the  reservoir  finding  its  way 
to  the  collecting  works.  It  is  very  desirable  that  investigations  and  plans 
for  improving  the  quality  of  the  water  be  made  under  the  direction  of  an 
engineer  of  experience  in  such  matters. 

The  Board  will  assist  you  in  these  investigations,  if  you  desire,  by  mak- 
ing analyses  of  samples  of  water,  and  will,  upon  application,  give  you 
further  advice  in  the  matter  when  you  have  the  results  of  further  investi- 
gations to  present. 


Waseham.  An  application  was  received,  Jan.  17,  1898,  from 
Mr.  Joseph  K.  Nye,  for  the  advice  of  the  Board  relative  to  a  pro- 
posed extension  of  the  water  supply  of  Onset  to  that  part  of  the 
town  of  Wareham  known  as  the  Narrows,  using  for  the  purpose  the 
water  of  Sandy  Pond,  also  known  as  Jonathan's  Pond,  in  that  town, 
the  present  source  of  supply  of  Onset.  The  Board  replied  as 
follows :  — 

Fbb.  3, 1898. 

The  State  Board  of  Health  received  from  you,  on  Jan.  17,  1898,  an 
application  for  advice  with  reference  to  a  proposed  water  supply  for  a  por- 
tion of  the  town  of  Wareham,  in  which  you  state  that  it  is  proposed  to 
extend  the  present  works  of  the  village  of  Onset  in  that  town  into  the 
portion  of  the  town  known  as  Wareham  Narrows,  using,  as  the  source  of 
supply,  Sandy  Pond,  also  known  as  Jonathan's  Pond,  the  present  source 
of  supply  of  the  village  of  Onset 

Several  chemical  analyses  of  the  water  of  Jonathan's  Pond  have  been 
made  since  the  works  for  supplying  the  village  of  Onset  were  constructed, 
in  1894,  and  the  results  have  shown  that  the  water  has  been  very  soft,  and 
otherwise  of  good  quality  for  the  purposes  of  a  public  water  supply. 

The  works  for  supplying  the  village  of  Onset  have  been  in  use  for  a 
period  of  four  years,  and  the  quantity  of  water  used  during  the  year  Just 
ended,  according  to  information  furnished  by  you,  averaged  only  18,000 
gallons  per  day.    While,  as  already  stated  in  a  previous  communication  of 
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tlie  Board  with  reference  to  this  subject,  the  limits  of  the  territory  which 
contribates  to  the  supply  of  Jonathan's  Pond,  either  by  direct  flow  over  the 
surface  or  by  filtration  under  ground  through  the  sandy  territory  in  which 
the  pond  is  situated,  are  not  well  defined,  the  indications  are,  that,  con- 
sidering the  small  quantity  of  water  used  by  Onset  at  present,  the  yield  of 
the  pond  will  be  sufiScient  to  supply  both  Onset  Village  and  the  territory 
to  which  you  now  propose  to  extend  the  works  for  several  years  in  the 
future.  There  appear  to  be  other  sources  in  this  i^ion  which  might  furnish 
a  larger  supply  of  good  water ;  but  it  will  probably  be  best,  on  the  whole, 
to  use  the  present  works  as  long  as  the  supply  proves  sufiScient  for  the  pur- 
pose, rather  than  to  take  water  from  a  new  source. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  Jonathan's 
Pond  is  a  suitable  source  from  which  to  take,  for  the  pi^sent,  a  supply  of 
water  for  both  Onset  and  the  village  of  Wareham  Narrows,  to  which  you 
now  propose  to  extend  the  works. 

Weston.  An  application  was  received,  Feb.  14,  1898,  from  Mr. 
C.  W.  Hubbard  of  Weston,  for  the  advice  of  the  Board  relative  to 
a  proposed  water  supply  for  a  small  part  of  Weston,  at  the  same 
time  suggesting  that  the  supply  be  taken  from  the  existing  water 
works  of  Wellesley.  The  Board  replied  to  this  application  as 
follows :  — 

March  4, 189S. 

The  State  Board  of  Health  has  considered  your  communication  of 
February  14,  relative  to  a  water  supply  for  a  small  district  in  the  south- 
easterly portion  of  Weston,  in  which  you  suggest  taking  a  supply  from  the 
works  of  the  town  of  Wellesley,  one  of  the  main  pipes  of  which  works,  you 
state,  extends  to  within  less  than  1,000  feet  of  the  boundary  line  between 
Wellesley  and  Weston,  in  the  vicinity  of  the  district  which  you  propose  to 
supply.  You  state,  also,  that  your  water  tower  holds  100,000  gallons,  and 
was  built  at  an  even  level  with  the  Wellesley  reservoir. 

Under  these  conditions  it  is  possible  that  a  suflScient  supply  for  your 
works  would  flow  to  the  stand-pipe  from  the  works  of  the  town  of  Wellesley, 
if  the  consumption  from  the  Wellesley  main  is  not  such  that  there  is  a  lai*ge 
loss  of  head  in  the  passage  of  the  water  through  the  Wellesley  mains  and 
the  main  leading  to  your  stand-pipe.  The  water  furnished  by  the  filter- 
gallery  and  the  well  of  the  Wellesley  water  works  at  Williams  Spring,  so 
called,  is  of  good  quality  for  drinking  and  other  domestic  uses,  but  the 
quantity  of  water  which  these  sources  have  furnished  in  the  past  has  been 
insufl^cient  for  the  supply  of  the  town  at  all  times.  It  is  understood,  how- 
ever, that  the  town  of  Wellesley  has  recently  completed  additional  works 
for  obtaining  water  from  the  ground,  and  that  a  new  covered  reservoir  has 
also  been  built.     Under  the  circumstances,  it  may  be  practicable  for  the 
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town  to  famish  yoa  an  adequate  supply  of  good  water  in  addition  to  the 
amount  that  is  needed  for  the  supply  of  its  present  system ;  and,  if  this  is 
the  ease,  the  Board  can  see  at  present  no  objection,  if  mutually  satisfactory 
amngements  can  be  made,  to  the  plan  of  supplying  the  portion  of  Weston 
referred  to  from  the  works  of  the  town  of  Wellesley,  and  is  of  the  opinion 
that  the  proposed  source  would  be  an  appropriate  one  for  the  portion  of 
Weston  which  it  is  proposed  to  supply  from  it. 

West  Springfield.  An  application  was  received  from  the  water 
commissioners  of  West  Sprin^eld,  Nov.  12,  1897,  for  the  advice 
of  the  Board  relative  to  increasing  their  supply.  The  Board  replied 
to  this  application  as  follows :  — 

Feb.  4, 189S. 

The  State  Board  of  Health  received  from  you,  on  Nov.  12,  1897,  an 
application  for  advice  as  to  increasing  the  water  supply  of  West  Spring- 
field, in  which  you  state  that,  application  having  been  made  by  the  Boston 
&  Albany  Railroad  Company  for  a  supply  of  water  for  its  use,  an  increase 
of  the  capacity  of  the  town's  water  plant  will  be  necessary  in  order  to  fur- 
nish a  permanent  supply,  and  that  you  are  considering  the  plan  of  taking 
either  Hyde  Brook  or  the  Massasoit  (also  known  as  Bear  Hole)  Spring, 
and  connecting  the  new  source  with  the  present  reservoir.  You  also  state 
that,  if  the  water  is  satisfactory,  probably  Hyde  Brook  would  be  the  most 
practical  source,  under  existing  conditions.  It  is  understood  that  the 
quantity  of  water  that  will  be  required  to  supply  the  Boston  &  Albany  Rail- 
road may  be  in  the  vicinity  of  200,000  gallons  per  day. 

No  records  of  the  consumption  of  water  in  the  town  are  kept,  and  it  is 
not  practicable  to  determine  definitely  the  capacity  of  the  present  sources 
of  supply,  but,  owing  to  the  small  size  of  the  water-sheds,  it  is  not  probable 
that  they  will  furnish  enough  water  to  supply  the  town  in  the  drier  portion 
of  a  dry  year. 

The  Board  has  caused  the  proposed  sources  of  supply  and  other  possible 
sources  in  the  neighborhood  to  be  examined  by  one  of  its  engineers,  ^nd 
samples  of  the  water  of  these  sources  have  been  analyzed.  The  water  of 
Hyde  Brook  is  somewhat  colored ;  and  it  is  not  feasible  to  tell  from  these 
examinations,  which  were  made  at  times  when  the  flow  of  the  brook  was 
high,  what  the  quality  of  the  water  may  be  in  the  drier  portion  of  the  year, 
though,  so  far  as  can  be  judged,  they  indicate  that  the  quality  of  the  water 
is  likely  to  be  fairly  good,  and  the  source  does  not  appear  to  be  exposed 
to  pollution  by  sewage  at  the  present  time.  This  source  has  the  advantage 
that  its  water  could  be  used  in  connection  with  the  present  source  by 
gravity ;  but  the  flow  of  the  stream  is  not  known,  though,  judging  from 
the  small  size  of  its  water-shed,  as  measured  from  the  State  map,  it  is  not 
probable  that  it  would  furnish  a  sufficient  additional  supply  for  the  town, 
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if  water  is  also  supplied  to  the  railroad,  as  proposed,  without  storage. 
From  a  general  examination  of  the  water-shed,  there  does  not  appear  to  be 
a  favorable  site  for  a  large  storage  reservoir. 

The  water  of  Massasoit  Spring  is  of  excellent  quality,  and,  while  it  is 
somewhat  hard,  its  hardness  might  not  be  very  objectionable  if  the  water 
be  mixed  with  that  of  the  present  source.  The  water  of  Bear  Hole,  or 
Black  Brook,  which  flows  near  this  spring,  and  forms  also  the  outlet  of 
Ashley  Pond,  one  of  the  sources  of  supply  of  the  city  of  Holyoke,  may  be 
of  suitable  quality  for  water  supply  purposes,  though  it  is  not  practicable 
to  make  a  definite  statement  with  regard  to  the  quality  of  this  source,  from 
the  limited  investigations  thus  far  made.  No  measurements  of  the  flow 
of  the  spring  or  brook  in  the  drier  portion  of  the  year  have  been  made,  but 
it  is  possible  that  careful  investigation  would  show  that  a  sufficient  addi- 
tional supply  for  West  Springfleld  could  be  obtained  from  these  sources, 
though  it  might  be  found  less  expensive  to  pump  the  water  than  to  supply 
it  by  gravity. 

Examinations  have  also  been  made  of  Pepper  Brook,  the  water-shed  of 
which  is  contiguous  to  that  of  Hyde  Brook  on  the  south,  and  of  Block 
Brook,  the  water-shed  of  which  lies  between  the  water-shed  of  Darby 
Brook,  your  present  source,  and  Bear  Hole  or  Black  Brook,  already  re- 
ferred to.  Pepper  Brook  would  probably  furnish  a  water  of  similar  quality 
to  that  of  Hyde  Brook,  though  somewhat  harder,  and  its  water  could  prob- 
ably be  used  in  connection  with  that  of  Hyde  Brook  by  gravity ;  but,  in 
the  absence  of  any  knowledge  as  to  the  quantity  of  water  flowing  in  this 
brook  in  the  drier  portion  of  the  year,  it  is  not  feasible  to  teU  whether  it 
would  furnish,  in  connection  with  Hyde  Brook,  a  sufficient  additional  sup- 
ply for  the  town  and  railroad  at  all  times,  though,  Judging  from  the  small 
size  of  the  water-sheds  of  these  brooks,  it  is  not  probable  that  they  would 
furnish  all  the  water  required,  unless  additional  storage  can  be  provided. 

Block  Brook  appears  to  be  at  such  an  elevation  that  its  water  could  be 
turned  into  the  water-shed  of  Darby  Brook,  your  present  source,  by  grav- 
ity, and  the  area  of  its  water-shed  at  the  place  where  it  might  be  diverted 
is  twice  as  large  as  those  of  Hyde  and  Pepper  brooks  combined.  But  there 
appear  to  be  considerable  areas  of  swampy  land  within  the  water-shed  of 
this  brook,  and  analyses  of  samples  of  its  water  show  that  it  is  highly  colored 
and  contains  a  large  amount  of  organic  matter,  so  that  its  water  would  prob- 
ably be  objectionable  for  domestic  uses. 

In  order  to  determine  which  will  be  the  most  economical  and  otherwise 
satisfactory  source  or  sources  of  additional  supply  for  the  town,  it  is  neces- 
sary that  you  make  further  investigations,  in  order  to  determine  the  prob- 
able quantity  and  quality  of  water  that  the  various  sources  may  be  depended 
upon  to  yield  in  connection  with  the  present  works,  and  the  probable  cost 
of  works  for  obtaining  a  sufficient  additional  supply  of  water  for  the  town 
from  the  sources  which  are  found  to  be  available.     In  order  to  obtain  such 


Xo.  34.]        ADVICE  TO   CITIES   AND   TOWNS.  57 

iDformation  as  is  necessary  to  determine  the  best  practicable  method  of 
increasing  yonr  water  supply,  the  Board  would  advise  that  you  employ  an 
engineer  of  experience  in  matters  relating  to  water  supply  to  make  the 
necessary  inyestigations. 

The  Board  will,  upon  application,  assist  you  in  such  further  investi- 
gations as  you  may  decide  to  make,  by  making  analyses  of  samples  of 
water,  and  will  give  you  further  advice  in  the  matter  when  you  have  the 
results  of  further  investigations  to  present. 

West  Sprinofield.  The  Board  of  Health  of  West  Springfield 
applied  to  the  State  Board  of  Health,  March  17,  1898,  requesting 
the  opinion  of  the  Board  with  reference  to  a  proposed  plan  of  using 
the  water  of  the  Agawam  or  Westfield  River  in  that  town,  in  case 
of  necessity,  for  extinguishing  fires,  the  water  to  be  pumped  into 
the  pipes  of  the  public  water  supply.  The  Board  replied  to  this 
q)plication  as  foUows :  — 

April  7, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  19,  1898,  a 
oommnnication  requesting  the  opinion  of  the  Board  as  to  the  advisability 
of  making  a  connection  between  a  pump  in  a  paper  mill  in  the  village  of 
Mittineague  and  the  water  supply  pipes  in  that  village,  in  order  that  at 
times  of  fire  an  extra  supply  of  water  may  be  obtained  and  greater  pressure 
secured  than  is  fnmished  by  the  present  system,  by  pumping  water  from 
a  canal  leading  from  the  Agawam  or  Westfield  River  into  the  water  pipes 
in  the  village. 

The  Westfield  River  now  receives  the  sewage  of  all  of  the  thickly  settled 
portions  of  the  town  of  Westfield,  which,  at  the  last  census,  had  a  popula- 
tion of  10,663.  The  sewage  is  discharged,  directly  into  the  river,  without 
treatment,  chiefly  at  a  point  about  7  miles  above  the  village  of  Mittineague, 
and  the  water  of  the  river  at  the  place  at  which  it  is  proposed  to  take  it 
would  be  very  dangerous  for  drinking.  If  the  proposed  connection  should 
be  made,  it  might  be  found  necessary  or  desirable  to  use  the  water  at  times 
for  periods  of  several  hours,  and  in  consequence  of  this  use  the  river  water 
might  flow  through  a  considerable  portion  of  the  pipe  system,  and  be  used 
for  drinking  by  many  of  the  people  of  the  village  at  such  times.  More- 
over, contamination  from  this  source  might  remain  in  the  pipes  for  a  con- 
siderable time,  even  if  they  should  be  thoroughly  flushed  after  the  necessity 
for  pumping  water  from  the  canal  had  passed. 

The  Board,  therefore,  advises  that  the  introduction  of  water  from  the 
Westfield  River  into  the  water  supply  pipes  of  the  town  should  be  avoided, 
by  all  means. 

West  Springfield.  An  application  was  received  from  the  water 
oommissioners  of  West  Springfield,  May  8,  1898,  for  the  advice 
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of  the  Board  in  relation  to  the  quality  of  the  public  water  supply 
of  that  town.     The  Board  replied  to  this  application  as  follows :  — 

JuNB  3, 1896. 

The  State  Board  of  Health  received  from  you,  on  May  8,  a  communica- 
tion requesting  an  investigation  and  advice  as  to  the  quality  of  the  water 
supplied  to  the  town  of  West  Springfield  from  the  present  works. 

In  response  to  this  request  the  Board  has  caused  an  examination  of  the 
sources  of  supply  to  be  made  by  one  of  its  engineers,  and  has  examined 
the  results  of  several  analyses  of  samples  of  water. 

The  results  of  analyses  of  samples  of  water  from  the  reservoir  show  that 
the  water  is  slightly  colored  and  that  it  often  has  a  vegetable  and  some- 
times a  disagreeable  odor,  and  that  it  contains  at  some  seasons  of  the  year 
a  considerable  amount  of  organic  matter.  This  organic  matter  is  largely 
in  suspension  in  the  form  of  microscopical  organisms,  and  an  examination 
of  the  reservoir  shows  that  many  of  the  latter  Algse  also  grow  in  this 
water. 

A  large  quantity  of  ground  water  is  diverted  into  the  reservoir  from  a 
spring  in  another  water-shed,  and  it  is  probable  that  a  considerable  quantity 
of  ground  water  enters  it  from  its  own  water-shed.  It  is  known  that 
organisms  of  various  sorts  thrive  in  ground  water  when  exposed  to  light 
in  an  open  reservoir,  and  it  is  probable  that  to  this  cause  is  due  a  large 
portion  of  the  organic  growths  in  this  reservoir. 

The  presence  of  such  organisms  as  have  been  found  in  this  water  makes 
it  very  objectionable  in  appearance,  taste  and  odor,  but  it  is  not  known 
that  these  organisms  have  an  injurious  effect  upon  the  health  of  those  who 
may  use  the  water  for  drinking  or  cooking  purposes.  The  reservoir  does 
not  appear  to  be  exposed  to  pollution  by  sewage. 

If  the  soil  about  the  shores  of  the  reservoir  is  of  gravel  or  coarse  sand, 
it  might  be  possible  to  construct  filter-galleries  or  wells  near  the  shores  of 
the  reservoir,  and  secure  in  this  way  practically  all  of  the  water  which  this 
source  is  capable  of  yielding ;  but  the  capacity  of  the  present  works  is 
insufficient  to  meet  all  requirements,  and  it  is  understood  that  investigations 
are  at  present  being  made  with  reference  to  an  additional  water  supply  for 
the  town.  Under  the  circumstances,  it  will  probably  be  best,  in  selecting 
a  source  of  supply,  to  secure  one  which  will  furnish  a  sufficient  quantity  of 
water  to  make  it  possible  to  avoid  the  use  of  the  present  reservoir,  except- 
ing at  times  when  the  quality  of  the  water  is  satisfactory. 

Analyses  of  samples  of  water  collected  from  the  well  used  to  supply  the 
village  of  Mittineague  show  that  this  water  has  at  some  time  been  polluted 
by  sewage  and  subsequently  well  purified  in  its  passage  through  the  ground, 
so  that  the  water,  as  shown  by  these  analyses,  is  of  good  quality  for  the 
purposes  of  a  public  water  supply.  The  pollution  is  probably  due  to  houses 
and  barns  located  at  a  considerable  distance  from  the  well,  the  drainage 
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from  wfaieh  probably  finds  its  way  into  the  well.  K  proper  care  is  exer- 
cised in  the  disposal  of  sewage  from  these  buildings,  and  there  is  no  con- 
siderable increase  in  population  in  this  region,  it  is  not  pi*obable  that  the 
baildings  will  cause  any  material  injury  to  the  water  of  the  well. 

West  Springfield.  Another  application  was  received  from  the 
water  commissioners  of  West  Springfield,  Aug.  23,  1898,  for  the 
advice  of  the  State  Board  of  Health  with  reference  to  the  protection 
and  enlargement  of  the  sources  of  water  supply  of  the  town.  The 
Board  replied  to  this  application  as  follows :  — 

Sbpt.  22, 1898. 

The  State  Board  of  Health  received  from  you,  on  Aug.  23, 1898,  a  com- 
manication  requesting  its  advice  with  reference  to  the  protection  and 
enlargement  of  the  source^  of  water  supply  of  the  town  of  West  Spring- 
field, in  which  your  proposed  plans  are  outlined  as  follows :  — 

The  town  by  vote  at  a  recent  meeting  referred  the  matter  of  "  protection  of 
sources  of  present  water  supply  ^^  to  the  commissioners.  The  board  has  decided 
OD  a  plan  to  recommend  to  the  town  for  adoption.  A  line  has  been  run  out  around 
the  land  we  propose  taking,  also  the  outline  for  another  reservoir  above  the 
present  one.  A  plan  and  description  of  same  is  nearly  completed  by  the  engi- 
Been.  We  ask  that  your  Honorable  Board  will  send  an  agent  to  view  the  premises 
as  soon  as  convenient,  that  your  Board  may  take  as  early  action  on  the  matter  as 
possible.  We  desire  a  report  from  your  Board  before  calling  a  special  meeting 
of  the  town  to  act  on  our  report  if  your  recommendations  are  satisfactory  all 
annmd,  it  is  desirable  to  begin  the  work  at  the  earliest  possible  time,  that  the  town 
may  receive  the  benefits  in  the  spring. 

You  have  also  submitted  a  plan  showing  the  outline  of  your  present 
reservoir,  the  outline  of  a  new  reservoir  which  you  propose  to  construct 
apon  Darby  Brook  by  building  a  dam  at  the  roadway  which  crosses  the 
brook  at  the  head  of  your  present  reservoir,  and  the  outline  of  lands  which 
yoa  propose  to  take  about  the  new  reservoir.  You  also  propose  to  enlarge 
year  present  resc^oir  by  increasing  the  height  of  the  dam  so  as  to  raise 
the  surface  at  high  water  4  feet  above  its  present  level. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  proposed  plans. 

It  is  evident  that  your  present  sources  are  inadequate  to  supply  the  large 
amount  of  water  used  for  mechanical  purposes,  in  addition  to  the  quantity 
required  for  ordinary  domestic  and  public  uses  and  that  an  additional 
supply  is  necessary. 

The  quality  of  the  water  of  your  present  reservoir  is  at  times  objection- 
able for  drinking  and  other  uses,  on  account  of  disagreeable  tastes  and 
odors ;  and^  in  response  to  a  request  made  by  you,  in  May  of  the  present 
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year,  for  an  investigation  and  advice  as  to  the  quality  of  your  water  supply,, 
the  Board  replied  as  follows :  — 


The  results  of  analyses  of  samples  of  water  from  the  reservoir  show  that  the 
water  is  slightly  colored  and  that  it  often  has  a  vegetable  and  sometimes  a  dis- 
agreeable odor,  and  that  it  contains  at  some  seasons  of  the  year  a  oonsidenible 
amount  of  organic  matter.  This  organic  matter  is  largely  in  suspension  in  the 
form  of  microscopical  organisms,  and  an  examination  of  the  reservoir  shows  that 
many  of  the  larger  Algae  also  grow  in  this  water. 

A  large  quantity  of  ground  water  is  diverted  into  the  reservoir  from  a  spring  in 
another  water-shed,  and  it  is  probable  that  a  considerable  quantity  of  ground  water 
enters  it  from  its  own  waternihed.  It  is  known  that  organisms  of  various  sorts 
thrive  in  ground  water  when  exposed  to  light  in  an  open  reservoir,  and  it  is  prob- 
able that  to  this  cause  is  due  a  large  portion  of  the  organic  growtiis  in  this 
reservoir. 

The  presence  of  such  organisms  as  have  been  found  in  this  water  makes  it  very 
objectionable  in  appearance,  taste  and  odor,  but  it  is  not  known  that  these  organisms 
have  an  ix^urious  effect  upon  the  health  of  those  who  may  use  the  water  for  drink- 
ing or  cooking  purposes.  The  reservoir  does  not  appear  to  be  exposed  to  pollution 
by  sewage. 

If  the  soil  about  the  shores  of  the  reservoir  is  of  gravel  or  coarse  sand,  it  might 
be  possible  to  construct  fQter-galleries  or  wells  near  the  shores  of  the  reservoir, 
and  secure  in  this  way  practically  all  of  the  water  which  this  source  is  capable  of 
yielding ;  but  the  capacity  of  the  present  works  is  insufficient  to  meet  all  require- 
ments, and  it  is  understood  that  investigations  are  at  present  being  made  with 
reference  to  an  additional  water  supply  for  the  town.  Under  the  circumstances, 
it  will  probably  be  best,  in  selecting  a  source  of  supply,  to  secure  one  which  will 
furnish  a  sufficient  quantity  of  water  to  make  it  possible  to  avoid  the  use  of  the 
present  reservoir,  excepting  at  times  when  the  quality  of  the  water  is  satisfactory. 

By  the  plan  you  now  propose,  a  larger  quantity  of  water  would  be  stored 
in  reservoirs  exposed  to  the  light  than  is  the  case  at  present,  and  the  water 
would  be  exposed  to  the  light  for  a  longer  time.  There  would  be,  by  this 
plan,  no  material  change  in  the  character  of  the  water  entering  the  reser- 
voirs, and,  under  the  circumstances,  it  is  probable  that  the  water  of  these 
sources  would  be  affected  by  the  presence  of  iai'ge  numbers  of  organisms, 
and  would  be  objectionable  at  times  on  account  of  disagreeable  tastes  and 
odors.  Moreover,  while  the  construction  of  the  proposed  new  reservoir 
and  the  raising  of  the  height  of  your  present  reservoir  would  increase  con* 
siderably  the  available  supply  from  Darby  Brook,  it  is  not  probable  that, 
even  with  this  increase,  the  quantity  of  water  which  these  sources  would 
furnish  in  a  dry  year  would  be  sufficient  to  supply  all  of  the  water  that  the 
town  will  require  if  you  continue  to  supply  water  for  other  than  ordinary 
domestic  and  public  uses. 

Under  the  circumstances,  the  Board  does  not  at  present  advise  the  en- 
largement of  your  supply  by  the  construction  of  a  new  reservoir  and  the 
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increaae  in  the  storage  capacity  of  your  present  reservoir,  as  you  now 
propose. 

In  reply  to  an  application  with  reference  to  increasing  your  water  sup- 
ply, under  date  of  Feb.  4, 1898,  the  Board  advised  that,  in  order  to  obtain 
such  information  as  is  necessary  to  determine  the  best  practicable  method 
of  increasing  your  water  supply,  you  employ  an  engineer  of  experience  in 
matters  relating  to  water  supply  to  make  the  necessary  investigations. 
There  appear  to  be  several  sources  in  the  vicinity  of  West  Springfield 
from  which  a  laige  supply  of  good  water  may  be  obtained,  and,  in  the 
q)iaion  of  the  Board,  it  will  be  for  the  interests  of  the  town,  before  mak- 
ing a  large  outlay  for  increasing  and  protecting  its  sources  of  water  sup- 
ply, to  determine  beforehand,  as  definitely  as  possible,  the  most  appropriate 
source  from  which  a  further  supply  of  water  can  be  obtained,  having  in 
view  the  present  needs  and  probable  future  requirements  of  the  town ;  and 
the  Board  woald  again  urge,  before  any  steps  are  taken  for  enlarging  the 
supply,  that  a  thorough  investigation  be  made,  under  the  direction  of  an 
eogioeer  of  experience  in  matters  relating  to  water  supply. 

The  Board  would  again  state  that  it  will  assist  you  in  such  an  investiga- 
tion by  making  any  further  analyses  of  the  various  possible  sources  of 
supply  that  may  be  necessary,  and  will,  upon  application,  give  you  further 
advice  when  you  have  the  results  of  further  investigations  to  present. 

Whitman.  An  application  was  received  from  the  water  commis- 
sioners of  Whitman,  Nov.  18,  1898,  for  the  advice  of  the  Board 
relatiye  to  the  propriety  of  taking  the  water  of  Maquam  Pond  as  a 
source  of  supply  for  the  town,  instead  of  the  present  source.  The 
Board  replied  to  this  application  as  follows :  — 

Jan.  5, 1888. 

The  State  Board  of  Health  received  from  you,  on  Nov.  18,  1898,  an 
tpi^ication  for  advice  with  reference  to  a  proposed  source  of  water  sup- 
ply for  the  town  of  Whitman,  in  which  you  state  that  you  propose  to  take 
water  from  Maquam  Pond,  located  in  the  town  of  Hanson,  about  5  miles 
from  Whitman.  You  also  state  that,  while  Maquam  Pond  is  not  large, 
joa  believe  that  it  will  furnish  a  supply  ot.  water  for  Whitman  for  many 
yean  in  the  future,  and  that  it  can  be  supplemented,  when  necessary,  by 
other  sources  at  a  greater  distance  from  the  town.  It  appears  that  the 
average  daily  consumption  of  water  in  Whitman  during  1898  has  been 
less  than  150,000  gallons,  and  that  the  population  of  the  town  may  be 
about  6,500.  The  proposed  new  supply  will  take  the  place  of  the  Purees 
now  used,  which  furnish  water  which  is  not  only  of  very  poor  quality,  but 
is  unsafe  for  drinking,  on  account  of  pollution  by  sewage. 

The  question  as  to  whether  Maquam  Pond  is  a  suitable  source  of  water 
supply  for  Whitman  was  considered  by  this  Board  in  response  to  an  ap- 
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plication  from  year  board  in  1898 ;  and  on  May  4, 1898,  after  an  ezamiiia- 
tiou  of  this  pond  and  other  sources  in  the  vicinity,  the  Board  adrised  as 
follows  with  reference  to  the  capadty  of  Maquam  Pond :  — 

It  is  not  feasible  to  tell,  from  the  information  at  present  available,  whether  or 
not  Maquam  Pond  will  furnish  sufficient  water  to  meet  the  requirements  of  the 
town  of  Whitman  even  in  the  near  future,  and  this  source  should  not,  therefore, 
be  adopted  in  any  case  without  making  provision  for  supplementing  the  supply 
from  some  other  source  when  necessary.  In  order  to  form  an  opinion  as  to 
whether  this  pond  will  furnish  enough  water  to  warrant  taking  a  supply  from 
it  in  the  beginning,  it  would  be  necessary  for  you  to  ascertain  by  surveys  the 
size  of  the  water-shed  from  which  its  supply  is  derived,  and  to  make  investiga- 
tions to  determine  how  much,  if  any,  water  is  liable  to  be  lost  by  filtration  through 
the  ground  into  other  ponds. 

The  quantity  of  water  used  by  Whitman  increased  ocmsiderably  for  three 
years  after  the  last  reply  was  made ;  but  during  the  last  two  years  the  use 
of  water  from  the  public  supply  has  fallen  off  greatly,  dne,  probably,  in  a 
considerable  degree,  to  the  poor  quality  of  the  water  supplied  from  the 
public  works. 

The  Board  has  caused  a  further  examination  of  Maquam  Pond  and  its 
surroundings  to  be  made  by  its  engineer,  and  has  caused  several  samples 
of  the  water  to  be  analyzed.  The  results  of  these  analyses  give  practicaUy 
the  same  indications  as  to  the  probable  quality  of  the  water  as  the  results 
of  the  analysis  made  by  this  Board  in  response  to  your  former  api^icatioB. 
They  show  that  the  water  of  Maquam  Pond  is  very  soft,  practically  oc^or- 
less,  and  in  most  respects  a  very  satisfactory  pond  water.  The  sample 
analyzed  in  1898,  and  one  of  the  samples  collected  recently,  were  found, 
however,  to  contain  a  considerable  number  of  organisms,  of  kinds  which 
impart  to  water  a  disagreeable  taste  and  odor.  It  is  not  practicable 
to  tell,  from  the  limited  number  of  examinations  thus  far  made,  whether 
troubles  from  this  cause  are  likely  to  be  of  frequent  or  regular  occurrence, 
though  it  seems  hardly  probable  that  in  a  pond  of  this  character  such 
troubles  will  be  serious  or  long  continued. 

With  regard  to  the  quantity  of  water  that  this  source  will  yield,  it  does 
not  appear  that  any  further  information  has  been  obtained  since  the  matter 
was  last  considered  by  the  Board ;  and  such  further  investigations  as  it 
has  been  practicable  for  the  Board  to  make  are  insufficient  to  show  at  all 
definitely  the  probable  quantity  of  water  which  this  source  will  yield.  The 
pond  is  situated  at  a  considerably  higher  elevation  than  other  ponds  in  the 
vicinity,  and  it  is  surrounded  by  gravelly  soil ;  so  that  the  conditions  ap- 
pear to  be  favorable  for  the  filtration  of  water  from  the  pond  through  the 
ground  toward  other  ponds  at  lower  levels,  and  there  is  some  evidence 
that  a  large  amount  of  water  is  lost  from  the  pond  in  this  way.  It  is 
reasonable  to  expect  that,  with  the  introduction  of  an  ample  supply  of 
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•oft,  clear  and  nearly  colorless  water,  a  marked  increase  would  occur  in 
the  use  of  water  from  the  public  works  in  Whitman ;  and,  Judging  from 
the  information  at  present  available  as  to  the  capacity  of  Maquam  Pond 
and  the  sise  of  its  water-shed,  it  is  doubtful,  in  the  opinion  of  the  Board, 
whether  the  yield  of  the  source  would  be  sufficient  for  the  supply  of  the 
town,  even  if  no  considerable  quantity  of  water  is  lost  by  filtration,  should 
a  series  of  dry  years  occur  in  the  near  future.  The  only  way  in  which  the 
capacity  of  this  pond  can  be  determined  is  by  making  a  survey  to  learn 
the  extent  of  the  water-shed,  and  by  making  investigations  to  determine 
how  much,  if  any,  water  is  lost  by  filtration  through  the  ground  to  ponds 
at  lower  levels,  as  advised  in  the  previous  reply  of  the  Board. 

With  regard  to  supplementing  the  supply  from  other  sources,  as  sug- 
gested in  yoar  application,  the  investigations  by  the  Board  indicate  that 
it  is  practicaMe  to  obtain  an  ample  additional  supply  from  Oldham  Pond, 
which  is  distant  at  the  nearest  place  about  1,900  feet  from  Maquam  Pond. 
Monthly  analyses  of  the  water  of  Oldham  Pond,  made  during  the  year 
1898,  indicate  that  it  is  at  times  highly  colored  and  contains  a  large  quan- 
tity of  cMganic  matter ;  but  in  the  latter  part  of  the  winter  and  in  the  spring 
the  water  had  only  a  moderate  color,  and  was  in  other  respects  of  good 
qoality.  By  pumping  water  from  (Mdham  Pond  into  Maquam  Pond  during 
the  winter  and  spring  seasons,  when  the  quality  of  the  water  of  Oldham 
Pond  Is  at  its  best,  and  by  discharging  this  water  into  Maquam  Pond  at 
some  place  remote  from  the  place  from  which  the  water  is  drawn  out, 
thereby  allowing  the  water  to  mingle  thoroughly  with  that  of  Maquam 
P6nd  and  receive  all  the  benefit  practicable  from  storage  in  Maquam  Pond, 
an  ample  supply  of  water  for  Whitman  could  undoubtedly  be  obtained, 
tad  it  is  not  likely  that  the  quality  of  the  water  of  Maquam  Pond  would 
be  affected  in  any  noticeably  unfavorable  degree  by  the  introduction  into 
it  of  water  from  Oldham  Pond. 

In  selecting  a  new  source  of  water  supply,  it  appears  to  the  Board  desir- 
able for  you  to  consider  the  feasibility  of  obtaining  a  supply  from,  or  in 
connection  with,  the  towns  of  Abington  and  Rockland,  which  at  present 
take  their  supply  of  water  from  Big  Sandy  Pond. 

The  water  of  Big  Sandy  Pond  has  always  been  of  good  quality,  and  that 
pood  is  capable  of  supplying  considerably  more  water  than  is  now  used  by 
the  three  towns  of  Rockland,  Abington  and  Whitman.  The  main  pipe 
which  supplies  Abington  and  Rockland  passes  near  the  town  of  Whitman ; 
and,  if  these  works  are  capable  of  furnishing  a  suitable  supply  of  water  to 
Whitman,  in  addition  to  the  other  towns  at  all  times,  the  town  of  Whitman 
might  obtain  a  satisfactory  water  supply  from  these  works  at  less  expense 
than  in  any  other  way. 

While  the  need  for  a  new  water  supply  in  Whitman  is  urgent,  owing  to 
the  great  danger  to  the  health  of  the  inhabitants  of  the  town  from  the  use 
of  the  present  sewage-polluted  sources,  and  while  considerable  time  may 
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be  consumed  in  making  further  investigations,  the  Board  is,  nevertheless, 
of  the  opinion  that  it  will  be  for  the  best  interests  of  the  town  to  make 
such  investigations  as  are  necessary  to  determine  the  best  source  of  supply 
available  for  the  town,  before  deciding  upon  its  future  source  of  water 
supply. 

The  Board  would,  therefore,  advise  the  town  of  Whitman  to  investigate 
the  feasibility  of  obtaining  a  supply  from,  or  in  connection  with,  the  towns 
of  Abington  and  Rockland ;  and  that  at  the  same  time  you  cause  an  investi- 
gation to  be  made,  with  the  assistance  of  an  engineer  of  experience  in  mat- 
ters relating  to  water  supply,  to  determine  the  area  of  the  water-shed  of 
Maquam  Pond,  the  probable  quantity  of  water,  if  any,  that  may  be  lost  by 
filtration  therefrom,  and  the  probable  cost  of  obtaining  a  supply  of  water 
from  Maquam  Pond,  supplemented,  when  necessary  in  the  future,  by  water 
pumped  from  Oldham  Pond  into  Maquam  Pond.  It  is  important,  also, 
that  frequent  analyses  be  made  of  the  water  of  Maquam  Pond. 

A  good  ground- water  supply,  owing  to  its  freedom  from  color,  taste  and 
odor,  would  be  more  satisfactory  than  a  surface-water  supply;  and  the 
conditions  appear  to  be  very  favorable  for  obtaining  a  ground-water  supply 
from  the  vicinity  of  Maquam  Pond,  and  there  are  indications  that  it  may 
be  possible  to  obtain  such  a  supply  from  the  ground  near  Oldham  Pond. 
In  view  of  these  conditions,  the  Board  would  advise  that  you  include  in 
your  investigations  an  examination  of  the  ground  in  the  vicinity  of  Maquam 
and  Oldham  ponds,  and,  if  the  conditions  are  found  to  be  favorable  for 
obtaining  a  satisfactory  supply  in  this  way,  that  you  cause  an  estimate  to 
be  made  of  the  probable  cost  of  obtaining  a  supply  of  water  for  Whitman 
from  the  ground  in  the  vicinity  of  one  of  these  ponds. 

The  Board  will  assist  you  in  these  investigations  by  making  such  analyses 
of  samples  of  water  as  may  be  necessary,  if  you  will  collect  the  samples, 
and  will,  upon  application,  give  you  further  advice  in  this  matter  when  you 
have  th^  results  of  further  investigations  to  present. 

Whitman  (the  C!oaunon wealth  Shoe  and  Leather  Company) .  An 
application  was  received,  Nov.  29,  1898,  from  the  Commonwealth 
Shoe  and  Leather  Company  of  Whitman,  for  the  advice  of  the  Board 
relative  to  the  use  of  the  water  of  certain  wells  which  had  been 
driven  upon  the  premises  of  the  corporation.  The  Board  replied  to 
this  application  as  follows :  — 

Jan.  5, 1899. 

The  State  Board  of  Health  has  carefully  considered  your  application  for 
advice  as  to  whether  the  water  drawn  from  seven  driven  wells  located  at 
the  northerly  side  of  your  factory  in  the  village  of  Whitman  is  suitable  for 
drinking. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
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sereral  samples  of  water  bave  been  collected  from  the  weUs  for  analysis. 
The  results  of  the  analyses  show  that,  at  the  time  these  samples  were  col- 
lected, the  water  was  nearly  clear  and  colorless  and  free  from  odor,  bat 
that  it  was  hard,  and  contained  an  excessive  amoant  of  nitrates  and  chlorine, 
showing  that  much  of  the  water  entering  the  wells  has  at  some  time  been 
highly  polluted  by  sewage,  and  it  is  evident  that  the  water  has  not  been 
wholly  purified  in  its  passage  through  the  ground  to  the  wells. 

The  town  of  Whitman  has  no  sewerage  system,  and  the  sewage  from 
buildings  in  the  region  about  the  wells  is  collected  in  cess-pools  and  similar 
receptacles,  or  discharged  upon  the  ground,  thus  greatly  polluting  the 
ground  water.  Experience  with  wells  in  similar  situations  indicates  that 
the  quality  of  the  water  is  likely  to  deteriorate  with  continuous  use. 

Under  the  circumstances,  these  wells  cannot  be  regarded  as  a  safe  source 
from  which  to  take  water  for  drinking,  and  the  Board  would  advise  that 
the  use  of  the  water  for  this  purpose  be  avoided,  and  that  water  of  known 
purity  be  supplied  to  the  employees  of  your  factory  for  drinking. 

Wilmington.  An  application  was  received  from  the  board  of 
health  of  Wilmingtony  Nov.  17, 1898,  requesting  that  an  examination 
should  be  made  of  the  water  of  a  well  intended  for  use  as  drinking 
water  in  a  new  school-house  being  erected  in  that  town.  The  Board 
replied  to  this  request  as  follows :  — 

Jan.  5, 1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  quality  of  the  water  of  a  well  newly  dug  and  intended 
to  supply  drinking  water  for  a  new  school-house  in  the  north  district  of 
Wilmington. 

The  Board  has  caused  an  examination  of  the  well  and  its  surroundings 
to  be  made  and  a  sample  of  the  water  to  be  analyzed.  The  water  of  the 
well  had  a  very  strong  and  offensive  odor  at  the  time  the  sample  was  col- 
lected, and  the  analysis  indicates  that  the  water  entering  the  well  has  been 
considerably  polluted  by  sewage,  and  has  not  yet  been  purified  in  its  pas- 
sage through  the  ground. 

The  indications  are  that  the  pollution  comes  from  a  drain  which  passes 
under  the  road  near  the  weU,  since  the  waters  of  this  drain  appear  to  re- 
ceive pollution  from  buildings  situated  not  far  from  the  well. 

In  view  of  the  circumstances,  this  source  must  be  regarded  as  a  dan- 
gerous one  from  which  to  take  water  for  drinking,  and  the  Board  would 
advise  that  the  use  of  water  from  this  source  for  drinking  be  prevented. 

Sbwebaoe  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year  in  reply  to  applications  relative  to  sewerage  and  sewage 
disposal:  — 
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Andoyer.  The  sewer  commiBsioners  of  Andover  applied  to  the 
Board,  March  19,  1898,  for  its  approval,  under  chapter  386  of  the 
Acts  of  1895,  of  a  system  of  sewerage  and  sewage  disposal  for  that 
town.     The  Board  replied  to  this  application  as  follows :  — 

Mat  7.  18W. 

The  State  Board  of  Health  received  from  you,  on  March  21,  1898,  an 
application  requesting  the  approval  of  a  proposed  plan  of  sewerage  and 
sewage  disposal  for  the  town  of  Andover,  under  the  authority  of  chapter 
875  of  the  Acts  of  1888,  and  chapter  386  of  the  Acts  of  1895.  The  plan 
proposed  by  you  is  described  in  your  application  as  follows :  — 

The  system  proposed  is  the  separate  system,  t.  e.,  for  sewage  only.  The  entire 
system  Includes  about  23.9  miles.  The  proposed  outlet  is  into  the  Merrimack 
River,  at  or  near  the  mouth  of  the  Shawsheen  River. 

A  general  description  of  the  system  is  as  follows:  starting  at  the  Merrimack 
River,  at  or  near  the  mouth  of  the  Shawsheen  River,  thence  through  private  land, 
in  a  general  south-westerly  direction,  along  the  southerly  side  of  the  Shawsheen 
River  to  Haverhill  or  Lowell  Street  in  Andover.  Said  line  passes  through  a  part 
of  North  Andover  and  Lawrence,  thence  in  a  westerly  direction  on  Haverhill  or 
Lowell  Street  to  Main  Street,  thence  in  a  soutlierly  direction  on  Main  Street  to 
the  top  of  the  hill  at  the  Andover  Seminary.  A  branch  sewer  enters  the  main 
sewer  at  Marland  Street.  This  branch  sewer  is  described  as  follows :  starting 
at  the  junction  of  Main  and  Marland  streets,  thence  in  a  general  southerly  direo- 
tion  through  Marland  and  Mineral  streets  and  private  land  to  Ballardvale. 

Into  this  main  and  branch  sewer  lead  the  lateral  sewers,  in  sizes  from  6  to  12 
inches. 

The  main  sewer  from  the  Merrimack  River  to  a  point  on  Main  Street  near  the 
Shawsheen  River  is  a  24  inch  pipe.  The  remainder  is  20, 15, 12,  10  and  8  inch. 
The  Ballardvale  sewer  is  a  15  and  12  inch  pipe.  The  plans  submitted  show  the 
sizes  of  pipes  and  direction  of  flow  of  the  sewage.  The  24  inch  has  a  grade  of 
1  foot  in  1,000  feet    The  lateral  sewers  have  good  grades. 

A  plan  is  submitted,  showing  the  size  of  pipes  and  direction  of  flow. 

The  town  of  Andover,  through  its  sewer  commissioners,  hereby  ask  your  ap> 
proval  of  the  proposed  plan  for  a  system  of  sewerage,  as  required  under  chapter 
886  of  the  Acts  of  1895. 

The  blue  lines  on  the  said  plan  show  the  part  of  the  system  the  town  proposes 
to  build  in  1898,  about  7  miles. 

The  town  proposes  to  construct  a  settling  tank  and  filter  beds  at  a  point  on  the 
Shawsheen  River  near  where  the  Boston  &  Maine  Railroad  crosses  said  river, 
and  to  discharge  the  purified  sewage  or  water  into  the  Shawsheen  River  at  said 
point ;  this  outlet  and  method  to  be  temporary.  Plans  showing  in  detail  the  pro- 
posed settling  tank,  filter  beds  and  outlet^  will  be  submitted  to  the  State  Board 
of  Health.  The  town  of  Andover,  through  its  sewer  commissioners,  hereby  peti- 
tion the  State  Board  of  Health  for  permission  or  license  to  drain  temporarily  into 
said  Shawsheen  River,  said  pexmit  to  contain  such  restrictions  as  said  Board  of 
Health  may  see  fit  to  impose.  .  .  • 
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The  application  was  accompanied  by  a  plan,  showing  the  proposed  sys* 
tern  and  the  portion  of  it  which  it  is  proposed  to  construct  in  the  begin- 
ning. Flans  were  also  submitted,  on  a  subsequent  date,  showing  the 
proposed  temporary  settling  tank  and  filter  beds  on  the  southerly  bank 
of  the  Shawsheen  River,  Just  east  of  the  Boston  &  Maine  Railroad. 

The  system  as  designed  provides  for  collecting  the  sewage  of  all  of  the 
thickly  settled  portion  of  the  town,  for  which  sewerage  facilities  are  likely 
to  be  necessary,  into  a  main  sewer  in  the  valley  of  the  Shawsheen  River 
in  the  vicinity  of  Frye  Village,  from  which  it  is  proposed  to  continue  the 
main  sewer  along  the  easterly  side  of  the  Shawsheen  River  to  a  place  of 
disdiaige  into  the  Merrimack  River,  Just  below  the  mouth  of  the  Shaw- 
sheen River.  It  is  proposed  in  the  beginning  to  construct  this  main  sewer 
down  to  a  proposed  temporary  filtration  area  near  the  place  where  the  Bos- 
ton &  Maine  Railroad  crosses  the  Shawsheen  River,  and  to  purify  it  there 
hy  means  of  a  settling  tank  and  filter  beds,  and  discharge  the  effluent  into 
the  Shawsheen  River. 

The  Board  has  carefully  considered  the  plans  submitted,  and  has  caused 
the  examination  of  the  locality  to  be  made  by  its  engineers. 

In  the  coarse  of  examinations  in  this  region,  it  appeared  that  good  soil 
for  the  filtration  of  sewage  could  be  found  on  higher  land  on  both  sides 
of  the  river  in  the  vicinity  of  the  proposed  temporary  disposal  works ;  and 
it  was  suggested  tiiat  a  further  investigation  be  made,  to  determine  whether 
there  was  a  sufBcient  area  of  suitable  land  in  this  vicinity  for  the  disposal 
of  all  of  the  sewage  of  the  town.  Subsequently,  a  plan  was  submitted 
showing  the  contour  of  the  land  that  appeared  to  be  available  for  sewage- 
disposal  pnrpoees,  and  your  engineers  also  submitted  samples  of  the  soil 
from  many  test  pits  upon  this  area,  together  with  estimates  of  the  cost 
of  disposing  of  the  sewage  of  the  town  by  pumping  it  to  filter  beds  upon 
this  area,  as  compared  with  the  estimated  cost  of  conveying  the  sewage 
to  a  point  of  discharge  into  the  Merrimack  River. 

According  to  the  estimates  of  cost  submitted,  it  appears  that  the  cost 
to  the  town  of  disposing  of  the  sewage  by  pumping  it  to  filter  beds  upon 
the  area  of  higher  land  near  the  Shawsheen  River  would  probably  be  less 
for  many  years  than  the  cost  of  conveying  the  sewage  to  the  Merrimack 
Biver ;  bat  these  estimates  indicate  that,  if  a  longer  period  is  taken  into 
consideration,  it  might  be  cheaper  to  adopt  in  the  beginning  the  plan  of 
conveying  the  sewage  to  the  Merrimack  River. 

It  appears  to  the  Board  that,  with  the  growth  of  population  in  the  valley 
of  the  Merrimack  River  and  the  consequent  pollution  of  the  stream  from 
the  many  cities,  towns  and  factories  upon  it  which  discharge  sewage  into 
the  stream,  the  time  is  likely  to  come  when  some  method  of  purification 
of  the  sewage  will  have  to  be  adopted ;  and,  in  estimating  upon  the  prob- 
sble  future  cost  of  the  Merrimack  River  outlet,  the  possibility  that  Andover 
may  still  in  time  find  it  necessary  to  purify  its  sewage,  even  if  conveyed 
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to  the  Merrimack  River,  should  be  taken  into  consideration,  especially  as 
there  is  a  section  in  its  sewerage  act  providing  for  the  prevention  of  a 
nuisance  from  the  discharge  of  its  sewage  into  the  river  in  the  vicinity  of 
North  Andover.  Under  the  circumstances,  it  is  probable  that,  even  in  the 
long  run,  it  will  be  more  economical  for  the  town  to  purify  its  sewage  in 
the  beginning. 

The  estimates  of  cost  of  disposing  of  the  sewage  by  filtration  are  based 
upon  a  plan  which  provides  for  conveying  all  of  the  sewage  by  gravity 
through  a  sewer  in  the  valley  of  the  Shawsheen  River  to  a  point  near  the 
filtration  area,  and  there  pumping  it  to  the  height  necessary  for  disposing 
of  it  upon  the  area.  It  appears  to  be  possible,  from  a  general  examina- 
tion of  the  territory,  to  collect  the  sewage  from  nearly  all  of  the  town  that 
is  said  to  require  sewerage  facilities  at  present,  and  to  convey  it  to  the 
possible  filtration  area  near  the  Shawsheen  River  by  gravity  at  such  an 
elevation  that  nearly  all  of  the  best  portions  of  the  area  would  be  available 
for  the  disposal  of  sewage  without  pumping.  If  this  plan  is  feasible,  its 
adoption  might  effect  a  considerable  saving  of  cost  to  the  town  in  disposing 
of  its  sewage.  It  would  still  be  necessary,  however,  to  provide  some  means 
of  disposing  of  the  sewage  from  the  lower  levels  in  the  town.  Two  methods 
appear  to  be  practicable ;  one  by  constructing  a  sewer  in  the  valley  of  the 
Shawsheen  River,  to  discharge  upon  artificial  filter  beds  constructed  on  l^e 
lower  portions  of  the  filtration  area,  and  the  other  by  providing  a  pumping 
plant  for  pumping  the  sewage  from  the  lower  levels  in  the  town  into  the 
high-level  main  sewer.  It  is  understood  that  sewerage  facilities  are  not 
required  at  present  by  the  village  of  Ballardvale  or  by  Frye  Village ;  and, 
if  this  is  the  case,  the  quantity  of  sewage  which  would  have  to  be  disposed 
of  from  the  low  levels  would  be  likely  to  be  very  small,  in  the  b^inning 
at  least. 

In  view  of  all  the  circumstances,  the  Board  does  not  at  present  approve 
the  plans  submitted,  but  advises  that  you  give  the  matter  further  consid- 
eration, to  determine  whether  it  will  not  be  more  satisfactory  and  econom- 
ical for  the  town  to  dispose  of  its  sewage  by  filtration  within  its  own  limits 
than  it  would  be  to  construct  a  sewer  to  convey  the  sewage  to  the  Merri- 
mack River.  The  Board  will  give  the  matter  prompt  consideration  when 
you  have  the  results  of  further  investigations  to  present. 


On  May  18,  1898,  the  sewer  commissioners  again  applied  to  the 
Board  for  approval  of  a  system  of  sewerage  and  sewage  disposal,  in- 
volving filtration  of  the  sewage  upon  a  tract  of  land  near  the  Shaw- 
sheen River,  and  east  of  the  Boston  &  Maine  Raikoad  in  that  town. 
After  a  public  hearing,  duly  advertised,  had  been  held,  on  June  2, 
1898,  as  required  by  chapter  124  of  the  Acts  of  1890,  the  Board 
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replied  to  the  application  of  the  Andover  sewer  commissioners  as 
follows :  — 

June  8, 1896. 

The  State  Board  of  Health  received  frem  you,  on  May  20,  1898,  an 
application  giving  notice  of  your  intention  to  introduce  a  system  of  sew- 
erage in  the  town  of  Andover,  and  submitting  your  proposed  plans  for  the 
advice  and  approval  of  this  Board,  under  the  authority  of  chapter  375  of 
the  Acts  of  1888  and  chapter  386  of  the  Acts  of  1895.  You  also  request 
the  approval  of  the  Board,  in  accordance  with  the  provisions  of  chapter  50, 
section  1,  of  the  Public  Statutes,  as  amended  by  chapter  124  of  the  Acts 
of  1890,  of  the  taking  of  certain  lands  within  the  limits  of  the  town  of 
Andover  for  sewage-disposal  purposes. 

The  plans  provide  for  a  system  of  sewers,  designed  to  take  sewage  only, 
connecting  with  a  main  sewer  which  will  convey  the  sewage  by  gravity  to 
a  proposed  filtration  area  located  on  the  easterly  side  of  the  Boston  & 
Maine  Railroad,  and  on  both  sides  of  the  Shawsheen  River,  just  south  of 
the  boundary  line  between  the  town  of  Andover  and  the  city  of  Lawrence. 
A  portion  of  the  main  village  and  the  villages  of  Ballardvale  and  Frye 
Village  are  situated  at  so  low  a  level  that  the  sewage  from  these  districts 
cannot  be  discharged  into  the  main  sewer  by  gravity.  It  is  proposed  to 
collect  the  sewage  of  these  districts  at  a  pumping  station  to  be  located  on 
Main  Street  on  the  easterly  side  of  the  Shawsheen  River,  and  to  pump  the 
sewage  from  this  place  into  the  main  sewer.  In  connection  with  this  pump- 
ing station  it  is  proposed  to  provide  an  overflow  or  waste  pipe  leading  to 
the  Shawsheen  River  in  the  vicinity  of  Main  Street,  in  order  to  discharge 
sewage  into  the  Shawsheen  River  in  case  of  emergency.  It  is  understood 
that  this  overflow  or  discharge  pipe  is  to  be  used  only  in  cases  of  emergency, 
sQch  as  an  accident  to  pumps,  pumping  station  or  force  main,  and  it  is  not 
for  frequent  or  regular  use. 

The  route  of  the  proposed  main  sewer  from  the  town  to  the  filtration 
area  lies  across  a  valley.  From  the  comer  of  High  Street  and  Fray's  Road 
to  the  filtration  area,  a  distance  of  about  5,467  feet,  the  sewer  is  to  be  laid 
in  tiie  form  of  an  inverted  siphon,  and  is  to  be  constructed  of  iron  pipe. 
At  the  lowest  point  in  this  siphon  it  is  proposed  to  construct  a  blow-off, 
for  the  purpose  of  emptying  the  pipe  if  necessary ;  and  it  is  proposed  to 
take  a  small  area  of  land  and  to  construct  a  filter  bed  at  this  place,  to  re- 
ceive the  sewage  that  may  be  discharged  from  this  blow-off.  At  the  filtra- 
tion area  the  main  sewer  is  to  discharge  into  a  settling  tank,  in  connection 
with  which  it  is  proposed  to  provide  a  flush  tank  to  discharge  the  sewage 
intermittently  a{>on  the  filter  beds. 

It  is  proposed  to  prepare  twenty  filter  beds  in  the  beginning,  covering  an 
area  of  4  acres,  and  to  provide  underdrains  beneath  those  beds  to  collect 
the  effluent  and  convey  it  to  pipes  leading  to  a  small  brook  which  flows 
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through  the  proposed  filtration  area  and  discharges  into  the  Shawsheen 
River.  It  is  also  proposed  to  prepare  about  2  acres  along  the  side  of  a 
steep  hill,  with  ditches  from  10  to  20  feet  apart,  along  the  sides  of  the  hill, 
into  which  sewage  can  be  discharged  when  necessary.  It  is  proposed  to 
provide  a  system  of  underdraidage  for  this  bed  similar  to  that  of  the  beds 
referred  to  above,  and  to  discharge  the  effluent  into  the  brook.  Two 
sludge  beds  are  also  to  be  prepared,  to  receive  sludge  from  the  settling 
tank.  It  is  understood  that,  aside  from  the  proposed  overflow  or  discharge 
pipe  at  the  pumping  station  already  referred  to,  which  may  be  used  in  case 
of  emergency,  no  crude  or  unpurified  sewage  is  to  be  discharged  into  the 
Shawsheen  River,  or  any  stream  or  water  course  tributary  thereto. 

The  Board  has  considered  the  proposed  plans,  and  concludes  that  they 
are,  in  general,  adapted  to  the  disposal  in  a  satisfactory  manner  of  the 
sewage  from  the  districts  in  the  town  of  Andover  for  which  it  is  proposed 
to  provide  sewerage  facilities.  It  appears  that  only  a  limited  portion  of 
the  lower  districts  in  the  town  are  likely  to  require  sewerage  for  several 
years ;  and  the  proposed  method  of  disposing  of  the  sewage  from  these 
areas  by  collecting  it  at  a  pumping  station  on  Main  Street,  near  the  Shaw- 
sheen River,  and  pumping  it  into  the  main  sewer  leading  from  the  town  to 
the  filtration  area,  is  probably,  under  the  circumstances,  the  best  that  it  is 
practicable  to  adopt.  If  it  becomes  necessary  in  the  future  to  materially 
extend  the  sewers  in  these  districts,  it  may  be  found  desirable  to  change 
somewhat  the  proposed  plans;  but  the  consideration  of  other  possible 
methods  of  disposing  of  the  sewage  from  these  districts  may  properly  be 
omitted  until  there  is  need  of  much  more  extensive  sewerage  facilities  than 
it  is  proposed  to  provide  in  this  region  in  the  beginning. 

The  Board  hereby  approves  the  proposed  plan  of  sewerage  and  sewage 
disposal  for  the  town  of  Andover,  as  herein  described,  under  the  provisions 
of  chapter  386  of  the  Acts  of  1895. 

It  is  very  important  that  all  storm  water  be  kept  out  of  the  sewers ;  and, 
by  providing  underdrains  beneath  the  sewers  to  carry  off  ground  water,  as 
proposed,  the  quantity  of  sewage  to  be  disposed  of  can  be  made  smaller 
than  would  otherwise  be  the  case,  and  a  smaUer  area  of  filter  beds  will  be 
required. 

The  velocity  of  flow  through  the  inverted  siphon  may  not  be  suflScient, 
in  the  beginning  at  least,  to  prevent  deposits ;  but  the  proposed  blow-off 
at  the  lowest  point  in  this  siphon  will  make  it  practicable  to  flush  out  the 
siphon  from  time  to  time,  if  it  becomes  necessary.  There  would  be  more 
certainty  of  the  satisfactory  operation  of  the  siphon  at  all  times,  if  means 
were  taken  to  prevent  the  entrance  of  large  substances  which  might  tend 
to  clog  it. 

In  response  to  the  request  contained  in  your  application  for  the  approval 
of  the  Board  of  the  purchase  or  taking  of  certain  lands  for  sewage-disposal 
purposes,  described  in  your  application  and  shown  upon  a  plan  submitted, 
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the  State  Board  of  Health  gave  notice  that  a  public  hearing  upon  this 
matter  would  be  given  at  its  office  on  June  2,  1898,  as  required  by  chapter 
50,  section  1,  of  the  Public  Statutes,  as  amended  by  chapter  124  of  the 
Acts  of  1890.  At  this  hearing  no  person  appeared  to  oppose  the  taking 
of  the  lands  referred  to  for  sewage-disposal  purposes;  and  the  Board 
hereby  approves  the  purchase  or  taking  by  the  town  of  Andover,  for  the 
purification  and  disposal  of  the  sewage  of  the  said  town,  of  land  bordering 
the  easterly  side  of  the  Boston  &  Maine  Railroad,  just  south  of  the  boundary 
line  between  the  town  of  Andover  and  the  city  of  Lawrence,  and  of  another 
lot  of  land  located  in  the  vicinity  of  the  proposed  blow-off  from  the  main 
sewer  and  adjoining  land  now  owned  by  the  town  of  Andover,  as  shown 
upon  a  plan  submitted,  May  20, 1898,  entitled,  '^  Plan  of  Proposed  Siphon 
and  Filter  Area  of  Andover,  Mass.,  May  12,  1898.  McClintock  &  Wood- 
fall,  Civil  Engineers,"  said  land  being  described  in  your  application  as 
follows :  — 

The  main  area  for  filtration  is  described  as  follows :  beginning  at  a  point  in  the 
easterly  line  of  the  location  of  the  Boston  &  Maine  Railroad,  thence  running 
parallel  to  the  Lawrence  city  line  and  5  feet  southerly  therefrom  S.  68^  16'  £  — 
2,118.0  feet ;  thence  S.  25**  ly  W— 601.2  feet ;  thence  S.  59®  1^  W— 789.9  feet  to 
the  aforesaid  easterly  line  of  the  Boston  &  Maine  Railroad ;  thence  following  said 
easterly  line  of  the  Boston  &  Maine  Railroad  northerly  2,015.9  feet  to  the  point 
of  beginning. 

The  area  for  filtration  at  the  blow-off  of  the  siphon  line  is  described  as  follows : 
beginning  at  the  south-easterly  comer  of  said  area,  at  a  point  where  the  line  of 
the  proposed  sewer  crosses  the  boundary  wall  between  land  of  Greorge  Mander 
and  land  of  the  town  of  Andoyer,  thence  running  in  a  westerly  direction  along  the 
line  of  said  wall  175  feet  to  the  boundary  wall  between  the  aforesaid  land  of  George 
Mander  and  land  of  David  Middleton,  thence  running  in  a  northerly  direction 
along  said  wall  161  feet,  thence  running  in  an  easterly  direction  174  feet  to  the 
aforesaid  line  of  proposed  sewer,  thence  in  a  southerly  direction  195  feet  to  the 
point  of  beginning. 

Attlebobouoh.  The  selectmen  of  Attleborough  applied  to  the 
Board,  June  24,  1897,  for  its  advice  relative  to  a  proposed  system 
of  sewerage  and  sewage  disposal  for  that  town,  to  which  the  Board 
replied  as  follows :  — 

Jan.  27, 1886. 

The  State  Board  of  Health  received  from  you,  June  25,  1897,  an  appli- 
cation for  advice  with  reference  to  a  proposed  system  of  sewerage  and 
sewage  disposal  for  the  town  of  Attleborough,  in  which  you  refer  to  a 
report  and  plans  made  by  engineers  employed  by  the  town,  which  you 
submitted  with  the  application. 

The  plan  first  proposed  provided  for  disposing  of  the  sewage  from  the 
present  sewers  in  Union  and  County  streets,  by  pumping  the  dry-weather 
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flow  of  the  County  Street  sewer  into  the  Union  Street  sewer,  and  extend- 
ing the  latter  sewer  to  a  tract  of  low  land  having  an  area  of  about  10  acres 
in  the  yicinity  of  the  Ten-mile  River  near  Tiffany  Street,  upon  which  area  it 
was  proposed  to  dispose  of  this  sewage  by  filtration.  Upon  an  examina- 
tion of  this  land,  however,  it  was  found  that  the  soil  consisted  of  a  deep 
layer  of  loam  and  subsoil,  beneath  which  the  material  was  a  very  fine  sand, 
so  that  the  disposal  of  any  considerable  quantity  of  sewage  upon  this  area 
would  be  impracticable ;  and  a  further  plan  was  then  prepared  and  sub- 
mitted to  the  Board  on  Jan.  1,  1898.  By  this  plan  it  is  proposed  to  col- 
lect the  sewage  from  the  Union  Street  and  County  Street  sewers,  together 
with  other  sewage  from  the  district,  at  a  location  between  the  railroad  and 
the  river  about  opposite  the  end  of  Manchester  Street,  and  to  pump  the 
dry-weather  flow  to  a  proposed  filtration  area  in  the  vicinity  of  Tiffany 
Street,  adjoining  the  area  already  referred  to,  but  situated  at  a  higher 
elevation. 

The  works  now  proposed  are  intended  to  form  a  part  of  a  general  sys- 
tem of  sewerage  for  the  town  of  Attleborough.  One  of  the  essential 
features  of  this  system  is  the  collection  of  the  sewage  from  several  pro- 
posed sewer  districts  in  the  town,  by  means  of  sewers  converging  at  the 
lowest  point  in  each  district,  from  which  it  is  to  be  pumped  into  a  force 
main  leading  to  the  proposed  filtration  area  near  Tiffany  Street.  It  is 
proposed  in  the  beginning  to  pump  only  the  dry-weather  flow  of  the  sewers 
now  buUt,  which  drain  an  area  which  will  form  a  part  of  District  No.  1  of 
the  proposed  plan,  to  the  proposed  filtration  area,  allowing  the  excess  of 
flow  of  mingled  sewage  and  water  at  times  of  rains  or  thaws  to  discharge 
into  the  river. 

It  is  also  proposed  at  first  to  provide  only  a  limited  pumping  capacity, 
but  to  construct  a  force  main  having  a  diameter  of  12  inches,  which  is 
large  enough  to  provide  for  removing  a  much  lai^er  quantity  of  sewage 
than  the  dry-weather  flow  of  the  present  sewers,  which  is  thought  to  be 
about  150,000  gallons  per  day,  though  it  is  understood  that  the  dry-weather 
flow  has  not  been  definitely  determined. 

The  Board  has  examined  the  proposed  plans,  and  has  caused  an  exami- 
nation of  the  land  which  it  is  proposed  to  use  for  filtration  purposes  to  be 
made  by  one  of  its  engineers,  and  finds  that  it  is  well  adapted  to  the  pur- 
pose, both  in  its  location  and  in  the  character  of  the  soil,  which  is  excel- 
lent for  the  disposal  of  sewage  by  intermittent  filtration,  and  that  the  area 
is  of  such  size  as  to  be  capable  of  providing  for  the  disposal  of  the  sewage 
of  Attleborough  for  many  years  in  the  future. 

The  rate  at  which  you  propose  to  pump  sewage  through  the  force  main 
appears  to  be  so  small  that  deposits  are  likely  to  occur  in  the  pipe  and 
cause  serious  trouble,  nor  does  it  appear  to  be  feasible  to  secure  a  greater 
velocity  through  the  pipe  at  any  time  for  flushing  purposes.  It  is  very 
desirable  that  such  change  be  made  in  the  plan  as  will  avoid  this  difiSculty. 


No.  34.]        ADVICE  TO   CITIES   AND   TOWNS.  73 

With  regard  to  the  other  features  of  the  proposed  plan,  no  details  have 
been  submitted  showing  the  proposed  method  of  construction  and  opera- 
tion of  the  force  main,  storage  reservoirs,  ejector  or  pumping  stations  or 
other  essential  features,  nor  have  plans  been  submitted  showing  the  pro- 
posed systems  of  street  sewers. 

The  present  sewers,  as  already  stated,  reoeiye  both  sewage  and  storm 
water  from  a  large  district,  and  it  is  proposed  to  pump  only  the  dry-weather 
flow  of  these  sewers,  allowing  the  excess  at  times  of  storms  and  thaws  to 
discharge  into  the  stream.  This  is  a  very  objectionable  feature  of  the  pro- 
posed plan,  since,  if  this  plan  is  used,  a  considerable  quantity  of  sewage 
will  still  be  discharged  into  the  stream  at  times  of  storms  or  thaws ;  and, 
in  Older  to  be  sure  of  pumping  the  maximum  dry-weather  flow  of  the  sew- 
age at  all  times,  and  avoiding  the  discharge  of  sewage  under  ordinary 
conditions  into  the  stream,  it  will  be  necessary  at  other  times  to  pump 
considerable  quantities  of  storm  water,  thus  increasing  the  cost  of  pump- 
ing. Moreover,  the  disposal  of  the  mingled  sewage  and  storm  water*  will 
require  a  larger  area  of  filter  beds  than  will  be  required  if  sewage  only  ia 
discharged  upon  them,  and  there  would  be  more  difficulty  in  disposing  of 
the  sewage  upon  the  beds,  especially  in  cold  weather,  when  its  temperature 
is  reduced  by  the  admission  of  storm  water. 

The  information  furnished  as  to  the  method  of  construction  and  opera- 
tion of  the  proposed  system  of  sewerage  for  the  town  of  Attleborough  ia 
not  sufficient  to  enable  the  Board  to  advise  as  to  whether  this  plan  is  the 
most  economical  and  otherwise  appropriate  for  the  town  of  Attleborough. 
to  adopt.  In  the  opinion  of  the  Board,  however,  it  is  very  desirable  that, 
whatever  plan  be  adopted,  the  storm  water  be  kept  separate  from  the  sew- 
age in  making  future  extensions,  and  that  sewers  for  conveying  sewage 
only  be  constructed  to  receive  the  sewage  which  is  now  discharged  into  the 
existing  storm  water  sewers. 

The  Board  would  advise  that,  before  constructing  partial  works,  as  pro- 
posed, the  whole  matter  be  given  further  consideration,  in  order  that  the 
most  feasible  and  economical  plan  may  be  selected,  having  in  view  both 
the  present  needs  and  probable  future  requirements  of  the  town  in  the 
matter  of  sewerage,  drainage  and  sewage  disposal. 

The  Brockton  Hospital  Company.  An  application  was  re- 
ceived from  the  Brockton  Hospital  Company,  Aug.  19,  1898,  for 
the  advice  of  the  Board  relative  to  a  proposed  plan  of  sewage  dis- 
posal for  that  institution.  The  Board  replied  to  this  application  as 
follows :  — 

Sept.  1, 189S. 

The  State  Board  of  Health  received  from  you,  on  Aug.  19,  1898,  an 
application  for  advice  with  reference  to  a  proposed  system  of  sewage  dis- 
posal for  the  Brockton  hospital,  accompanied  by  a  plan  and  general  descrip- 
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tion  of  the  proposed  works.  The  present  method  of  disposing  of  the  sewage 
is  by  means  of  cess-pools,  and  it  is  not  satisfactory,  on  account  of  the 
character  of  the  soil-,  which  is  fine  and  compact.  Owing  to  the  distance  of 
the  hospital  from  the  thickly  settled  portion  of  the  city,  it  is  not  practi- 
cable, under  present  conditions,  to  dispose  of  the  sewage  in  connection 
with  the  general  system  of  the  city. 

Your  proposed  plan  provides  for  collecting  the  sewage  in  a  storage  and 
flush  tank  having  a  capacity  of  about  2,000  gallons,  which  will  discbarge 
its  contents  automatically  upon  four  filter  beds,  having  an  aggregate  area 
of  about  2,000  square  feet,  which  are  to  be  constructed  upon  the  hospital 
grounds,  of  sand  to  be  hauled  from  a  sand  bank  about  one  mile  away. 

The  proposed  filter  beds  are  to  have  a  depth  of  4|^  feet,  and  the  eflluent 
is  to  be  collected  in  underdrains,  which  will  discharge  through  a  single  pipe 
into  a  small  pond  near  the  filter  bed.  The  quantity  of  sewage  at  present 
produced  by  the  hospital  is  not  definitely  known,  but  is  probably  somewhat 
less  than  2,000  gallons  per  day. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers 
and  has  carefully  considered  the  proposed  plans. 

Examinations  of  the  sand  in  the  sand  bank  from  which  it  is  proposed  to 
take  the  material  for  the  construction  of  the  filter  beds  indicate  that  mate- 
rial of  excellent  quality  for  this  purpose  can  be  obtained  from  this  sand 
bank,  and,  if  the  most  suitable  material  is  used,  the  proposed  filter  beds 
will  be  of  sufficient  size  for  the  disposal  of  the  sewage  of  the  hospital,  even 
though  the  quantity  of  sewage  becomes  somewhat  greater  than  it  appears 
to  be  at  present. 

The  proposed  method  of  disposing  of  the  effluent  from  the  underdrains 
beneath  the  filters,  by  discharging  it  directly  into  a  small  pond  near  the 
^ter  beds,  might  foster  large  growths  of  Algae  and  similar  oi^anisms  in 
this  pond,  which  would  make  it  unsightly  and  perhaps  objectionable  under 
the  circumstances.  It  appears  to  be  practicable  to  lay  a  pipe  to  convey 
the  effluent  to  a  small  stream  below  the  ponds  on  the  hospital  grounds,  or 
possibly  to  drain  these  ponds  by  constructing  a  suitable  drainage  channel 
leading  to  a  stream  a  short  distance  away,  and  the  Board  would  reconunend 
that  the  effluent  be  discharged  into  the  stream  in  the  valley  below  the  lower 
pond  unless  the  ponds  are  suitably  drained. 

The  Board  is  of  the  opinion  that  the  plan  in  general,  with  the  modifi- 
cations suggested  as  to  the  disposal  of  the  effluent,  is  a  suitable  one  for 
the  disposal  of  the  sewage  of  the  Brockton  hospital,  under  the  present 
circumstances. 

Concord,  A  communication  was  received,  June  30,  1898,  firom 
the  sewer  commissioners  of  the  town  of  Concord,  giving  notice  of 
their  intention  to  construct  and  maintain  a  system  of  sewerage  in  that 
town,  under  the  authority  of  chapter  151  of  the  Acts  of  1895  ;  at  the 
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same  time  submitting  plans  and  a  general  description  of  the  proposed 
system  and  the  location  of  land  to  be  taken  for  sewage  disposal,  for 
the  consideration  and  approval  of  the  State  Board  of  Health.  The 
Board  replied  to  this  communication  as  follows :  — 

Aug.  10, 1898. 

The  State  Board  of  Health  received  from  you,  on  June  30,  1898,  a  com- 
munication giving  notice  of  your  intention  to  construct  and  maintain  a 
system  of  sewerage  in  the  town  of  Concoixl,  and  you  have  submitted  plans 
and  a  general  description  of  the  proposed  system,  and  the  location  of  lands 
to  he  taken  for  the  purpose  of  sewage  disposal,  for  the  consideration  and 
approval  of  the  State  Board  of  Health,  under  the  authority  of  chapter  151 
of  the  Acts  of  1895)  The  description  of  the  proposed  system  submitted 
hy  you  is  as  follows :  — 

OtUHne  of  Concord  Sewerage  System  aceompdnying  Plans  submUUd  to  the  State 
Board  of  Health  by  the  Concord  Sewer  Commissioners. 

The  general  arrangement  of  pipe  sewers  for  the  town  of  Concord  is  clearly  set 
fordi  on  the  plan  entitled  *'  Preliminaiy  Plan  of  Sewerage  System  for  the  Town 
of  Concord,  Mass.^    Briefly  outlined,  the  system  can  be  described  as  follows :  — 

The  pipe  sewers  cover  three  general  districts,  the  first,  the  north-easterly  per* 
tion  of  the  town,  comprising  all  of  that  portion  of  the  town  lying  to  the  north  and 
east  of  the  junction  of  Main  Street  and  Sudbury  Road,  and  of  Stow  Street  and 
Hubbard  Street  The  sewers  of  this  district  are  all  tributary  to  the  main  10-inch 
sewer  running  through  Lowell  Road  from  Main  Street  to  the  pumping  station  lot 
near  the  Boston  &  Maine  Railroad  track,  and  discharge  into  the  main  storage  well 
and  screen  chamber  opposite  the  pumping  station. 

The  second  district  comprises  the  central  portion  of  the  town,  lying  south  of  the 
Sudbury  River,  west  of  the  junction  of  Main  Street  and  Sudbury  Road  and  of  Stow 
Street  and  Hubbard  Street,  and  east  of  the  junction  of  Main  Street  and  Elm  Street 
This  entire  district  is  tributary  to  the  10-inch  sewer  running  through  Nashawtuc 
Road  from  Main  Street  to  a  collecting  chamber  on  the  southerly  side  of  the  Sud- 
bury Rirer,  jost  east  of  Nashawtuc  bridge. 

llie  third  district  comprises  the  territory  west  of  the  junction  of  Main  and  Elm 
streets,  and  is  tributary  to  the  8-inch  sewer  running  from  the  junction  of  Riyer  and 
Elm  streets  westerly  along  Elm  Street  to  the  collecting  chamber  on  the  east  side 
of  tlie  Sudbniy  Riyer  and  north  of  the  Elm  Street  bridge. 

It  may  be  said,  in  general,  in  regard  to  the  pipe-sewer  system,  that  it  is  a  separate 
system,  with  minimum  grades  of  1  per  cent  on  6-inch  lines  and  )  per  cent  on 
^4nch  lines,  flush  tanks  being  placed  at  the  heads  of  lines  with  grades  flatter  than 
8  per  cent 

The  collecting  chamber  and  riyer  crossing  at  Elm  Street  is  clearly  set  forth  in 
flke  detailed  plan  therefor,  the  collecting  chamber  haying  a  capacity  of  approxi- 
mately 1,700  gallons.  By  means  of  a  flush  tank  it  will  be  automatically  discharged 
intermittently. 

The  collecting  chamber  and  riyer  crossing  east  of  Nashawtuc  bridge  is  also 
clearly  set  forth  in  the  detailed  plan  therefor,  which  proyides  for  a  chamber  of 
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approximately  7,400  ^llons  capacity,  discharging  intermittently.  The  river 
crossing  near  the  Boston  &  Maine  Railroad  bridge  is  also  shown  in  detail. 

A  detailed  plan  shows  the  general  arrangement  of  the  screen  chamber  and 
storage  well  to  be  built  opposite  the  pumping  station.  Briefly  stated,  the  storage 
well  is  a  circular  well,  60  feet  internal  diameter,  with  24-inch  brick  walls  laid  in 
Portland  cement  mortar,  covered  by  a  concrete  groined  elliptical  arch  roof  with 
a  Portland  cement  concrete  segmental  groined  arch  bottom,  draining  toward  the 
screen  well,  fix>m  the  bottom  of  which  runs  the  suction  pipe  leading  to  the  pomps 
in  the  pumping  station.  The  two  pumps  of  1,000,000  gallons  capacity  per  twenty- 
four  hours  each,  placed  in  said  pumping  station,  will  discharge  the  sewage  tfaroagh 
a  10-inch  cast-iron  force  main  laid  along  the  line  of  the  Boston  &  Maine  Railroad 
location  upon  sand  filtration  beds,  to  be  constructed  upon  the  land  at  the  easterly 
end  of  the  Lang  estate,  a  plan  of  which  is  submitted  herewith. 

Of  the  filtration  lands  s^own  upon  the  accompanying  plans,  it  is  proposed  ta 
acquire  not  less  than  10  acres  that  shall  be  suitable  for  filtration  purposes,  upoa 
which  shall  be  prepared  and  constructed  for  present  use  such  filter  beds  of  about 
one  acre  net  area  each  as  the  proper  treatment  of  the  sewage  shall  require. 

The  plans  submitted  for  the  consideration  and  approval  of  the  Board 
show  a  system  of  pipe  sewers  designed  to  collect  the  sewage  of  the  thickly 
built  up  portion  of  the  main  village  of  Concord  upon  the  separate  plan,  and 
convey  it  to  a  proposed  collecting  well  or  reservoir  to  be  located  between 
the  Lowell  Road  and  the  Sudbury  River,  and  close  to  the  southerly  side 
of  the  Boston  &  Maine  Railroad,  from  which  the  sewage  is  to  be  forced 
by  means  of  a  pump,  to  be  located  in  a  building  near  the  reservoir,  through 
an  iron  pipe  10  inches  in  diameter  to  land  situated  on  both  sides  of  the 
Boston  &  Maine  Railroad,  about  one  mile  north-east  of  the  main  village 
of  Concord,  which  it  is  proposed  to  use  for  the  purpose  of  sewage  disposal. 
It  is  understood  to  be  a  part  of  the  plan  submitted  that  all  the  sewage 
is  to  be  conveyed  to  the  proposed  filtration  area  and  there  purified,  and 
that  no  unpurified  sewage  is  to  be  discharged  into  the  Sudbury  or  Con- 
cord rivers,  or  any  other  stream,  pond  or  water  course,  from  any  sewer  or 
other  part  of  the  proposed  works. 

The  Board  has  carefully  considered  the  proposed  plans,  and  has  caused 
the  territory  to  be  examined  by  its  engineer  and  samples  of  the  soil  from 
test  pits  on  the  land  which  it  is  proposed  to  take  for  the  purposes  of  sewage 
disposal  to  be  analyzed. 

The  location  selected  for  the  pumping  station  is  such  that  it  will  be  at  a 
considerable  distance  from  dweUing-bouses,  for  the  present  at  least ;  but 
its  proximity  to  the  highway  and  a  railroad  station  will  make  it  necessary, 
in  order  that  there  may  be  no  odor  from  it  in  the  neighborhood,  to  make 
provision  for  thorough  ventilation,  into  the  chimney  connected  with  the 
boiler  house,  of  the  sewers,  screen  chambers,  reservoir  and  any  other  places 
from  which  an  odor  of  sewage  might  escape.  The  station  and  its  appurte* 
nances  can  be  so  constructed  and  operated  that  no  odor  of  sewage  will 
ever  be  noticed  from  it  in  the  neighborhood. 
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The  lands  which  it  is  proposed  to  take  for  the  disposal  of  the  sewage 
are  well  situated  for  the  purpose,  and  are  located  in  a  thinly  populated 
region,  there  being  no  dwelling-houses  in  their  immediate  vicinity.  Ex- 
aminations of  the  soil  of  these  lands  by  means  of  a  limited  number  of  test 
pits  indicate  that  the  material  beneath  the  surface  soil  is  generally  a  very 
fine  sand ;  and,  while  there  is  coarser  material  underneath  this  sand,  the 
depth  of  the  fine  sand  is  such  that  it  will  not  be  practicable  to  remove  it, 
from  a  large  portion  of  the  area  at  least,  except  at  great  cost.  The  fine 
sand  is,  however,  suitable  for  the  disposal  of  sewage  if  the  beds  are  prop- 
erly prepared  for  the  purpose,  though  more  care  will  be  necessary  in  the 
proper  operation  of  filters  consisting  of  this  material  than  would  be  the 
case  with  the  coarser  sand,  and  the  quantity  that  can  be  purified  will  be 
smaller. 

The  system  as  a  whole  is  adapted  to  the  collection  and  disposal  of  all 
of  the  sewage  of  the  portion  of  the  town  of  Concord  which  it  is  proposed 
to  make  tributary  to  it,  according  to  the  plans  submitted,  provided  that 
surface  water  is  excluded  from  the  sewers  as  proposed,  and  care  is  taken 
to  prevent  the  entrance  of  ground  water  so  far  as  practicable. 

The  State  Board  of  Health,  acting  under  the  authority  of  chapter  151, 
section  2,  of  the  Acts  of  1895,  approves  the  proposed  system  and  the  loca- 
tion of  the  lands  to  be  taken  for  the  purpose  of  sewage  disposal,  as  out- 
lined in  your  description  previously  quoted  and  shown  upon  the  plans 
Bobmitted  with  your  application ;  the  lands  being  in  the  town  of  Concord, 
and  bounded,  measured  and  described  as  follows :  — 

Deseriplion  for  Taking  of  Land  now  or  lately  of  Estate  of  Catherine  (alias  KaU) 
Lang,  on  North  Side  of  Boston  &  Maine  Railroad. 

Beginning  at  a  point  on  the  north  line  of  the  Boston  &  Maine  Railroad  (formerly 
Middlesex  Central  Railroad)  location  at  its  intersection  with  the  division  line  be- 
tween land  supposed  now  or  lately  to  belong  to  the  estate  of  Catherine  (alias 
Kate)  Lang  and*  land  containing  gravel  pit  and  supposed  to  belong  to  the  said 
Boston  A  Maine  Railroad,  thence  running  along  the  north  line  of  said  railroad 
location  south  seventy-two  degrees  and  twenty-five  minutes  west  (S  72^  25'  W) 
magnetic,  about  one  thousand  and  thirty-nine  (1,039)  feet  to  a  point ;  thence  de- 
flecting to  the  right  and  running  approximately  north  one  degree  and  forty-five 
mniates  west  (N  1^  W  W)  about  seven  hundred  and  ninety-three  (793)  feet  to 
a  pofait  in  the  division  stone  wall  between  lands  supposed  to  belong  to  the  said 
Lang  estate  and  to  John  S.  Keyes,  respectively ;  thence  deflecting  to  the  right 
and  running  in  a  generally  easterly  direction  along  said  division  wall  about  seven 
hundred  and  ninety-three  (793)  feet  to  an  angle  in  said  wall ;  thence  deflecting 
to  the  right  and  running  approximately  south  eleven  degrees  and  nine  minutes 
west  (S  11°  V  W)  about  seventy-nine  (79)  feet  along  said  wall  to  its  intersec- 
tioD  with  the  fence  and  wall  between  said  lands  supposed  to  belong  to  the  said 
Lang  estate  and  to  John  S.  Keyes  respectively ;  thence  deflecting  to  the  lefl;  and 
numing  approximately  south  eighty-one  degrees  and  sixteen  minutes  east  (S  81^ 
16'  £)  about  two  hundred  and  thirty-five  (235)  feet  along  said  fence  and  w^ll  to 
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a  point  in  the  division  fence  between  the  said  lands  supposed  to  belong  to  tlie 
Lang  estate  and  the  said  land  containing  gravel  pit  and  supposed  to  belong  to 
the  Boston  &  Maine  Railroad ;  thence  deflecting  to  the  right  and  running  approxi- 
mately south  one  degree  and  forty-five  minutes  east  (S  1^  46'  £)  about  three  hun- 
dred and  fifty-three  (353)  feet  along  said  division  fence  to  the  point  of  beginning, 
comprising  an  area  of  fourteen  and  thirteen  hundredths  (14.13)  acres,  more  or 
less. 

Description  for  Taking  of  Land  of  John  8.  Keyes, 

Beginning  at  an  angle  or  comer  where  land  supposed  now  or  lately  to  belong 
to  the  estate  of  Catherine  (alias  Kate)  Lang,  and  land  containing  gravel  pit  and 
supposed  to  belong  to  the  Boston  &  Maine  Railroad  (formerly  Middlesex  Central 
Railroad),  and  lands  supposed  to  belong  to  John  S.  Keyes,  respectively,  meet,  and 
distant  about  three  hundred  and  fifty-three  (353)  feet  northerly  from  the  north 
line  of  the  location  of  the  said  Boston  &  Maine  Railroad  measured  along  the 
easterly  line  of  said  Lang  estate ;  thence  approximately  north  one  degree  and 
forty-five  minutes  west  (N  1°  45'  W)  magnetic,  in  prolongation  of  said  easterly 
line  one  hundred  and  twenty  (120)  feet  to  a  point ;  thence  defiecting  to  the  left 
through  an  angle  of  ninety  (90)  degrees  and  running  approximately  south  eighty- 
eight  degrees  and  fifteen  minutes  west  (S  88^  15'  W)  about  two  hundred  and 
fourteen  (214)  feet  to  an  angle  in  the  division  stone  wall  between  lands  supposed 
to  belong  to  said  Lang  estate  and  to  John  S.  Keyes,  respectively ;  thence  deflect- 
ing to  the  left  through  an  angle  of  approximately  seventy-seven  degrees  and  six 
minutes  (77°  &)  and  running  approximately  south  eleven  deg^es  and  nine 
minutes  west  (S  11°  9^  W)  about  seventy-nine  (79)  feet  along  said  wall  to  its 
intersection  with  the  division  fence  and  wall  between  said  lands  supposed  to 
belong  to  the  said  Lang  estate  and  to  John  S.  Keyes,  respectively ;  thence  de- 
flecting to  the  left  through  an  angle  of  approximately  ninety-two  degrees  and 
twenty-five  minutes  (92°  25^)  and  running  approximately  south  Qighty-one  de- 
grees and  sixteen  minutes  east  (S  81°  16'  £)  about  two  hundred  and  diirty-five 
(285)  feet  along  said  division  fence  and  wall  to  the  point  of  beginning,  compris- 
ing an  area  of  forty-nine  hundredths  (0.49)  of  an  acre,  more  or  less. 

Description  for  Taking  of  Land  now  or  lately  of  EstaU  of  Catherine  (alias  Kate) 

Langy  on  South  Side  of  Boston  db  Maine  Railroad. 

Beginning  at  a  point  on  the  south  line  of  the  Boston  &  Maine  Railroad  (formerly 
Middlesex  Central  Railroad)  location  at  its  intersection  with  the  division  line  be- 
tween land  supposed  now  or  lately  to  belong  to  the  estate  of  Catherine  (alias 
Kate)  Lang  and  land  supposed  to  belong  to  Patrick  W.  White,  said  point  being 
about  forty-one  (41)  feet  fix>m  the  south  rail  of  the  track  of  said  railroad ;  thence 
running  approximately  south  one  degree  and  forty-five  minutes  east  (S  1°  45'  E) 
magnetic,  along  said  division  line  about  one  thousand  and  eighty  (1,080)  feet  to 
land  supposed  to  belong  to  Enoch  Garfield ;  thence  defiecting  to  the  right  and 
running  approximately  south  eighty-eight  deg^es  and  fifteen  minutes  west  (S  88° 
15'  W)  along  the  division  line  between  the  lands  supposed  to  belong  to  said  Lang 
estate  and  to  said  Garfield,  respectively,  five  hundred  (500)  feet  to  a  point ;  thence 
defiecting  to  the  right  and  running  north  one  degree  and  forty-five  minutes  west 
(N  1°  45'  W)  two  hundred  and  ninety-five  (295)  feet  to  a  point ;  thence  deflecting 
ninety  (90)  degrees  to  the  right  and  running  approximately  north  eighty-eight 
degrees  and  flfteen  minutes  east  (N  88<^  15'  E)  one  hundred  (100)  feet  to  a  point; 
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thence  deflecting  ninety  (90)  degrees  to  the  left  and  running  approximately  north 
one  degree  and  forty-five  minutes  west  (N 1^  45'  W)  about  six  hundred  and  sixty- 
nine  (669)  feet  to  a  point  on  said  south  line  of  the  Boston  &  Maine  Railroad  loca- 
tion; thence  deflecting  to  the  right  and  running  approximately  north  seyenty-two 
degrees  and  forty-one  minutes  east  (N  72^  41'  E)  about  four  hundred  and  fifteen 
(415)  feet  along  said  railroad  location  to  the  point  of  beginning,  comprising  an 
area  of  ten  and  nine  hundredths  (10.09)  acres,  more  or  less. 

• 

Dantebs.  The  trustees  of  the  Danvers  Lunatic  Hospital  applied 
to  the  Board,  Aug,  1,  1898,  for  its  advice  with  reference  to  a  plan 
of  sewage  disposal  for  that  institution  upon  land  belonging  to  that 
institution.     The  Board  replied  to  this  application  as  follows :  — 

Auo.  4, 1898. 

The  State  Board  of  Health  received  from  you,  on  Aug.  1,  1898,  an  ap- 
plication for  advice  with  reference  to  ceilain  proposed  modifications  in 
the  details  of  the  .plan  of  sewage  disposal  for  the  Danvers  Lunatic  Hospital 
which  was  considered  by  the  Board  last  year. 

With  regard  to  the  plan  presented  at  that  time,  the  Board  advised  that, 
if  properly  carried  out,  the  plan  was  the  best  that  it  appeared  to  be  feasible 
to  adopt ;  but  it  was  suggested  that  the  filtration  area  might  with  advantage 
be  divided  into  a  larger  number  of  beds,  and  that  the  size  of  the  flush  tank 
might  be  reduced. 

Ton  now  state  that  you  have  secured  a  more  direct  route  for  the  main 
sewer  from  the  hospital  to  the  filtration  area,  by  which  the  construction 
of  a  portion  of  the  main  sewer  in  the  form  of  an  inverted  siphon  at  a  place 
where  the  line  crossed  a  valley  between  the  hospital  and  the  filtration  area 
is  avoided ;  and,  in  connection  with  the  proposed  change  in  the  location 
of  the  main  sewer,  it  is  proposed  to  change  the  position  of  the  flush  tank 
and  to  locate  it  upon  the  proposed  filtration  area. 

In  accordance  with  suggestions  of  the  Board  in  its  last  reply,  it  is  pro- 
posed to  reduce  the  size  of  the  flush  tank  and  to  divide  the  filtration  area 
into  a  larger  number  of  beds. 

The  present  plan  provides  for  ten  beds,  eight  of  which,  having  an  area 
of  about  a  quarter  of  an  acre  each,  are  to  be  constructed  of  the  coarsest 
material  available,  and  the  remaining  two,  having  an  area  of  about  half 
an  acre  each,  are  to  be  constructed  of  the  finer  material.  It  is  proposed 
to  use  a  portion  of  the  sewage  for  the  irrigation  of  crops  on  land  through 
which  the  main  sewer  is  to  pass. 

The  Board  has  carefully  considered  your  application  and  the  proposed 
modifications  in  your  plans,  and  concludes  that  the  changes  proposed  are 
desirable  in  the  interest  of  economy  and  facility  of  operation  of  the  plant ; 
and,  if  the  plans  are  carried  out  as  proposed,  they  will  provide  satisfactorily 
for  the  disposal  of  the  sewage  of  the  Danvers  Lunatic  Hospital,  provided 
the  size  of  the  institution  is  not  materially  increased. 
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It  will  be  necessary,  in  nsing  the  sewage  for  irrigating  purposes  in  the 
growing  of  crops,  to  avoid  danger  of  any  portion  of  the  unpurified  sewage 
finding  its  way  into  a  water  course. 

Gloucester.  An  application  was  received  Aug.  19,  1898,  firom 
the  committee  on  sewerage  of  Gloucester,  for  the  advice  of  the  Board 
relative  to  a  proposed  system  of  sewerage  for  that  city.  The  Board 
replied  to  this  application  as  follows :  — 

Sbft.  38»  1896. 

The  State  Board  of  Health  received  from  you,  on  Aug.  19,  1898,  an 
application  giving  notice  of  your  intention  to  introduce  a  system  of  sewer- 
age in  the  city  of  Gloucester ;  and  the  Board  is  informed  that  you  propose 
to  make  use  of  the  drain  which  at  present  dischai^es  into  the  outer  harbor 
opposite  Mansfield  Street  as  a  main  sewer,  and  change  the  point  of  dis- 
charge of  this  drain  from  its  present  location  to  a  point  in  the  Gloucester 
canal. 

The  application  was  accompanied  by  a  plan  entitled  ^'  Sketch  showing 
Proposed  Extension  of  Main  Drain  through  Western  Avenue  to  Gloucester 
Canal,"  which  shows  the  line  of  the  proposed  extension  from  the  present 
drain  at  the  place  where  it  crosses  Western  Avenue  through  Western 
Avenue  to  the  Gloucester  canal. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer  and 
has  carefully  considered  the  proposed  plan.  The  plan  appears  to  resemble 
closely  a  plan  submitted  to  this  Board  in  1888,  which  provided  for  the 
collection  of  the  sewage  of  a  large  district  in  Gloucester  which  would 
naturally  be  tributary  to  the  present  drain,  and  the  discharge  of  this  sew- 
age into  the  canal  in  the  vicinity  of  Cut  bridge.  The  opinion  of  the  Board, 
as  expressed  at  that  time,  was  as  follows :  — 

It  would  not  be  advisable  to  admit  sewage  to  the  drain  now  receiving  biook 
and  storm  water,  and  discharging  upon  the  beach  near  Western  Avenue.  A  sat- 
isfactory outlet  for  the  sewage  of  a  large  part  of  the  city  will  not  be  provided  by 
building  the  proposed  sewer  in  Western  Avenue  to  carry  the  contents  of  the  ex- 
isting drain  to  the  waterway  known  as  the  "  CvLf" 

The  city  has  grown  considerably  in  the  past  ten  years,  and  the  proposed 
sewer  outlet  would  be  in  the  immediate  vicinity  of  a  thickly  populated  por- 
tion of  the  city,  and  upon  a  shore  which  appears  to  be  used  as  a  place  of 
resort  by  many  people  in  the  summer  season.  Under  the  circumstances, 
the  Board  can  see  no  reason  for  changing  the  opinion  expressed  at  the  pre- 
vious time  with  reference  to  the  use  of  the  existing  drain  as  a  sewer  and 
the  disposal  of  the  sewage  by  discharging  it  into  Gloucester  canal,  or  the 
^^  Cut,"  and  is  of  the  opinion  that  all  sewage  should  be  kept  out  of  the 
''  Cut"  and  away  from  the  shores  in  the  neighborhood  of  its  outlet. 
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It  appears  that  the  drainage  discharged  from  the  drain  has  at  times  an 
offeosiye  odor,  and  that  the  present  place  of  disposal  of  the  drainage  is 
objectionable,  e6pecially  when  discolored  water  from  the  streets  is  dis- 
chaiged  after  a  heavy  rain.  It  is  possible  that  much  of  the  objection  to 
the  dischai^e  of  drainage  at  the  present  outlet  would  be  removed  by  ex- 
tending a  pipe  from  the  bottom  of  the  present  drain  to  a  place  of  discharge 
at  some  distance  beyond  low  water,  so  that,  except  in  very  heavy  rains, 
little  or  no  drainage  would  be  discharged  close  to  the  shore ;  but  the  Board 
is  of  the  opinion  that  in  any  case  it  is  important  to  keep  sewage  from  enter- 
ing the  present  drain  or  any  of  its  tributaries. 

The  Board  would  advise  that  the  whole  question  of  sewerage  for  the 
city  be  again  considered,  with  a  view  to  beginning  the  construction  of  a 
system  on  some  satisfactory  plan. 

Hatfield.  An  application  was  received,  Oct.  20,  1898,  from 
the  Board  of  Health  of  Hatfield,  for  the  advice  of  the  Board  rela- 
tive to  the  proposed  construction  of  certain  sewers  in  that  town  in- 
tended to  convey  the  sewage  of  certain  houses  to  the  Mill  River. 
The  Board  replied  to  this  application  as  follows :  — 

Dec.  1, 1898. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  construction  of  two  sewers  in  Hatfield,  to  discharge 
sewage  from  certain  houses  into  the  Mill  River  at  two  points  in  the  village, 
aod  has  caused  the  localities  to  be  examined  by  its  engineer. 

One  sewer  is  to  be  laid  in  School  Street,  and  will  provide  for  the  collec- 
tion of  the  sewage  of  four  houses  on  that  street.  It  is  proposed  to  dis- 
charge this  sewer  into  a  drain  which  crosses  the  highway  near  land  of  Jacob 
Carl,  and  runs  through  private  land  in  a  southerly  direction  to  Mill  River. 
At  the  place  where  this  drain  will  discharge  the  stream  has  a  sluggish 
current,  owing  to  a  dam  below,  and  solid  matters  from  the  sewage  will 
nitarally  tend  to  deposit  upon  the  sides  and  bottom  of  the  stream.  While 
there  are  no  houses  in  the  immediate  vicinity  of  the  stream  near  the  out- 
let of  the  drain,  the  main  portions  of  the  village  are  not  far  distant,  and, 
in  the  opinion  of  the  Board,  it  is  not  desirable  to  discharge  sewage  at 
this  place  continually,  even  in  small  quantity. 

The  other  sewer  mentioned  in  the  application  is  to  be  constructed  in 
Elm  Street,  and  it  is  proposed  to  discharge  the  sewage  into  the  Mill  River 
just  below  the  last  dam.  This  outlet  is  less  objectionable  from  a  sanitary 
point  of  view  than  the  one  farther  up  stream ;  but  if  any  considerable  num- 
ber of  houses  should  be  connected  with  this  sewer,  the  discharge  of  sewage 
at  this  place  might  become  objectionable  at  times  when  the  river  is  low. 

It  is  very  desirable,  in  the  opinion  of  the  Board,  not  only  to  keep  sewage 
from  entering  Mill  River  and  polluting  it  in  the  vicinity  of  the  village,  but 
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also  to  avoid  the  creation  of  namerous  sewer  outlets  into  the  streams  near 
the  village,  on  account  of  danger  that  local  nuisances  will  thereby  be  created. 
In  the  opinion  of  the  Board,  it  would  be  best  for  the  interests  of  the  town 
that,  before  any  sewers  are  constructed,  a  general  plan  of  sewerage  should 
be  prepared,  by  which  a  satisfactory  disposal  of  the  sewage  may  be  effected. 
All  sewers  hereafter  constructed  might  then  be  made  to  conform  to  this 
plan,  so  that  they  might  all  ultimately  form  a  part  of  the  completed 
system. 

The  Board  would  therefore  advise  that  you  cause  a  plan  to  be  prepared 
for  the  collection  and  disposal  of  the  sewage  of  the  main  village  of  Hat- 
field. The  Board  will  render  you  such  assistance  as  it  may  in  any  investi- 
gation as  to  the  disposal  of  sewage  that  you  may  desire  to  make,  and  will 
upon  application  advise  you  as  to  any  plan  for  the  sewerage  of  the  village 
which  you  may  wish  to  present. 

HiNOHAM.  An  application  was  received,  Oct.  14,  1898,  from  the 
board  of  health  of  Hingham,  for  the  advice  of  the  State  Board  of 
Health  relative  to  a  proposed  sewer  for  a  small  district  in  that  town 
known  as  Crow  Point.  The  Board  replied  to  this  application  as 
follows :  — 

Dec.  1, 189S. 

The  State  Board  of  Health  received  from  you,  on  Oct.  14,  1898,  an 
application  for  advice  with  reference  to  the  disposal  of  sewage  from  a  small 
summer  settlement  in  the  town  of  Hingham,  known  as  Crow  Point,  accom- 
panied by  a  plan  showing  the  lines  of  the  proposed  sewers  and  the  proposed 
location  of  the  sewer  outlet.  '  It  is  understood  to  be  a  part  of  your  plan 
that  each  house  is  to  be  provided  with  a  cess-pool,  and  that  the  sewers  are 
to  receive  the  overflow  from  these  cess-pools,  but  are  not  to  receive  storm 
water. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  proposed  plan.  The  proposed  system  of 
sewers,  with  such  extensions  as  can  be  made,  will  provide  for  collecting 
sewage  from  nearly  all  of  the  houses  oi>  Crow  Point,  and  for  houses  which 
may  be  built  on  high  land  to  the  west  of  the  point. 

The  quantity  of  sewage  that  is  likely  to  be  dischai^ed  from  the  proposed 
system  of  sewers  will  probably  be  very  small  for  several  years,  and  it  is 
not  likely  that  any  serious  trouble  will  be  caused  by  the  discharge  of  sewage 
at  the  place  proposed  at  all  times.  If  the  population  in  this  region  should 
increase  considerably,  and  a  much  larger  number  of  houses  should  be  con- 
nected with  the  sewers,  it  might  be  desirable  to  provide  an  outlet  into  the 
main  channel ;  and  for  this  reason  it  would  be  desirable  to  so  construct  the 
sewers  that  the  sewage  can,  at  some  future  time,  be  carried  further  to 
the  east,  along  the  northerly  side  of  Crow  Point,  and  discharged  into  the 
main  channel  well  out  from  the  entrance  of  Hingham  harbor. 
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With  the  modification  suggested,  the  Board  is  of  the  opinion  that  the 
plan  is  a  suitable  one  for  the  disposal  of  the  sewage  of  this  small  portion 
of  the  town  of  Hingham. 

HoLYOKE.  An  application  was  received,  June  18,  1898,  from  the 
board  of  public  works  of  Holyoke,  for  the  advice  of  the  State  Board 
of  Health  relative  to  a  proposed  system  of  sewerage  and  sewage  dis- 
posal for  a  district  of  Holyoke  lying  in  the  northerly  part  of  the  city 
above  the  dam.     The  Board  replied  to  this  application  as  follows :  — 

OoT.  6, 1896. 

The  State  Board  of  Health  received  from  you,  on  Jane  18,  1898,  an 
application  for  advice  with  reference  to  a  proposed  system  of  sewerage  and 
sewage  disposal  for  a  district  in  the  north-westerly  part  of  the  city  of 
Holyoke.  Subsequently,  on  August  24  and  September  22,  plans  were  re- 
ceived showing  outlines  of  a  proposed  sewerage  and  drainage  district,  its 
relation  to  the  present  sewerage  system  of  the  portion  of  the  city  in  that 
vicinity,  and  the  location,  sizes  and  grades  of  a  proposed  system  of 
domestic  sewers  and  a  system  of  storm-water  drains  to  serve  the  new 
district. 

The  district  shown  upon  the  plans  is  bounded  by  the  city  limits  on  the 
north  and  approximately  by  Pleasant  Street  on  the  east,  Lincoln  Street  on 
the  south,  and  aline  about  1,500  feet  west  of  Northampton  Street  on  the 
west.  A  separate  system  of  pipes  to  receive  storm  water  includes  the  por- 
tion of  the  district  lying  between  Lincoln  Street  on  the  south,  Morrill 
Avenue  on  the  north,  Pearl  Street  on  the  east,  and  a  line  about  1,500  feet 
west  of  Northampton  Street  on  the  west.  It  is  proposed  to  discharge  the 
storm  water  from  this  system  of  pipes  into  the  upper  end  of  the  Dingle,  so 
called,  through  which  it  will  flow  to  the  Connecticut  River. 

The  plan  for  the  sewerage  of  the  district  provides  for  a  system  of  pipe 
eeweiB  discharging  into  a  trunk  sewer  in  Jefferson  Street  near  the  upper 
end  of  the  Dingle,  from  which  the  course  of  the  sewer  is  northerly  through 
Jefferson  Street  and  private  land  and  down  through  a  deep  ravine  to  the 
Connecticut  River,  into  which  it  is  proposed  to  discharge  the  sewage  directly 
witboat  treatment.  You  propose  to  include  in  the  new  sewer  district  a 
small  portion  of  the  district  which  at  present  discharges  into  the  Walnut 
Street  sewer  system,  which  drains  a  district  lying  south-west  of  the  new 
district.  The  sewers  in  the  Walnut  Street  district  are  constructed  upon 
the  so  caUed  combined  plan,  and  in  the  portion  of  the  Walnut  Street  dis- 
trict which  it  is  proposed  to  divert  into  the  new  district,  one  of  the  sewers 
will,  by  the  proposed  plan,  continue  to  receive  storm  water,  in  addition  to 
the  sewage.  You  also  propose  to  receive  into  the  main  trunk  sewer  the 
storm  water  from  the  area  bounded  by  Dartmouth  Street  on  the  south. 
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Frinceton  Street  on  the  north.  Pleasant  Street  on  the  east  and  the  trank 
sewer  on  the  west.  In  addition  to  the  storm  water  from  these  areas,  yoa 
propose  to  receive  into  the  sewer  system  the  roof  water  from  the  whole 
district. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  plans  submitted. 

The  storm-water  sewers  as  designed  appear  to  be  of  sufficient  size  for 
the  reception  and  removal  of  all  of  the  storm  water  which  would  natarally 
be  tributary  to  them  from  the  district  which  they  are  designed  to  serve ; 
and  the  Board  is  of  the  opinion  that  the  discharge  of  this  water  into  tiiie 
Dingle,  so  called,  is  a  satisfactory  method  of  disposal  of  this  water,  from 
a  sanitary  point  of  view. 

The  system  of  sewers  designed  for  the  reception  of  sewage  and  roof 
water,  together  with  storm  water  from  a  portion  of  the  district,  is  of  smaller 
capacity  than  desirable ;  and,  if  all  of  the  roof  water  is  to  be  admitted  to 
them,  there  is  much  danger  that  they  will  prove  inadequate  to  carry  off 
all  of  the  water  at  all  times,  if  the  number  of  houses  in  the  district  becomes 
as  large  as  it  seems  reasonable  to  anticipate.  While  there  might  be  some 
advantage  in  discharging  roof  water  into  the  sewers  designed  for  the  recep- 
tion of  house  sewage,  it  appears  to  be  entirely  practicable  to  discharge  this 
water  into  the  storm-water  sewers,  and  the  latter  system,  as  designed,  is 
probably  of  sufficient  capacity  to  receive  this  water,  in  addition  to  the  re- 
maining storm  water  from  the  district  which  it  is  designed  to  serve.  By 
discharging  the  roof  water  into  the  storm-water  sewers,  it  will  be  practi- 
cable to  considerably  reduce  the  size  of  the  proposed  sewers  for  the  recep- 
tion of  sewage.  Moreover,  it  is  very  desirable  to  keep  all  storm  water 
and  ground  water  separate  from  the  sewage,  since  the  cost  of  the  final 
disposal  of  the  sewage  may  be  considerably  reduced  thereby.  The  Board 
would  therefore  advise  that  all  roof  water  and  all  storm  water  be  kept  out 
of  the  sewers  designed  for  the  reception  of  domestic  sewage,  and  that  the 
sizes  of  these  sewers  be  made  no  greater  than  is  necessary  for  the  removal 
of  the  house  sewage  and  the  probable  leakage  into  them,  estimated  upon 
a  liberal  basis. 

The  disposal  of  the  sewage  by  discharging  it  directly  into  the  Connecti- 
cut River,  about  If  miles  above  the  Holyoke  dam,  might  not  cause  any 
serious  harm  for  the  present  at  least,  if  the  sewage  is  discharged  as  much 
as  100  feet  from  the  shore  of  the  river  at  low  water.  The  Board  is  of  the 
opinion,  however,  that  no  large  amount  of  sewage  can  safely  be  disposed 
of  in  this  way,  owing  to  the  conditions  that  prevail  in  this  vicinity  and 
below,  where  there  is  a  large  population  near  the  nver  and  the  canals 
leading  therefrom.  There  is  evidence  that  considerable  numbers  of  people 
use  the  river  and  its  banks  in  the  region  of  the  proposed  sewer  outlet  and 
between  this  place  and  the  Holyoke  dam  as  a  place  of  resort  in  the  sunmier 
season,  and  it  is  probable  that  the  use  of  the  river  in  this  way  will  increase 


No.  34.]         ADVICE  TO   CITIES   AND   TOWNS.  85 

in  the  futare.     Under  the  circumstances,  it  is  desirable  to  keep  crude  sew- 
age out  of  the  river  in  this  vicinity. 

In  this  connection,  it  may  be  said  that  the  attention  of  the  Board  has 
been  called  to  the  discharge  of  sewage  into  the  river  near  Walnut  Street, 
about  a  quarter  of  a  mile  above  the  entrance  to  the  canals  of  the  Holyoke 
AVater  Power  Company,  where  the  conditions  are  such  that  much  of  the 
time  all  of  the  sewage  discharged  from  the  sewer  probably  passes  into  the 
canals.  There  is  evidence,  also,  that  much  sewage  from  the  mills  is  dis- 
chai^ed  directly  into  the  canals  in  their  course  through  the  city.  These 
conditions  are  very  objectionable  from  a  sanitary  point  of  view ;  and  the 
public  interest  requires  that  the  sewage  from  the  Walnut  Street  sewer  be 
diverted  to  a  more  suitable  place  of  disposal,  and  that  sewage  be  prevented 
from  entering  the  canals. 

The  indications  are  that  it  is  feasible  to  convey  the  sewage  from  the 
proposed  new  district  to  the  Walnut  Street  outlet,  and  dispose  of  it  in 
connection  with  the  sewage  from  the  Walnut  Street  sewer,  and  this  method 
of  disposal  might  ultimately  be  the  most  satisfactory  to  adopt ;  but  it  does 
not  appear  that  any  plan  for  the  diversion  of  the  sewage  from  the  Walnut 
Street  outlet  to  a  more  suitable  place  of  disposal  has  yet  been  prepared, 
and  considerable  time  would  probably  be  required  to  prepare  a  suitable 
plan.  It  is  understood  that  sewerage  facilities  are  somewhat  urgently 
needed  in  the  district  for  which  the  plans  under  consideration  are  intended 
to  provide ;  and,  under  the  circumstances,  it  is  probably  best  not  to  com- 
plicate the  problem  of  disposing  of  the  Walnut  Street  sewage  by  convey- 
ing the  sewage  from  the  new  district  to  the  Walnut  Street  outlet,  for  the 
present  at  least. 

An  examination  of  the  land  in  the  region  in  which  it  is  proposed  to  con- 
stmct  the  new  sewer  system  indicates  that  a  suitable  area  for  the  disposal 
of  the  sewage  of  this  system  for  a  considerable  number  of  years  in  the 
future  may  be  found  in  the  vicinity  of  Jones'  Pond,  so  called,  near  the 
bank  of  the  river  south  of  the  proposed  sewer  outlet.  The  area  of  filter 
beds  required  to  purify  the  sewage  from  the  present  population  would 
probably  not  exceed  three  acres,  provided  all  storm  water,  and,  so  far  as 
practicable,  ground  water,  should  be  kept  out  of  the  sewers. 

If  suitable  filter  beds  can  be  constructed  at  this  place  for  the  purification 
of  the  sewage  at  a  reasonable  cost,  this  would  probably  be  the  most  satis- 
factory method  of  sewage  disposal  to  adopt ;  and,  in  view  of  all  the  cir- 
cumfitances,  the  Board  would  advise  that,  before  constructing  the  proposed 
system  of  sewerage,  you  investigate  the  feasibility  and  probable  cost  of 
conveying  the  sewage  to  the  land  referred  to  near  the  Connecticut  River 
south  of  Jones'  Pond,  and  purifying  it  there  by  filtration. 

The  Board  will,  if  you  so  request,  assist  you  in  this  investigation  by 
makiog  all  necessary  analyses  of  soil,  and  will  give  you  further  advice  in 
the  matter  when  you  have  the  results  of  the  investigations  to  present. 
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Lee.  The  State  Board  of  Health  was  informed  that  it  was  pro- 
posed to  build  certain  sewers  in  the  town  of  Lee,  having  their  out- 
let into  the  Housatonic  River.  The  State  Board,  therefore,  sent  a 
communication  to  the  selectmen  of  Lee,  as  follows :  — 

Nov.  17,  1898. 

The  State  Board  of  Health  is  informed  that  it  is  proposed  to  construct 
sewers  in  the  village  of  Lee  in  accordance  with  a  plan  which  has  been  sub- 
mitted to  your  board,  and  it  is  understood  that  the  sewage  is  to  be  disposed 
of  by  discharging  it  into  the  Housatonic  River.  The  evidence  before  this 
Board  would  indicate  that  the  plan  of  sewerage  in  question  is  one  which 
should  be  submitted  to  this  Board  for  advice,  in  accordance  with  the  pro- 
visions of  chapter  375  of  the  Acts  of  1888.  If  it  is  intended  to  construct 
a  sewer  or  sewers  discharging  into  the  Housatonic  River  or  any  other 
stream,  you  will,  of  course,  wish  to  comply  with  the  provisions  of  the  act 
referred  to,  and  a  blank  form  of  application  is  accordingly  enclosed.  Upon 
receipt  of  an  application,  the  Board  will  give  the  matter  prompt  attention. 

Leicester.  The  attention  of  the  Board  was  called,  July  26,  1898, 
by  the  water  commissioners  of  Worcester,  to  the  imperfect  purifi- 
cation of  the  sewage  at  the  disposal  beds  at  the  Leicester  Poor  Farm, 
and  the  possibility  of  the  pollution  of  the  water  supply  of  Worcester 
as  a  consequence.  The  State  Board  of  Health  made  an  investigation 
of  the  matter,  and  sent  the  following  communication  to  the  selectmen 
and  overseers  of  the  poor  of  Leicester :  — 

Sbpt.  1, 1898. 

The  results  of  chemical  analyses  made  by  this  Board  of  the  effluent  from 
the  sewage  filter  beds  at  the  Leicester  Poor  Farm  show  that  it  contains  at 
times  a  large  proportion  of  unoxidized  organic  matter,  indicating  that  the 
action  of  the  filters  is  at  times  IneflQcient  in  the  purification  of  the  sewage ; 
and  an  examination  of  the  filters  by  one  of  the  engineers  of  the  Board  indi- 
cates that  they  are  not  operated  in  the  manner  necessary  to  produce  the 
best  results.  It  appears  that  the  sewage  has  been  allowed  to  flow  upon 
one  of  the  beds  continuously  for  a  period  of  several  days,  thereby  pre- 
venting the  necessary  air  from  entering  the  filter  and  effecting  the  purifi- 
cation of  the  sewage.  If  all  of  the  beds  were  used,  and  the  sewage  changed 
frequently  from  bed  to  bed,  satisfactory  purification  could  be  effected,  pro- 
vided the  filters  were  given  the  necessary  attention,  and  were  kept  in  proper 
condition  by  scraping  or  raking  from  time  to  time. 

The  efiSuent  from  the  filter  beds  finds  its  way  into  one  of  the  feeders  of 
the  water  supply  of  the  city  of  Worcester,  and  the  discharge  of  unpurified 
or  partially  purified  sewage  from  these  beds  will  cause  a  pollution  of  this 
water  supply,  and  is  contrary  to  existing  statutes. 
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The  Board  would  therefore  urge  that  the  necessary  steps  be  taken  with- 
out delay  to  provide  that  sewage  be  applied  at  proper  intervals  and  in  such  • 
a  manner  as  to  insure  a  purified  effluent  from  the  filter  beds  at  the  Leicester 
Poor  Farm.  It  may  be  found  that,  even  with  proper  application  of  the 
sewage,  satisfactory  purification  may  not  result  in  winter,  on  account  of 
freezing.  If  this  should  be  found  to  be  the  case,  the  difficulty  can  be 
avoided  by  protecting  the  filtering  area  by  a  cover  which  will  prevent 
freezing. 

Lexington.  An  application  was  received  from  the  sewer  com- 
missioners of  Lexington,  March  24,  1898,  under  the  general  act  of 
1888,  chapter  375,  and  chapters  504  and  520  of  the  Acts  of  1897, 
for  the  advice  of  the  Board  with  reference  to  a  proposed  system  of 
sewerage  and  sewage  disposal  for  the  town  of  Lexington.  After  a 
hearing,  as  required  by  the  provisions  of  chapter  504,  section  17, 
Acts  of  1897,  at  which  the  sewer  commissioners  of  Lexington  and 
the  water  commissioners  of  Arlington  were  present,  the  Board  replied 
to  the  application  as  follows  :  — 

April  16, 1898.  I 

The  State  Board  of  Health  received  from  you,  on  March  24,  1898,  an 
application,  under  the  authority  of  chapter  375  of  the  Acts  of  1888  and 
chapters  504  and  520  of  the  Acts  of  1897,  dated  March  22,  1898,  giviug 
notice  of  your  intention  to  introduce  a  system  of  sewerage  in  the  town  of 
Lexington,  Mass.,  and  submitting  a  plan  of  your  proposed  system  for  the 
approval  of  this  Board.  In  this  application  your  proposed  plans  are  set 
forth  as  follows  :  — 

A  general  description  of  the  system  of  sewerage  proposed  is  given  in  the  report 
of  McClintock  and  Woodfall,  civil  engineers,  dated  Jan.  18, 1897,  contained  in  the 
printed  pamphlet  submitted  herewith,  the  discharge  of  the  sewage  to  be  into  the 
metropolitan  sewer  as  extended  to  the  dividing  line  between  Arlington  and  Lex- 
ington, under  chapter  520  of  the  Acts  of  1897.  (Disregard  cancelled  portions  of 
pages  8,  9, 10,  and  11  of  said  report) 

The  sizes,  directions  of  flow  and  approximate  locations  of  the  several  sewers 
proposed  to  be  built  for  house  drainage  are  shown  on  the  map  accompanying  said 
Kport,  and  entitled  *'  Plan  Showing  Proposed  System  of  Sewers  for  the  Town  of 
Lexington,  Mass.  Designed  by  McClintock  and  Woodfall,  Civil  Engineers,  15 
Comrt  Square,  Boston,  Mass.,  1897.^'  * 

The  grade  of  the  main  and  intercepting  sewer  is  to  be  at  no  place  less  than 
1  foot  in  1,000  feet.  Following  is  a  general  description  of  said  sewer:  A  sewer 
dO  inches  in  diameter,  starting  at  the  dividing  line  between  the  towns  of  Arlington 
tod  Lexington,  and  extending  through  Massachusetts  Avenue  to  the  junction 
thereof  with  Flint  or  Curve  Street ;  thence  running  easterly  and  northerly  through 
portions  of  Flint  or  Curve  Street ;  thence  north-easterly  across  private  lands  to 
wad  across  the  Arlington  Branch  Railroad ;  thence  northerly  or  north-westerly  in 
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and  along  the  location  of  said  railroad,  about  2,000  feet ;  thence  ronning  nearly 
•  parallel  with  the  north-easterly  line  of  the  location  of  said  railroad  about  1,500 
feet  to  a  point  near  Munroe^s  station ;  thence  continuing  as  an  18-inch  pipe  in  a 
line  approximately  parallel  with  the  north-easterly  side  of  said  railroad  location, 
about  1,100  or  1,200  feet ;  thence  an  18-inch  pipe  in  a  northerly  direction  across 
the  head  of  Munroe^s  Meadows  and  private  lands  to  and  across  Wobum  and  Vine 
streets  to  a  point  about  165  feet  northerly  firom  Vine  Street ;  thence  a  15-inch  pipe 
across  private  lands  to  the  lane  at  the  base  of  Granny  Hill  leading  to  the  Hayes 
house. 

Into  this  main  and  intercepting  sewer  will  be  connected  at  sundry  places  the 
several  sewers  leading  from  the  Centre  and  £ast  villages. 

Such  portions  of  the  main  and  intercepting  sewer  between  the  junction  of 
Pleasant  Street  and  Massachusetts  Avenue  and  Vine  Street  as  the  State  Board 
of  Health  shall  require,  and  so  much  of  each  lateral  sewer  within  the  water-shed 
of  the  Arlington  water  supply  as  shall  lie  between  a  level  even  with  the  top  of  the 
main  or  intercepting  sewer  at  the  place  where  such  lateral  sewer  connects  there- 
with and  the  place  of  connection  wilf  be  constructed  of  iron  pipe  with  carefully 
made  lead  joints.  Similarly,  where  any  sewer  crosses  a  stream  or  brook  which 
is  tributary  to  the  Arlington  water  supply,  iron  pipe  with  leaded  joints  will  be 
used  at  such  crossing,  and  for  a  distance  of  about  12  feet  on  either  side  thereof. 

Surface  water  is  not  to  be  conducted  into  the  sewers ;  but  sub-drains  have  been 
planned  to  take  care  of  such  water,  and  drain  low-lying  and  wet  parts  of  the  town, 
the  discharge  to  be  into  natural  water  courses,  as  may  be  approved  by  said  Board 
of  Health. 

At  the  hearing  upon  the  foregoing  application,  plans  prepared  by  said  Media- 
took  and  Woodfall  will  be  submitted,  showing  in  detail  the  work  to  be  done  in 
constructing  said  system. 


In  accordance  with  the  provisions  of  chapter  504  of  the  Acts  of  1897, 
the  State  Board  of  Health,  upon  receipt  of  your  application,  gave  notice 
to  the  board  of  water  commissioners  of  the  town  of  Arlington  of  a  hearing 
upon  your  application,  as  required  by  section  17  of  said  chapter  504,  to 
be  held  at  the  rooms  of  the  Board,  at  the  State  House,  on  April  7,  1898, 
at  eleven  o'clock.  At  this  hearing  there  were  present  the  board  of  wat.er 
commissioners  of  the  town  of  Arlington  with  their  engineer  and  your  board 
with  your  engineers ;  and  plans  were  presented  by  you,  showing  in  detail 
the  work  to  be  done  in  constructing  a  system  of  sewerage  for  the  town  of 
Lexington,  which  is  designed  to  discharge  into  the  metropolitan  sewer  as 
extended  to  the  dividing  line  between  Arlington  and  Lexington,  under 
chapter  520  of  the  Acts  of  1897. 

It  appearing  that  some  modifications  with  a  view  to  further  protection 
of  the  water  supply  of  the  town  of  Arlington  were  deemed  desirable  by 
the  water  commissioners  of  that  town,  it  was  suggested  that  your  board 
confer  with  the  water  commissioners  of  the  town  of  Arlington,  and  sub- 
sequently submit  such  amendments  to  your  plan  as  might,  after  the  con- 
sultation suggested,  seem  desirable ;  and  subsequently,  on  the  same  day 
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before  said  hearing  was  closed,  you  presented  the  following  modifications 
of  yonr  proposed  plan :  — 

In  the  matter  of  the  application  filed  by  the  sewer  commissioners  of  Lexington, 
March  23, 1898,  for  an  approval  of  a  system  of  sewerage  for  that  town,  which 
application,  after  due  notice  to  the  board  of  water  commissioners  of  the  town  of 
Arlington,  is  now  being  heard  by  your  Board,  the  undersigned  ask  leave  to  modify 
the  application  and  plans  as  below  set  forth :  — 

In  the  next  to  the  last  paragraph,  the  words,  **^  take  care  of  such  water  and  ^* 
are  stricken  out,  so  that  the  paragraph  as  amended  reads :  "  Surface  water  is  not 
to  be  conducted  into  the  sewers ;  but  sub-drains  have  been  planned  to  drain  low- 
Ijing  and  wet  parts  of  the  town,  the  discharge  to  be  into  natural  water  courses, 
as  may  be  approved  by  said  Board  of  Health.^* 

If  required  by  the  water  board  of  Arlington,  cut-off  dams  of  concrete  1  foot 
thick  will  be  constructed  at  the  three  several  places  shown  on  the  accompanying 
plan,  marked :  **  Plan  of  Proposed  System  of  Sewers  for  the  Town  of  Lexington, 
Mass.,  designed  by  McClintock  and  Woodfall,  1897.'^  These  dams  are  to  be  2 
feet  wider  than  the  sewer  trench  (t.  e.,  overlapping  1  foot  on  either  side),  and  are 
to  eitend  from  a  point  2  feet  below  the  ground^s  surface  to  a  point  6  inches  below 
the  bottom  of  the  sewer,  or  the  underdrain,  as  the  case  may  be. 

If  a  permanent  sub-drain  is  constructed  in  the  East  Village,  it  shall  empty  into 
Brown  Brook,  just  below  the  present  outlet  of  the  Brown  Brook  conduit,  so  called. 

Any  sub-drain  in  the  East  Village  made  for  use  only  during  or  in  connection 
with  &e  construction  of  the  sewer,  may  enter  into  Brown  Brook  at  any  point,  but 
in  case  of  any  such  temporaiy  sub-drain,  so  emptying,  its  outlet  shall  be  filled 
np  immediately  after  the  sewer  shall  have  been  constructed. 

The  town  of  Lexington,  in  contracting  for  the  construction  of  its  sewers,  will 
cause  to  be  inserted  in  the  contract  substantially  the  following  provisions :  — 

The  contractor  at  his  expense  shall  provide  proper  sanitaries. 

No  sanitary  to  be  located  within  100  feet  of  any  brook  tributary  to  the  Arling- 
ton water  supply. 

The  engineer  may  designate  the  position  of  the  sanitaries. 

Sanitaries  shall  be  left  in  one  location  as  short  a  time  as  possible,  and  on 
removal  all  foul  matter  shall  be  removed  to  such  location  as  the  engineer  desig- 
nates, and  there  buried. 

The  contractor  must  see  that  the  men  employed  on  the  work  use  the  proper 
sanitaries  provided  for  them. 

No  sanitary  to  be  put  over  the  sewer  trench  within  the  territory  tributary  to 
Arlington's  water  supply. 

Acoompaoying  this  communication  was  a  statement  signed  by  the  water 
commissioners  of  Arlington  and  the  sewer  commissioners  of  Lexington, 
as  follows :  — 

The  several  matters  discussed  before  your  Board  this  morning  are  disposed  of 
to  our  mutual  satisfaction,  except  that  we  differ  as  to  the  necessity  of  any  require- 
ment to  be  made  by  your  Board  with  reference  to  the  policing  of  the  sewer  dis- 
trict, and  also  as  to  the  necessity  of  any  requirement  with  respect  to  disposing  of 
water  pumped  out  of  the  sewer  trenches  during  the  period  of  construction. 
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These  two  matters  are  left  to  be  determined  by  your  Board.  Tou  are  to  in- 
corporate in  your  order  of  approval  such  provisions  on  these  matters,  if  any,  as 
you  shall  think  necessary  and  proper. 

It  is  understood  that  no  provision  is  to  be  made  therein  with  regard  to  divert- 
ing or  disposing  of  the  waters  of  **  Village  Brook." 

The  Board  has  carefully  considered  your  proposed  system  of  sewerage, 
with  the  modifications  referred  to,  and  the  plans  submitted,  and  concludes 
that,  in  general,  they  are  appropriate  for  the  sewerage  of  the  town  of  Lex- 
ington, and  that  the  disposal  of  the  sewage  in  connection  with  the  metro- 
politan sewerage  system  is  the  best  method  of  disposal  for  the  town  to 
adopt. 

The  disposal  of  water  collected  by  the  proposed  underdrains  beneath  the 
sewers,  by  discharging  it  into  Vine  Brook  and  into  Brown  Brook  below  the 
lower  end  of  the  Brown  Brook  conduit,  as  indicated  upon  the  plans  sub- 
mitted, does  not  appear  to  be  objectionable. 

With  reference  to  policing  the  district  in  which  sewers  are  to  be  con- 
structed during  the  period  of  construction,  the  Board  is  of  the  opinion 
that,  under  the  circumstances,  extra  precautions  should  be  taken  by  the 
town  of  Lexington  to  prevent  danger  of  polluting  the  sources  of  the  Arling- 
ton water  supply,  in  consequence  of  the  operations  carried  on  by  the  town 
of  Lexington,  by  providing  sanitaries,  so  called,  in  suitable  places  not  over 
the  sewer  trenches,  by  requiring  the  use  of  the  sanitaries  by  the  persons 
engaged  upon  the  work,  by  making  provision  for  the  removal  and  proper 
disposal  of  all  matters  deposited  therein,  by  preventing  the  encampment 
of  laborers  within  the  water-shed  of  the  Arlington  water  supply  in  the  town 
of  Lexington,  and  by  policing  the  district  in  case  other  safeguards  shall 
not  prove  effectual  in  preventing  contamination  of  the  sources  of  water 
supply  of  the  town  of  Arlington  within  the  limits  of  the  town  of  Lexington. 

With  regard  to  the  disposal  of  water  pumped  out  of  the  sewer  trenches 
during  the  period  of  construction,  it  may  be  said  that  if,  by  providing 
proper  sanitaries  and  by  other  precautions  before  mentioned,  all  pollutions 
are  kept  out  of  the  trenches,  it  seems  to  the  Board  that  there  should  be 
no  danger  in  the  disposal  of  this  water  by  discharge  upon  the  ground  in 
the  vicinity  of  the  trenches. 

In  this  matter  and  in  that  of  policing  the  district  and  in  such  other  mat- 
ters not  specially  mentioned,  where  conditions  might  arise  that  could  en- 
danger the  healthf  ulness  of  the  water  supply  of  the  town  of  Arlington,  the 
State  Board  of  Health  assumes  and  expects  that  the  sewer  commissioners 
of  the  town  of  Lexington  will  take  every  precaution  to  protect  that  water 
supply  that  they  would  take  if  it  were  the  water  supply  of  their  own  town. 

The  Boftrd  hereby  approves  the  proposed  system  and  plans,  as  outlined 
in  your  communications  of  March  22,  1898,  and  April  7,  1898,  and  shown 
upon  plans  submitted  and  filed  upon  the  latter  date,  and  requires  that  all 
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portions  of  the  main  and  intercepting  sewer  which  lie  between  the  junction 
of  Pleasant  Street  and  Massachusetts  Avenue  and  Vine  Street  shall  be 
constructed  of  iron  pipe  with  carefully  made  lead  joints. 

LoNOMEADOw.  The  selectmen  of  Longmeadow  applied  to  the 
Board,  April  22,  1898,  for  its  advice  with  reference  to  the  sewage 
disposal  of  that  town.  The  Board  replied  to  this  application  as 
follows :  — 

Mat  5, 1896. 

The  State  Board  of  Health  received  from  you,  on  April  25,  1898,  an 
application  for  advice  with  reference  to  disposing  of  the  sewage  of  the 
town  of  Longmeadow,  and  subsequently  a  plan  was  received  showing  a 
proposed  system  of  sewerage  for  the  extreme  northerly  portion  of  the  town. 
It  is  proposed  to  collect  the  sewage  into  a  sewer  in  Lewis  Street,  in  the 
Tftiley  of  Cooley  Brook,  and  to  convey  it  to  a  point  of  temporary  discharge 
in  the  vicinity  of  the  westerly  end  of  Lewis  Street,  and  you  desire  advice 
ss  to  the  best  metiiod  of  disposing  of  this  sewage. 

To  discharge  the  sewage  untreated  into  Cooley  Brook  would  undoubtedly 
create  a  serious  nuisance,  and  there  appear  to  be  only  two  methods  by 
which  the  sewage  from  this  sewer  can  be  satisfactorily  disposed  of ;  one 
by  constructing  a  sewer  to  discharge  the  sewage  into  the  Connecticut  River, 
and  the  other  by  constructing  filter  beds  near  the  outlet  of  the  sewer  and 
purifying  the  sewage  thereon. 

The  Board  has  not  at  present  sufficient  information  with  regard  to  the 
probable  cost  of  either  of  these  plans  to  be  able  to  advise  you  definitely  as 
to  which  plan  is  the  most  appropriate  one  for  the  town  to  adopt.  The 
Board  would,  therefore,  advise  that  you  cause  a  careful  investigation  of 
both  of  these  plans  to  be  made  by  your  engineers,  and  careful  estimates 
of  the  cost  to  be  made ;  at  the  same  time,  the  whole  question  of  the  sew- 
erage of  your  town  should  be  carefully  considered,  in  order  that  the  por- 
tion of  the  system  which  you  now  propose  to  construct  may  bear  a  proper 
relation  to  the  sewerage  of  the  remainder  of  the  town  when  it  may  become 
necessary,  thas  possibly  effecting  a  considerable  saving  in  the  ultimate 
cost  of  the  works. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
when  you  have  the  results  of  further  investigations  to  present. 

A  subsequent  application  was  made  by  the  same  authorities  for 
the  approval  by  the  Board  of  a  certain  tract  of  land  in  Longmeadow 
for  the  purpose  of  sewage  disposal ;  and  after  a  public  hearing,  as 
required  by  chapter  124  of  the  Acts  of  1890,  the  Board  transmitted 
the  following  reply  to  the  selectmen  of  Longmeadow :  — 
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JuLT  28, 1898. 

The  State  Board  of  Health  received  from  you,  on  June  22,  1898,  an 
application  for  the  approval  by  the  Board  of  the  taking  of  certain  lands  in 
the  town  of  Longmeadow,  as  shown  upon  the  plan  submitted  with  your 
application,  for  the  purification  and  disposal  of  sewage. 

In  response  to  this  application,  the  State  Board  of  Health  gave  notice 
that,  in  accordance  with  the  requirements  of  chapter  50,  section  1  of  the 
Public  Statutes,  as  amended  by  chapter  124  of  the  Acts  of  1890,  a  public 
hearing  relative  to  the  taking  of  the  land  in  question  for  the  purification 
and  disposal  of  sewage  would  be  given  at  its  ofidce  on  July  7,  1898.  At 
this  hearing  no  person  appeared  to  oppose  the  proposed  taking  of  the  land 
refeiTed  to,  and  the  Board  voted  to  approve  the  purchase  or  taking  by  the 
town  of  Longmeadow,  for  the  purification  and  disposal  of  sewage,  of  land 
now  or  formerly  of  the  estate  of  W.  Q.  Emerson,  situated  north-westerly 
of  Riverview  Street,  nearly  opposite  its  junction  with  Lewis  Street  in  said 
town,  and  shown  upon  a  plan  submitted  by  you,  entitled,  '^  Proposed  filter 
bed  for  the  town  of  Longmeadow,  Mass. ;  Durkee,  White  and  Towne, 
Engineers.  June,  1898.  Scale  thirty  feet  per  inch,"  the  land  being 
bounded,  measured  and  described  as  follows :  — 

Beginning  at  a  monument  at  the  south-west  comer  of  land  now  or  formerly  of 
James  H.  Lewis,  and  running  thence  along  the  westerly  line  ofland  of  said  Lewis^ 
N.  8^  57'  E.  203.39  feet  to  a  monnment.  Thence  along  the  westerly  line  of  said 
Lewis  N.  0^  21'  W.  141.25  feet  to  a  monument.  Thence  along  the  land  of  W.  6. 
Emerson  Est.  N.  1^  46'  W.  27.22  feet  to  a  monument  Thence  along  land  of 
Wm.  F.  Emerson  N.  59^  9'  W.  209.24  feet  to  a  monument  Thence  along  the 
land  of  Wm.  G.  Emerson  Est  S.  19"^  21'  W.  392.00  feet  to  a  monument  Thence 
along  land  of  Wm.  6.  Emerson  Est  S.  69^  49'  E.  300.38  feet  to  a  monument  at  the 
place  of  beginning.    Containing  2.25  acres  ofland. 

Upon  the  plan  submitted  are  shown  a  settling  basin  and  two  distributing 
basins,  but  no  further  details  of  the  proposed  method  of  purifying  the 
sewage  are  presented.  It  is  understood,  however,  that  suitable  filter  beds 
are  to  be  prepared  upon  the  land  as  needed. 

When  you  have  prepared  further  plans  for  the  disposal  of  the  sewage 
upon  the  land,  the  Board  will  give  you  further  advice  in  the  matter,  if  you 
so  request. 

Ludlow.  An  application  was  received,  June  13,  1898,  from  the 
Ludlow  Manufacturing  Company,  for  the  advice  of  the  Board  relative 
to  a  plan  of  sewerage  and  sewage  disposal  for  the  village  of  Ladlow, 
the  system  being  designed  to  receive  both  sewage  and  storm  vrater. 
The  Board  replied  to  this  application  as  follows :  — 
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JuLT  7, 1896. 

The  State  Board  of  Health  received  from  you,  on  June  13,  an  application 
for  advice  with  reference  to  a  proposed  system  of  sewerage  for  the  village 
of  Ludlow,  which  is  located  principally  in  the  town  of  Ludlow  and  partly 
in  the  town  of  Wilbraham  and  in  the  city  of  Springfield.  The  application 
was  accompanied  by  a  map,  showing  the  location  of  the  proposed  sewers 
and  their  outlets.  It  is  understood  that  the  sewers  are  to  be  designed  to 
receive  both  sewage  and  storm  water. 

For  the  portion  of  the  village  on  the  northerly  side  of  the  river  it  is  pro- 
posed to  provide  two  main  sewers,  one  to  receive  the  sewage  from  the 
portion  of  the  village  between  the  Athol  branch  of  the  Boston  &  Albany 
Railroad  and  the  Chicopee  River,  and  the  other  to  receive  sewage  from 
the  thickly  settled  portion  of  the  village  north  of  the  railroad.  It  is  pro- 
posed to  dischai^e  the  sewage  from  both  of  these  main  sewers  into  the 
t&il-race,  or  waste-way,  below  the  last  mill.  As  indicated  upon  the  plan, 
the  sewage  from  the  district  nearest  the  river  would  be  discharged  into  the 
waste-way  about  600  feet  from  the  point  where  the  waste-way  joins  the 
main  river,  while  the  sewage  from  the  district  north  of  the  railroad  would 
be  dischai^ed  into  the  waste-way  about  200  feet  from  the  point  where  it 
joins  the  main  river.  It  is  proposed  to  discharge  the  sewage  from  the  por- 
tion of  the  village  south  of  the  Chicopee  River  into  a  cove  a  short  distance 
below  the  lower  dam. 

The  Board  has  carefully  considered  the  proposed  plans,  and  has  caused 
the  locality  to  be  examined  by  its  engineer.  The  proposed  method  of  dis- 
posing of  the  sewage,  by  discharging  it  in  a  crude  state  into  the  Chicopee 
',  appears  to  the  Board  to  be  permissible,  under  present  conditions. 

The  proposed  plan  of  discharging  the  sewers  into  the  tail-race,  or  waste- 

ky,  below  the  mill  on  the  northerly  side  of  the  river,  might  not  be  seri- 
oasly  objectionable  if  there  were  a  flow  through  this  waste-way  at  all  times ; 
bat  when  the  mills  are  shut  down  it  appears  that  there  is  no  flow  in  this 
f^hannel,  and,  under  the  circumstances,  a  local  nuisance  is  liable  to  be 
created  if  the  sewers  are  discharged  into  it.  It  appears  to  be  feasible  to 
convey  the  sewers  to  a  point  of  discharge  into  the  river  below  the  outlet 
of  the  waste-way,  and  the  Board  would  recommend  that  this  be  done. 

The  proposed  sewer  outlet  on  the  south  side  of  the  river  is  so  located 
tiiat  it  will  not  be  likely  to  cause  offense  for  several  years  at  least ;  but 
the  water  in  this  cove  is  quite  still,  and  matter  from  the  sewage  may  col- 
lect along  the  shore  and  cause  an  odor  at  times  of  low  water  in  the  river. 
A  more  thorough  dilution  of  the  sewage  could  be  obtained  by  placing  the 
ootiet  in  the  river  near  the  lower  end  of  the  rapids  below  the  lower  dam, 
and  the  Board  wonld  suggest  that  you  consider  the  feasibility  of  making 
the  oatlet  at  this  place  when  the  sewers  are  constructed. 

WhilCt  in  the  opinion  of  the  Board,  it  is  permissible  to  discharge  the 
sewage  from  the  village  in  a  crude  state  into  the  Chicopee  River  for  the 
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present,  the  time  may  come  when  it  may  be  found  desirable  to  divert 
the  sewage  from  the  river.  Moi*eover,  it  appears  to  be  practicable,  with* 
out  great  cost,  to  dispose  of  the  sewage  upon  land  in  the  neighborhood  of 
the  village,  where  it  can  be  used  to  great  advantage  as  a  fertilizer  and  for 
the  in*igation  of  crops.  If  the  time  shall  come  when  it  is  found  necessary 
to  remove  the  sewage  from  the  river,  or  should  it  be  decided  to  use  it  upon 
land  in  the  beginning,  it  will  be  very  desirable  to  keep  the  sewage  separate 
from  the  storm  water,  so  as  to  avoid  unnecessary  expense  in  pumping  and 
disposing  of  the  sewage ;  and,  under  the  circumstances,  it  would  probably 
be  best  to  construct  the  sewers  in  the  beginning  upon  the  so-called  sep- 
arate plan,  that  is,  to  admit  sewage  only  to  the  sewers,  and  remove  the 
storm  water  and  roof  water  by  separate  channels. 

The  sizes  and  grades  of  the  proposed  sewers  have  not  been  submitted, 
BO  that  the  Board  is  unable  to  advise  as  to  their  capacity  for  serving  the 
proposed  territory. 

The  Board  will  give  you  further  advice  in  regard  to  this  portion  of  your 
proposed  plans,  if  you  desire,  and  will,  upon  request,  give  you  further 
information  or  advice,  should  you  conclude  to  dispose  of  the  sewage  upon 
land. 

Marlborough.  An  application  was  received,  July  25,  1898, 
from  the  mayor  of  Marlborough,  for  the  approval  of  the  Board, 
under  chapter  364  of  the  Acts  of  1898,  of  plans  for  a  proposed 
extension  of  the  system  of  sewerage  of  Marlborough  to  the  district 
bordering  upon  Lake  Williams,  for  the  pui-pose  of  protecting  the 
purity  of  the  water  of  that  lake.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Auo.  4, 1896. 

The  State  Board  of  Health  received  from  you,  on  July  25,  1898,  an  ap- 
plication giving  notice  of  your  intention  to  extend  the  sewerage  system  of 
the  city  of  Marlborough  by  constructing  sewers  in  the  district  about  Lake 
Williams,  and  submitting  plans  of  the  proposed  sewers  and  other  works 
for  the  advice  and  approval  of  the  Board,  as  required  by  chapter  375  of 
the  Acts  of  1888  and  chapter  864  of  the  Acts  of  1898. 

In  the  application  you  state  that  the  object  of  the  plan  is  to  preserve  the 
purity  of  the  water  of  Lake  Williams,  which  is  the  principal  source  of  water 
supply  of  the  city,  and  you  present  the  following  outline  of  your  proposed 
plans :  — 

At  the  present  time  there  are  about  eighty-one  houses  on  this  shed.  The  most 
feasible  way  to  handle  the  sewage  from  these  houses  at  the  present  time  seems  to 
be  to  collect  the  sewage  at  a  central  point,  and  pump  over  the  divide  into  our 
present  system. 
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As  ootiiiied  on  the  accompanying  plans,  we  propose  to  sewer  West  Main  Street, 
Lakeside  Avenue,  Williams  Street,  Lincoln  Street,  Winter  Street,  Elm  Street  and 
Bond  Street  The  sewage  is  to  be  collected  at  a  well  by  the  water  works  pump- 
ing station.  The  capacity  of  the  well  is  to  be  40,000  gallons,  and  will  be  below 
the  surface  of  the  water  in  the  lake  at  nearly  the  entire  time.  We  propose  to 
hare  two  pumps,  of  about  500,000  gallons  capacity,  to  be  operated  every  day,  in 
lifting  the  sewage  from  the  well  and  forcing  it  through  an  eight-inch  iron  pipe, 
to  the  junction  of  Broad  and  West  Main  streets,  at  which  place  it  will  flow  by 
gravity  through  our  present  system,  and  be  discharged  at  the  filter  beds  now  in 
use. 

We  propose  to  use  iron  pipe  with  calked  lead  joints  throughout  this  proposed 
system.  This  will  prevent  ground  water  entering  the  pipe,  and  prevent  possible 
leaks,  that  would  cause  pollution  to  the  lake  water. 

The  plane  submitted  show  the  location,  size  and  grade  of  the  proposed 
sewers,  which  are  designed  to  convey  the  sewage  of  all  of  the  thickly  set- 
tled territory  about  Lake  Williams  to  the  proposed  storage  well,  or  reser- 
voir, which  is  to  be  located  at  the  westerly  end  of  your  present  water 
works  pumping  station  on  the  northerly  shore  of  the  lake.  A  general  out- 
line of  the  proposed  storage  well,  or  reservoir,  and  pumping  station  is 
shown  on  the  plans  sabmitted.  From  this  it  appears  that  the  bottom  and 
sides  of  the  reservoir  are  to  be  constructed  of  concrete,  with  an  inside 
lining  of  brick  masonry  and  a  layer  of  asphalt  between  the  concrete  and 
masonry.  The  roof  is  to  consist  of  concrete  arches,  supported  upon  iron 
I-beams  and  brick  piers.  The  proposed  level  of  high  water  in  this  reser- 
voir is  to  be  three  feet  below  the  level  of  high  water  in  Lake  Williams, 
and  its  capacity  is  to  be  sufficient  to  hold  the  entire  flow  of  sewage  to  be 
expected  from  the  territory  in  which  the  sewera  are  to  be  built  for  a  period 
of  many  hours  under  present  conditions.  It  is  proposed  to  dispose  of  the 
sewage  by  pumping  it  into  one  of  the  main  sewers  of  the  city,  through 
which  it  will  flow  with  the  other  sewage  from  the  city  to  the  present  sew- 
age-disposal area. 

The  Board  has  caused  the  territory  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  proposed  plans.  There  is  no  doubt  that  the 
population  upon  the  water-shed  of  Lake  Williams  is  a  very  serious  menace 
to  the  purity  of  your  drinking-water  supply,  and  that  provision  should  be 
made  for  removing  all  sewage  from  this  district.  The  proposed  plans  are 
well  adapted  for  the  collection  of  this  sewage  in  such  a  manner  as  to  cause 
the  least  danger  of  an  escape  of  any  of  the  sewage  by  leaks  in  the  pipes. 
The  location  of  the  proposed  reservoir  close  to  the  water  works  pumping 
station  shoold  not  be  a  menace  to  the  quality  of  the  water,  if,  in  construct- 
ing the  reservoir,  care  is  taken  to  prevent  any  danger  of  overflow  from  it 
or  leakage  at  a  time  when  the  lake  is  drawn  down  below  the  level  of  high 
water  in  the  reservoir.  It  is  very  important  that  all  pumps,  machinery 
and  connections  with  the  reservoir  and  force  main  should  be  in  duplicate, 
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so  that,  in  case  of  injury  to  any  part  of  the  machinery  or  a  suction  pipe, 
duplicate  works  will  be  available  without  material  delay. 

Provision  should  be  made  for  stirring  up  any  sediment  that  may  collect 
in  the  tank,  and  removing  it  with  the  sewage  so  as  to  avoid  the  necessity 
of  removing  it  by  means  of  carts  or  other  receptacles,  from  which  some 
of  the  polluting  matters  might  escape  and  find  their  way  into  the  lake ; 
and  it  will  be  necessary  to  avoid  any  danger  of  polluting  the  water  supply 
in  the  operation  of  cleaning  the  screens  and  disposing  of  matters  removed 
from  the  sewage. 

The  plans  as  a  whole  are  suitable  for  the  disposal  of  the  sewage  of  the 
territory  which  they  are  designed  to  serve,  and,  in  accordance  with  the 
provisions  of  chapter  375  of  the  Acts  of  1888  and  chapter  364  of  the  Acts 
of  1898,  are  hereby  approved. 

Measurements  of  the  quantity  of  sewage  flowing  upon  the  filter  beds 
used  to  purify  the  sewage  of  the  city  of  Marlborough  show  that  the  quan- 
tity of  sewage  is  larger  than  the  present  area  of  beds  is  capable  of  receiv- 
ing and  purifying  at  all  times,  and  the  Board  is  informed  that  unpurified 
sewage  is  at  times  allowed  to  escape  into  the  stream  in  the  vicinity  of  the 
filter  beds.  While  the  increase  in  the  quantity  of  sewage  that  will  be  due 
to  the  construction  of  sewers  in  the  Lake  Williams  district  will  be  com- 
paratively small,  it  is  nevertheless  very  desirable  that  a  larger  area  of 
filter  beds  be  prepared  as  soon  as  practicable. 

Metropolitan  Sewerage  Commission.  The  Board  received  an 
application  from  the  Metropolitan  Sewerage  Commission,  July  13, 
1897,  requesting  the  advice  and  approval  of  the  Board  concerning 
plans  for  automatic  overflows  and  regulators  at  certain  connections 
with  the  metropolitan  sewer  in  the  Neponset  valley ;  and  on  Aug. 
13,  1897,  another  application  was  received  from  the  same  board  for 
advice  and  approval  of  a  proposed  overflow  from  a  fifleen-inch  branch 
on  the  northerly  side  of  the  metropolitan  sewer  in  Business  Street, 
at  the  junction  of  Barry  Place  in  Hyde  Park.  To  these  applications 
the  Board  replied  as  follows :  — 

Mabck  4, 1S98. 

The  State  Board  of  Health  received  from  you,  on  July  13,  1897,  an 
application  requesting  the  advice  and  approval  of  the  Board  concerning 
automatic  overflows  and  regulators  at  certain  connections  with  the  metro- 
politan sewer  in  the  Neponset  valley,  as  follows :  — 

The  board  of  sewer  commissioners  of  the  town  of  Hyde  Park  have  made  appli- 
cation to  the  Metropolitan  Sewerage  Commissioners  for  permission  to  make  coa- 
nections  with  the  Neponset  valley  intercepting  sewer  at  five  points,  as  follows  :  — 

By  12-inch  branch  on  the  westerly  side  of  the  metropolitan  sewer  in  Fairmount 
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Afeniie,  between  the  New  England  Railroad  and  Neponset  Riyer,  Hyde  Park. 
(Section  No.  1.) 

Bj  12-iiich  branch  on  the  northerly  side  of  the  metropolitan  sewer  in  Hyde  Park 
Arenae,  near  Factory  Street^  Hyde  Park.     (Section  No.  2.) 

By  15-inch  branch  on  the  westerly  side  of  the  metropolitan  sewer  in  extension 
of  Arlington  Street  and  Metropolitan  Ayenue,  Hyde  Park.    (Section  No.  8.) 

By  18-inch  branch  on  the  easterly  side  of  the  metropolitan  sewer  between 
XepoDset  Riyer  and  New  England  Railroad,  Hyde  Park,  opposite  extension  of 
Hilton  Ayenue.     (Section  No.  4.) 

By  20-inch  branch  on  the  southerly  side  of  the  metropolitan  sewer  in  Hyde  Park 
ATenoe,  being  the  outlet  for  sewerage  section  No.  8,  Hyde  Park. 

It  is  the  desire  of  the  Metropolitan  Sewerage  Commissioners  to  requiro  at  these 
connections  automatic  oyerflows  and  rogulators,  so  designed  as  to  act  only  when 
the  intercepting  sewer  is  filled  to  its  maximum  flow  line.  Maps,  showing  the 
details  of  the  proposed  connections,  as  they  aro  desirod  to  be  approyed,  aro  sub- 
mitted herewith. 

Your  adyice  and  approyal  is  asked  for  these  Hyde  Park  connectioDS,  as  aboye 
oatlined. 

Subsequently,  on  Aug.  13,  1897,  a  similar  application  was  receiyed  for 
the  adyice  and  approval  of  the  Board  concerning  a  proposed  overflow  from 
a  15-inch  branch  on  the  northerly  side  of  the  metropolitan  sewer  in  Business 
Street,  at  the  junction  of  Barry  Place,  Hyde  Park. 

Accompanying  the  applications  were  plans  showing  in  detail  the  pro- 
posed connections  with  the  proposed  regulators  and  oyerflows.  On  each 
of  these  plans  there  is  a  note  stating  that  the  valve  (by  which  the  lateral 
sever  is  shut  off  from  the  metropolitan)  is  designed  to  close  when  the 
metropolitan  sewer  is  full. 

It  is  understood  that  all  the  applications  for  connections  with  the  metro- 
politan sewer  in  the  Neponset  valley  thus  far  approved  by  your  board  have 
been  approved  with  the  distinct  understancKng  that  no  surface,  roof  or 
ground  waters  from  underdrains  should  be  admitted  to  the  sewers,  and 
that  this  provision  applies  to  the  connections  mentioned  in  the  applications 
submitted  to  this  Board. 

The  sewage  discharged  from  all  of  the  overflows  proposed  in  your  appli- 
cations woald  enter  the  fresh-water  portion  of  the  Neponset  River,  or 
Mother  Brook,  in  the  midst  of  a  large  and  rapidly  growing  population, 
where  the  streams  have  a  sluggish  current,  on  account  of  a  dam  below  the 
outlets  of  the  proposed  overflows. 

As  stated  in  the  previous  reply  relating  to  this  matter,  the  Board  believes 
it  to  be  important  to  keep  sewage  from  entering  the  fresh-water  portion 
of  the  Neponset  River,  which,  in  the  region  in  which  it  is  proposed  to 
make  these  overflows,  is  practically  a  mill  pond,  and  that  no  opportunity 
should  be  afforded  for  the  disposal  of  any  sewage  in  this  way,  unless  it 
may  be  absolutely  necessary  in  order  to  prevent  the  danger  of  a  greater 
nuisance  elsewhere. 


98  STATE   BOAKD   OF  HEALTH.         [Pub.  Doc. 

The  size  of  the  metropolitan  sewer  above  a  point  in  the  vicinity  of  the 
boundary  line  between  Hyde  Park  and  Boston  was  designed  to  be  sufficient 
to  remove  all  of  the  sewage  of  the  district  which  it  is  intended  to  serve 
until  about  the  year  1930,  at  which  time  it  is  expected  that  the  population 
will  be  several  times  as  great  as  that  now  living  in  this  distiict.  Below 
this  point  the  size  of  the  sewer  is  much  smaller  down  to  the  place  where  it 
joins  the  Dorchester  intercepting  sewer,  but  was  considered  when  planned 
to  be  sufficient  to  remove  the  sewage  which  the  larger  sewer  will  bring  to 
it  until  about  the  year  1905,  or  possibly  longer,  depending  upon  the  growth 
of  the  population  and  the  increase  in  quantity  of  sewage  in  the  district. 
The  Dorchester  intercepting  sewer,  into  which  the  metropolitan  sewer 
discharges,  is  provided  with  overflows  through  which  the  sewage  may  dis- 
charge into  tide  water  automatically,  when  the  sewage  in  the  Boston  main 
drainage  sewer  rises  above  a  certain  height.  It  seems  to  the  Board  that 
the  only  condition  which  will  make  the  overflows  proposed  in  your  present 
application  necessary  would  be  a  flow,  of  sewage  in  the  metropolitan  sewer, 
above  the  place  where  its  size  is  reduced,  much  in  excess  of  the  capacity 
of  the  smaller  sewer  below  the  Hyde  Park  and  Dorchester  line,  before  the 
time  that  the  high-level  sewer  is  constructed. 

No  evidence  has  been  submitted  to  show  that  the  flow  in  the  metropolitan 
sewer  is  likely  to  soon  exceed  the  capacity  of  the  sewer  at  any  place,  and 
it  does  not  appear  to  the  Board  that  it  is  necessary  to  provide  at  present 
automatic  overflows  for  the  proposed  connections  with  the  metropolitan 
sewer  in  Hyde  Park ;  and  the  Board,  therefore,  does  not  approve  the  con- 
struction of  overflows,  as  proposed  in  your  applications. 

If  observations  made  at  times  of  maximum  flow  of  the  height  and  flow 
of  sewage  in  the  metropolitan  sewer,  especially  in  the  vicinity  of  the  place 
where  its  size  is  contracted  at  the  line  between  Hyde  Park  and  Dorchester, 
shall  show  that  the  flow  in  the  sewer  is  so  great  that  there  is  danger  that 
the  capacity  of  the  sewer,  or  any  portion  of  it,  is  likely  to  be  reached  before 
any  additional  means  of  removing  the  sewage  shall  have  been  provided* 
and  that  the  flooding  of  lateral  sewers  above  the  place  where  the  sewer  is 
contracted  is  threatened,  or  if  from  any  other  cause  it  would  seem  to  you 
necessary  to  provide  an  overflow  or  overflows  from  the  main  sewer  or  its 
tributaries  at  any  place,  this  Board  will  consider  any  information  you  may 
present  showing  the  necessity  or  desirability  of  overflows,  or  any  plans  that 
you  may  submit  with  regard  to  measures  for  disposing  of  the  excess  of 
sewage ;  but,  as  already  stated  in  a  previous  reply,  the  Board  is  desirous 
of  avoiding  the  discharge  of  sewage  into  the  Neponset  River  above  any 
of  the  mill  dams  when  not  absolutely  necessary. 

The  Metropolitan  Water  Board  (sewerage  system  of  Clinton). 
An  application  was  received,  Aug.  2,  1898,  from  the  Metropolitan 
Water  Board  for  the  approval  of  the  State  Board  of  Health  of  a 
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proposed  system  of  sewerage  for  the  town  of  Clinton ,  under  the 
provisions  of  chapter  557  of  the  Acts  of  1898.  The  Board  replied 
to  this  application  as  follows :  — 

Sbft.  1»  1898. 

The  State  Board  of  Health  received  from  you,  on  Aug.  2,  1898,  an  ap« 
plication  giving  notice  of  your  intention  to  introduce  a  system  of  sewerage 
in  the  town  of  Clinton,  and  submitting  your  proposed  plans  for  approval 
by  the  Board,  under  the  authority  of  chapter  557  of  the  Acts  of  1898. 
The  application  was  accompanied  by  plans  of  the  proposed  main  sewers 
and  other  portions  of  the  proposed  system,  and  by  the  following  state- 
ment relating  to  the  plans  for  the  disposal  of  the  sewage  of  the  town  of 
Clinton:  — 

The  preliminary  examinations  relative  to  the  disposal  of  the  sewage  of  Clinton 
were  made  for  the  Metropolitan  Water  Board  by  Messrs.  Snow  S^  Barbour,  and 
tiiej  reported,  as  a  result  of  gaugings  and  observations,  that  the  quantity  of  sew- 
«^  to  be  disposed  of  at  the  present  time,  including  the  wool  wastes  from  the 
Bigelow  Carpet  Mills  and  the  more  objectionable  wastes  from  the  Lancaster 
Biills,  equalled  780,000  gallons  per  day.  We  have  not  thought  it  necessary  or 
desirable  to  attempt  to  pump  and  purify  wastes  which  are  merely  .discolored,  and 
not  offensive  in  odor  or  injurious  to  health.  Should  it  be  necessary  to  purify  these 
comparatively  unobjectionable  wastes,  the  additional  quantity  to  be  purified  will 
be  about  1,000,000  gallons  daily. 

The  sewage  of  the  town  is  now  discharged  into  the  Nashua  River  through  two 
main  outlets,  one  which  takes  the  sewage  from  the  main  valley  of  the  Nashua 
River  and  is  known  as  the  Williams  Street  outlet,  and  the  other  which  takes  the 
sewage  from  the  valley  of  Coachlace  Brook  and  Is  known  as  the  Allen  Street 
outlet  It  is  proposed  to  build  an  intercepting  sewer  20  inches  in  diameter,  with 
A  grade  of  .17  per  100,  to  convey  the  sewage  from  the  Williams  Street  outlet  to 
the  Allen  Street  outlet,  and  thence  to  make  the  sewer  30  inches  in  diameter  to 
the  reservoir.  The  20-inch  sewer  will  receive  less  than  half  the  sewage  of  the 
town,  and  will  haTO  a  capacity,  when  full,  of  about  3,500,000  gallons  daily.  II 
is  not  expected  that  this  capacity  will  be  exceeded  at  any  time.  From  the  inter- 
cepting sewer  the  sewage  will  discharge  into  a  small  chamber  between  the  rea- 
erroir  and  the  pumping  station.  The  sewage  will  first  pass  through  a  screen, 
sod  then  can  be  turned,  by  means  of  gates,  either  directly  into  the  pump  wells 
or  into  the  further  end  of  the  reservoir,  so  as  to  produce  as  much  sedimentation 
in  the  reservoir  as  possible. 

The  reservoir  is  to  be  100  feet  in  diameter,  and  up  to  its  high-water  mark, 
which  ia  at  elevation  247  above  Boston  city  base,  will  hold  600,000  gallons.  The 
high-water  mark  is  placed  sufiiciently  low  to  provide  for  the  sewerage  of  the 
lowest  parts  of  Clinton.  An  overflow  from  the  reservoir  is  provided  at  the  high- 
water  level,  to  be  used  only  in  cases  of  emergency.  Arrangements  will  be  made 
for  agitating  the  sediment  in  the  tank  and  pumping  it  to  the  filter  beds. 

The  pumping  plant  proposed  is  to  consist  of  two  pumping  engines,  one  of 
which  will  have  a  capacity  of  3,000,000  gallons  daily,  and  two  boilers,  each  hav- 
mjBT  a  sofficient  capacity  to  supply  steam  to  either  engine. 
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From  the  pumping  station  the  sewage  will  be  forced  through  an  18-inch  cast- 
iron  pipe  to  ttke  westerly  comer  of  the  area  to  be  taken  for  sewage-disposal  pur- 
poses, thence  will  be  carried  by  a  24-inch  vitrified  pipe  carrier  to  the  filter  beds. 

It  is  proposed  to  construct  at  present  twenty-five  beds,  having  a  total  area  of 
28)  acres.  From  nineteen  of  these  beds,  which  have  a  total  area  of  17f  acres, 
all  of  the  dark  soil  at  the  surface  and  of  the  subsoil  will  be  removed,  and  the 
underlying  sand  and  gravel  will  be  properly  graded  to  receive  the  sewage.  From 
one  bed,  having  an  area  of  1  acre,  the  dark  soil  only  is  to  be  removed  before  giad- 
ing ;  and  from  five  beds,  having  a  total  area  of  4}  acres,  no  soil  is  to  be  removed 
before  grading. 

The  carriers  for  distributing  the  sewage  to  each  bed  will  be  vitrified  pipes. 

Two  tiers  of  beds  will  be  underdrained  by  running  a  vitrified  pipe  beneath 
them ;  but  it  is  not  proposed  to  drain  the  other  beds  unless  it  should  be  found 
necessary  after  trial. 

Mr.  Bigelow,  of  the  Bigelow  Carpet  Company,  has  signified  his  willingness  to 
construct  duplicate  settling  tanks,  in  which  to  remove  by  sedimentation  the  solids 
in  the  wool-washing  wastes. 

The  plans  provide  for  a  main  intercepting  sewer  in  the  valley  of  the 
Nashua  River,  which  is  designed  to  collect  the  sewage  from  sewers  which 
at  present  discharge  into  that  stream,  and  convey  it  to  a  reservoir  to  be 
located  on  the  westerly  side  of  the  river  and  on  the  easterly  side  of  the 
road  leading  from  Clinton  to  Lancaster  Commons,  from  which  the  sewage 
is  to  be  forced  by  pumps,  through  a  cast*iron  pipe  18  inches  in  diameter, 
to  a  proposed  filtration  area  to  be  located  on  the  easterly  side  of  the  road 
leading  from  Clinton  to  the  village  of  Lancaster  Commons,  and  about  half 
a  mile  south-west  of  the  latter  village,  and  there  purified  by  intermittent 
filtration. 

The  Board  has  caused  the  proposed  system  and  the  lands  which  it  is 
proposed  to  use  for  sewage  disposal  to  be  examined  by  its  engineers,  and 
has  carefully  considered  the  proposed  plans. 

It  is  understood  that  in  the  construction  of  the  present  sewers  in  Clinton 
all  storm  water,  and,  so  far  as  practicable,  ground  water,  has  been  ex- 
cluded, and  it  is  also  understood  that  in  making  extensions  to  the  system 
in  the  future  it  is  proposed  to  adhere  to  the  so  called  separate  system. 

It  appears  that  in  certain  manufacturing  establishments  in  Clinton  laige 
quantities  of  water  are  used  in  the  processes  of  scouring  wool  and  dyeing 
wool  and  cotton.  Information  furnished  by  you  shows  that  a  small  por- 
tion of  this  water,  especially  that  which  is  used  in  the  scouring  of  wool, 
becomes  very  highly  polluted ;  and  you  propose  to  receive  this  sewage  into 
the  intercepting  sewers,  after  removing  a  portion  of  the  heavier  matters 
by  passing  the  sewage  through  settling  tanks.  The  remaining  water  is 
used  chiefly  in  the  processes  of  dyeing  and  rinsing,  and  you  propose  to 
discharge  this  water  into  the  river  or  its  tributaries  without  treatment. 

It  is  very  important,  in  the  opinion  of  the  Board,  that  the  proposed  set- 
tling tanks  be  so  operated  as  to  remove  as  much  of  the  solid  matters  from 
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the  sewage  as  it  is  practicable  to  remove  by  sedimentation,  in  order  to 
avoid  difficulty  in  operating  the  works,  which  would  be  caused  by  admit- 
ting such  matters  to  the  sewers. 

Examinations  of  the  effluent  from  the  dyeing  and  rinsing  processes  show 
that,  while  it  may  be  discharged  into  the  river  at  the  present  time  and  pos- 
sibly even  after  the  construction  of  the  reservoir  above  Clinton  without 
causing  a  serious  pollution  of  the  stream,  this  effluent  contains  at  present 
considerable  quantities  of  organic  matter ;  and  it  may  be  found  desirable 
in  the  future,  on  account  of  an  increase  in  the  quantity  of  this  organic 
matter  or  from  some  other  cause,  to  remove  it  from  the  stream.  It  is 
possible  that  a  portion  of  the  water  containing  the  greater  portion  of  the 
organic  matter  can  be  separated,  and  thus  the  treatment  of  the  whole  of 
these  waste  waters  be  avoided.  It  is  desirable,  in  designing  the  sewerage 
works,  however,  that  they  should  be  so  arranged  that  they  can  be  readily 
enlaiged  so  as  to  admit  of  the  purification  of  this  manufacturing  sewage ; 
and  it  appears  that  such  provision  has  been  made,  since  the  proposed 
sewers  are  of  sufficient  capacity  to  remove  all  of  the  manufacturing  sew- 
age, in  addition  to  the  domestic  sewage,  that  seems  likely  to  be  produced 
for  many  years  in  the  future. 

The  place  at  which  it  is  proposed  to  locate  the  pumping  station  is  a 
Buitable  one ;  and,  by  thorough  ventilation,  into  the  chimney  at  the  pump- 
ing station,  of  the  sewers,  reservoir,  pump  wells  and  other  places  from 
which  an  odor  of  sewage  might  escape,  there  need  be  no  danger  of  any 
objectionable  odors  in  the  neighborhood.  In  connection  with  the  reser- 
voir, the  plans  show  an  overflow  or  waste  pipe  through  which  sewage  may 
be  discharged  into  the  north  branch  of  the  Nashua  River,  which  at  this 
place  has  a  very  sluggish  current,  owing  to  a  dam  a  short  distance  below. 
By  providing  duplicate  machinery  at  the  pumping  station,  as  is  proposed, 
the  necessity  for  such  an  overflow  will  be  very  slight,  and  this  Board  under- 
stands that  the  overflow  or  discharge  pipe  is  to  be  used  only  in  cases  of 
emergency,  such  as  an  accident  to  the  pumping  station,  machinery  or  force 
main,  and  that  it  is  not  for  frequent  or  regular  use. 

The  lands  which  it  is  proposed  to  use  for  sewage  disposal,  according  to 
the  plans,  are  located  within  the  area  prescribed  by  chapter  557  of  the 
Acts  of  1898.  Examinations  of  the  soil  show  that  it  is  excellent  for  the 
purification  of  sewage,  and  the  lands  selected  appear  to  be  the  most 
appropriate  for  the  purpose  that  are  to  be  found  within  that  area. 

The  area  of  filter  beds  which  it  is  proposed  to  prepare  will  be  sufficient 
for  the  disposal  of  all  of  the  sewage  which  is  likely  to  be  produced  by  the 
town  of  Clinton  for  the  present  and  for  a  considerable  time  in  the  future ; 
and  it  appears  to  be  feasible  to  increase  considerably  the  area  of  filter  beds 
by  using  other  lands  in  the  prescribed  area,  if  it  should  become  necessary. 
It  will  be  practicable  to  dispose  of  a  greater  quantity  of  sewage  per  acre 
<m  the  beds  from  wrhich  all  of  the  soil  and  subsoil  has  been  removed  than 
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on  the  beds  upon  which  the  soil  is  allowed  to  remain,  and  less  care  in  the 
operation  of  the  beds  will  be  required.  The  efficiency  of  the  beds  on  which 
the  soil  is  to  be  allowed  to  remain  can  be  increased,  however,  when  it  be- 
comes  necessary,  by  removing  the  soil  and  subsoil.  Should  the  limited 
amount  of  underdrainage  that  it  is  proposed  to  provide  in  the  beginning  be 
found  inadequate  for  the  proper  removal  of  the  effluent,  further  underdrain- 
age can  be  provided  without  special  difficulty. 

The  Board,  having  carefully  considered  the  proposed  plans,  hereby  ap- 
proves them,  under  the  authority  of  chapter  557  of  the  Acts  of  1898. 

Northampton.  An  application  was  received  from  the  board  of 
health  of  Northampton,  Nov.  11,  1898,  for  the  advice  of  the  Board 
relative  to  the  best  method  of  disposing  of  the  sewage  of  a  mill  in 
course  of  construction  in  that  city.  The  Board  replied  to  this 
application  as  follows :  — 

Dec.  2, 1996. 

The  State  Board  of  Health  received  from  you,  on  Nov.  11,  1898,  a  com- 
munication requesting  advice  as  to  the  best  way  of  disposing  of  the  sew- 
age of  a  new  hosiery  mill,  the  construction  of  which  has  recently  been 
begun  near  the  Mill  River  in  Noi*thampton.  You  state  that  the  plan  under 
consideration  is  to  build  a  sewer  to  discharge  the  sewage  of  the  factory 
into  Mill  River,  at  a  point  near  the  railroad  bridge  just  below  West  Street. 
You  also  state  that  the  only  sewer  in  the  vicinity  of  the  proposed  mill  is 
a  trunk  line,  indicated  upon  the  plan  submitted,  which  is  so  much  higher 
than  the  land  on  which  the  mill  is  being  built  that  you  are  informed  that 
it  is  impossible  to  connect  the  building  with  it. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engi- 
neers, and  has  carefully  considered  the  proposed  plan.  It  appears  that 
the  current  in  the  river  at  the  proposed  sewer  outlet  is  very  sluggish  during 
much  of  the  time,  owing  to  a  dam  across  the  river  a  short  distance  below, 
and  that  there  is  a  large  population  in  the  vicinity  of  the  river  below  the 
proposed  point  of  dischai^e.  Under  the  circumstances,  the  Board  is  of 
the  opinion  that  no  sewage  should  be  dischai^ed  into  the  river  in  this 
vicinity. 

It  would  probably  be  practicable,  without  great  expense,  to  collect  all 
the  sewage  in  a  small  reservoir  or  tank,  properly  ventilated,  and  force  it 
into  the  intercepting  sewer.  It  is  possible  also,  that,  by  preventing  the 
construction  of  sinks,  water-closets  or  other  fixtures  in  the  lower  portion 
of  the  factory,  a  sewer  can  be  laid  in  the  vicinity  of  the  railroad  embank- 
ment to  convey  the  sewage  to  the  main  sewer  by  gravity. 

The  Board  advises  that  the  matter  be  given  further  careful  considera- 
tion, in  order  that  the  most  feasible  plan  of  disposing  of  the  sewage  into 
the  present  sewerage  system  may  be  selected. 
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SouTHBRii>GE.  A  request  was  received  from  the  town  of  South- 
bridge,  Aug.  5,  1898,  for  the  approval  of  the  State  Board  of  Health 
of  certain  lands  in  that  town  for  the  purpose  of  sewage  disposal. 
A  bearing  was  granted  under  the  provisions  of  chapter  124  of  the 
Acts  of  1890,  on  Sept.  1,  1898,  after  which  the  Board  replied  to 
the  application  as  follows :  — 

Sept.  29, 1896. 

The  State  Board  of  Health  received  from  yoa,  on  Aug.  5,  1898,  an  ap- 
plication requesting  approval  by  the  State  Board  of  Health  of  the  taking 
by  the  town  of  Southbridge  of  certain  lands  in  that  town,  now  or  formerly 
of  the  estate  of  G.  W.  Wells,  situated  for  the  most  part  on  the  northerly 
side  of  the  Quinebaug  River,  in  the  vicinity  of  the  Lensdale  Dam,  so  called, 
for  the  purification  and  disposal  of  sewage. 

In  response  to  this  application,  the  State  Board  of  Health,  in  accordance 
with  the  requirements  of  chapter  50,  section  1  of  the  Public  Statutes,  as 
amended  by  chapter  124  of  the  Acts  of  1890,  gave  notice  that  a  public 
hearing  relative  to  the  taking  of  the  lands  in  question  for  the  purification 
and  disposal  of  sewage  would  be  given  at  its  ofiSce  on  Sept.  1,  1898.  At 
this  hearing  no  person  appeared  to  oppose  the  proposed  taking  of  the  lands 
referred  to,  and  the  Board  voted  to  approve  the  purchase  or  taking  by  the 
town  of  Southbridge  of  said  lands  for  the  purification  and  disposal  of  sew- 
age. The  said  lands  are  shown  upon  a  plan  submitted  by  you  on  Aug.  5, 
1898,  signed  by  A.  C.  Moore,  and  are  bounded,  measured  and  described 
as  follows :  — 

Beginning  at  a  stone  bound  set  on  the  east  shore  of  Lensdale  Pond,  on  the 
Qimiebaug  River,  at  line  of  land  of  Ellen  J.  Bartholomew ;  thence  southerly  and 
easterly  <m  said  river  and  pond  about  2,000  feet  to  a  pin  near  where  the  new  chan- 
nel of  said  river  empties  into  the  pond  of  the  Southbridge  Printing  Company ; 
thence  southerly,  crossing  said  river  to  a  pin  on  the  northerly  line  of  Main  Street ; 
tfaence  easterly  on  said  Main  Street  about  280  feet  to  a  pin  at  land  of  George  W. 
Wells,  known  as  the  "  Grant  lot ;  ^^  thence  northerly  by  said  Grant  lot  to  the  centre 
of  said  river ;  thence  easterly  on  the  centre  of  said  river  to  land  of  said  printing 
company ;  thence  N.  4^  id'  £.  by  land  of  said  printing  company,  E.  T.  Torrey  and 
land  formerly  belonging  to  L.  Travis,  to  a  pin  at  a  comer ;  thence  S.  86^  W. 
864  feet  to  a  pin  at  land  of  said  Bartholomew;  thence  S.  4°  45'  W.  1,155' feet; 
thence  S.  50"^  W.  247.5  feet ;  thence  N.  68''  W.  1,518  feet,  all  by  land  of  said  Bar- 
tholomew to  the  first-mentioned  bound,  containing  52  acres  of  land,  more  or  less, 
a  plan  of  which  land  is  filed  herewith  and  made  a  part  of  this  petition. 

Spbixgfikld.     An  application  was  received,  Nov.  3,  1897,  from 

the  mayor  of  Springfield,  for  the  advice  of  the  Board  relative  to  the 

sewerage  and  sewage  disposal  of  the  Mill  River  valley  in  that  city, 

and  the  propriety  of  discharging  storm  water  into  Watershop  Pond 

and  Mill  Kiver.     The  Board  replied  to  this  application  as  follows :  — 
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June  3, 1898. 

The  State  Board  of  Health  received  from  jou,  on  Nov.  3,  1897,  an  ap- 
plication for  ddvice  with  reference  to  proposed  plans  for  the  disposal  of 
sewage  and  storm  water  from  the  Mill  River  valley  in  Springfield.  . 

Subsequently,  new  and  detailed  plans  were  submitted  by  the  city  engi- 
neer, one  showing  the  areas  from  which  the  proposed  Mill  River  intercept- 
ing sewer  is  designed  to  receive  sewage  and  storm  water,  and  the  other 
showing  the  location  and  profile  of  the  proposed  intercepting  sewer  in  the 
valley  of  Mill  River.  The  proposed  sewer  is  to  begin  at  a  point  in  Wal- 
nut Street  near  Hickory  Street,  north  of  the  outlet  of  Watershop  Pond, 
and,  passing  along  the  northerly  side  of  Mill  River,  is  to  discharge  into 
that  stream  a  short  distance  below  Fort  Pleasant  Avenue  and  above  the 
third  dam  from  the  mouth  of  the  river.  This  sewer  is  designed  to  provide 
for  the  disposal  of  the  sewage  from  two  districts.  One  of  these  districts 
includes  chiefly  the  valley  of  Carlisle  Brook,  on  the  northerly  side  of 
Watershop  Pond.  In  this  district  it  is  proposed  to  construct  the  sewer- 
age system  upon  the  so  called  separate  plan,  excluding  from  the  sewers 
all  storm  water,  and,  so  far  as  practicable,  ground  water,  and  to  discharge 
the  sewage  into  the  intercepting  sewer,  while  the  storm  water  and  ground 
water  is  to  be  disposed  of  by  separate  channels  discharging  into  the  brook 
or  its  tributaries,  or  into  Watershop  Pond.  In  the  other  district,  a  small 
portion  of  which  lies  north  of  Watershop  Pond  and  Mill  River  and  the 
remainder  south  of  the  pond  and  river,  it  is  proposed  to  collect  both  sew- 
age and  storm  water  in  one  system  of  sewers,  and  to  dischai^e  them  into 
the  proposed  intercepting  sewer  at  several  points,  providing  overflows  at 
the  points  where  sewers  connect  with  the  intercepting  sewer,  through 
wliich  the  mingled  sewage  and  storm  water  may  overflow  into  Mill  River 
below  Watershop  Pond  whenever  the  main  sewer  is  flowing  full. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  plans  and  other  information  submitted. 

It  is  important  to  keep  all  sewage  out  of  Watershop  Pond,  and  for  this 
reason  no  overflow  or  sewer  from  which  sewage  is  discharged  should  be 
connected  with  this  pond. 

The  proposed  method  of  disposing  of  the  sewage  and  storm  water  from 
the  valley  of  Carlisle  Brook  seems  to  be  the  best  that  it  is  practicable  to 
adopt. 

In  the  other  district,  which  it  is  proposed  to  connect  with  the  intercept- 
ing sewer,  sewers  have  already  been  constructed  upon  the  combined  plan, 
and  it  is  probably  best,  in  making  future  extensions  in  this  district,  to  ad- 
here to  this  system. 

There  are  other  areas  in  the  valley  of  Mill  River,  at  pi*esent  very  sparsely 
populated)  from  which  the  sewage  can  be  taken  into  the  intercepting  sewer, 
if  necessary,  in  the  f  utui*e ;  but  it  will  be  necessary  to  exclude  storm  water 
fi*om  the  sewers  in  those  districts,  and  it  will  also  be  essential,  in  order  to 
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avoid  causixig  more  frequent  overflows  of  the  Mill  River  sewer  than  are 
desirable  or  are  contemplated  in  the  present  plan,  to  divert  from  this  sewer 
some  of  the  storm  water  which  it  is  now  proposed  to  discharge  into  it.  If 
the  necessity  for  reducing  the  quantity  of  storm  water  discharged  into  the 
main  sewer  arises,  it  can  probably  be  accomplished  by  building  a  separate 
channel  for  the  storm  water  in  some  portion  of  the  district  which  it  is  now 
proposed  to  provide  with  sewers  upon  the  combined  plan ;  such,  for  in- 
stance, as  the  territory  in  the  vicinity  of  Allen  and  White  streets,  and  to 
dispose  of  the  storm  water  by  dischai^ing  it  into  Mill  River. 

The  proposed  intercepting  sewer  in  the  valley  of  Mill  River,  as  designed, 
is  of  sufficient  capacity  to  remove  all  of  the  sewage  and  storm  water  from 
the  districts  which  it  is  designed  to  serve,  excepting  occasionally,  at  times 
of  very  heavy  rain,  when  a  small  amount  of  mingled  sewage  and  storm 
water  may  be  discharged  through  overflows  from  tributary  sewers  at  several 
points  along  the  stream  below  Watershop  Pond.  It  is  not  likely,  however, 
that  the  sewage  discharged  at  such  times  will  have  any  very  unfavorable 
effect  upon  the  sanitary  conditions  of  the  stream,  but  it  is  very  important 
that  the  quantity  of  sewage  disposed  of  in  this  way  be  kept  as  small  as 
possible. 

It  is  understood  that  you  propose  to  divert  from  the  intercepting  sewer 
at  Locust  Street  so  much  of  the  sewage  and  storm  water  as  the  Locust 
Street  sewer  is  capable  of  removing,  and  to  discharge  only  the  surplus 
through  the  Mill  River  intercepting  sewer  into  Mill  River. 

From  the  information  submitted,  it  seems  probable  that  the  Locust  Street 
sewer  will  be  capable  of  removing  the  dry-weather  flow  of  the  sewage  from 
the  Mill  River  intercepting  sewer,  as  well  as  the  dry-weather  flow  of  sew- 
age from  sewers  in  Fort  Pleasant  Avenue  and  Belmont  Avenue,  which  are 
connected  with  the  Locust  Street  sewer.  It  seems  likely  that,  in  addition 
to  the  dry-weather  flow  of  sewage  from  the  sewers  referred  to,  the  Locust 
Street  sewer  will  be  capable  of  carrying  off  a  small  amount  of  storm  water, 
so  that  in  small  storms  there  may  be  no  flow  in  the  Mill  River  intercepting 
sewer  below  Locust  Street ;  but  with  larger  storms  and  at  times  of  thaws 
a  portion  of  the  mingled  sewage  and  storm  water  will  be  discharged  through 
the  intercepting  sewer  into  Mill  River. 

It  is  proposed  to  terminate  the  Mill  River  intercepting  sewer  in  Mill 
River,  just  above  the  third  dam  from  the  mouth  of  the  stream.  If  any 
considerable  quantity  of  sewage  should  be  dischai^ed  into  the  Mill  River 
in  this  region,  there  is  danger  that  a  nuisance  may  be  created ;  and  the 
Board  is  of  the  opinion  that  it  is  very  desirable  to  avoid  the  discharge  of 
any  considerable  quantity  of  sewage  into  Mill  River  above  any  of  the  dams 
00  the  stream.  There  are,  moreover,  indications  that  the  lower  portion 
of  the  Mill  River  valley,  in  the  immediate  vicinity  of  the  stream,  is  likely 
to  be  densely  populated  before  many  years,  so  that  it  will  probably  be 
necessary  to  extend  the  sewer  to  the  Connecticut  River,  and  it  appears 
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to  be  practicable  to  extend  the  sewer  to  that  stream.  It  seems  probable, 
however,  that  the  quantity  of  sewage  that  will  be  discharged  from  the  Mill 
River  intercepting  sewer  will  be  small  in  the  beginning,  and  the  sewage 
coming  from  this  sewer  will  probably  be  qaite  dilute. 

Under  the  circumstances,  the  Board  is  of  the  opinion  that  it  is  desirable 
to  extend  the  sewer  in  the  beginning  as  far  at  least  as  some  place  below 
the  lowest  dam,  though  a  temporary  outlet  at  the  point  proposed  may  not 
cause  any  serious  trouble  for  a  time. 

The  plan  as  a  whole,  with  the  modifications  suggested,  is,  in  the  opinion 
of  the  Board,  a  suitable  one  for  the  disposal  of  the  sewage  of  the  Mill 
River  valley. 

Springfield.  Another  application  was  received  from  the  mayor 
of  Springfield,  July  7,  1898,  for  the  approval  of  certain  sewers  for 
a  small  district  of  Springfield  having  their  outfall  into  the  Connecti- 
cut River.     The  Board  replied  as  follows :  — 

Aug.  8,  I8d8. 

The  State  Board  of  Health  received  from  you,  on  July  7,  1898,  an  ap- 
plication for  advice  with  reference  to  the  discharge  into  the  Connecticut 
River  of  sewage  and  storm  water  from  a  proposed  sewer  to  be  built  in 
Clinton,  Fulton  and  Sargent  streets,  in  Springfield.  The  plan  shows  a 
storm-water  overflow  at  the  Harbor  Commissioners'  line  at  the  easterly 
bank  of  the  Connecticut  River,  and  a  sewer  leading  downward  from  the 
bottom  of  the  main  sewer  just  above  the  outlet  along  the  bottom  of  the 
river  to  a  point  of  discharge  200  feet  from  the  Harbor  Commissioners' 
line. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engi- 
neers, and,  having  given  the  matter  careful  consideration,  concludes  that 
the  proposed  method  and  plan  of  disposing  of  the  sewage  of  the  district 
under  consideration  are  suitable  for  the  purpose. 

WAKEriELD.  A  communication  was  received  from  the  committee 
on  sewerage  of  the  town  of  Wakefield,  requesting  the  approval  of 
the  Board,  under  chapter  124  of  the  Acts  of  1890,  of  the  purchase 
or  taking  of  land  for  the  purification  and  disposal  of  sewage,  at  the 
same  time  indicating  certain  tracts  of  land  lying  in  the  valley  of  the 
Saugus  River  as  suited  to  the  purpose.  The  Board  replied  to  this 
application  as  follows :  — 

Oct.  6, 1896. 

The  State  Board  of  Health  received  from  you,  on  Aug.  31,  1898,  a  com- 
munication requesting  approval  by  the  Board  of  the  taking  of  certain  lands 
in  the  town  of  Wakefield  for  the  purification  and  disposal  of  sewage,  under 
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the  authority  of  chapter  124  of  the  Acts  of  1890  and  chapter  50  of  the 
Pablic  Statutes. 

You  state  that  it  is  proposed  to  utilize  the  property  described  in  your 
application  by  filling  upon  the  bottom  and  swamp  land  to  the  required 
depth  with  suitable  material,  some  of  which  can  be  procured  upon  the 
land  you  propose  to  take,  and  the  balance  within  2,000  feet  at  the  town 
farm,  toward  which  place  it  is  proposed  to  extend  the  filter  area  as  neces- 
sity requires.  Subsequently  a  plan  was  received,  showing  an  outline  of 
lands  which  you  propose  to  take ;  and  later  a  topographical  plan  of  the 
area  was  submitted,  showing  the  location  of  test  pits. 

The  lands  which  you  propose  to  use  are  located  in  the  easterly  portion 
of  the  town  of  Wakefield,  adjoining  the  town  of  Saugus,  and  are  bounded 
on  the  northerly  and  easterly  sides  by  the  Wakefield  branch  of  the  Saugus 
River  and  by  the  Saugus  River. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  proposed  plans  and  other  information  sub- 
mitted. 

In  some  parts  of  the  proposed  filtration  area  the  soil  appears  to  be 
suitable  for  the  purification  of  sewage  by  intermittent  filtration,  but  the 
aggregate  area  of  these  portions  is  much  less  than  would  be  necessary  for 
the  purification  of  the  sewage  of  the  town  of  Wakefield.  If  the  gravelly 
soil  found  On  a  part  of  the  area  extends  to  a  sufiScient  depth,  filter  beds 
might  be  constructed  with  this  material  upon  other  portions  of  the  area ; 
but,  even  if  filter  beds  should  be  constructed  upon  all  portions  of  the  area 
that  appear  to  be  suitable  for  that  purpose,  by  using  such  suitable  soil  as 
is  found  upon  the  area,  or  by  hauling  sand  or  gravel  from  the  town  farm, 
if  necessary,  as  suggested  in  your  application,  the  Board  is  unable  to  con- 
clude that  a  suflSlcient  area  could  be  prepared  here  for  the  disposal  of  all 
of  the  sewage  of  the  town  of  Wakefield  after  a  sewerage  system  shall  have 
come  into  general  use.  Moreover,  the  cost  of  preparing  filter  beds,  even 
upon  the  portions  of  this  area  best  suited  for  the  purpose,  would  be  very 
large,  as  compared  with  the  cost  of  constructing  filter  beds  upon  land 
better  adapted  to  the  purpose. 

Under  the  circumstances,  the  Board  is  unable  to  approve  the  purchase 
or  taking  of  the  land  referred  to  in  your  application  for  the  purpose  of  the 
purification  and  disposal  of  the  sewage  of  Wakefield. 

In  response  to  an  application  from  the  authorities  of  the  town  of  Wake 
field,  made  in  1892,  for  advice  with  reference  to  a  proposed  plan  of  sew- 
erage and  sewage  disposal  for  the  town,  by  which  it  was  proposed  to  use 
land  in  the  vicinity  of  the  town  farm  for  the  purification  and  disposal  of 
the  sewage,  the  Board  made  the  following  statement :  — 

With  regard  to  the  best  place  for  filtering  the  sewage,  your  engineer  has  shown 
in  his  report  that  the  proposed  disposal  area  has  a  decided  advantage,  in  regard 
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both  to  the  cost  of  reaching  it  with  the  sewage  and  to  the  cost  of  maintenance, 
over  any  other  available  area.  The  character  of  the  land  at  this  place  is  also  of 
excellent  quality  for  filtration,  so  that,  on  the  whole,  these  advantages  may  be 
said  to  outweigh  the  disadvantage  that  the  tract  contains  two  small  houses  and  a 
school-house,  and  is  not  very  far  from  settled  portions  of  the  town. 

It  does  not  appear  that  there  has  been  any  material  increase  in  the  popa- 
latioQ  in  the  vicinity  of  the  town  farm  in  the  last  six  years,  so  that  the 
disadvantage  referred  to  has  not  become  materially  greater;  and  it  is 
probable  that  the  necessai*y  cost  of  purifying  the  sewage  in  the  vicinity 
of  the  town  farm  would  be  less  than  by  any  other  method  of  disposal  that 
it  is  practicable  to  adopt.  It  is  possible  that  there  may  be  other  suitable 
areas  of  land  within  the  limits  of  the  town,  not  known  to  this  Board,  which 
are  suitable  for  the  disposal  of  the  sewage  of  Wakefield ;  and  the  Board  is 
prepared  to  assist  you  in  any  further  investigations  you  may  conclude  to 
make  with  reference  to  sewage  disposal,  by  making  such  analyses  of  samples 
of  soil  as  may  be  necessary,  and  to  advise  you  as  to  any  plan  of  sewerage 
or  sewage  disposal  for  the  town  which  you  may  wish  to  present. 

Wakefield.  Another  application  for  advice  was  received  from 
Wakefield,  Nov.  8,  1898,  with  reference  to  the  propriety  of  taking 
certain  lands  in  Wakefield,  under  the  authority  of  chapter  124  of 
the  Acjks  of  1890.  The  Board  replied  to  this  application  as  fol- 
lows :  — 

Jan.  5, 1899. 

The  State  Board  of  Health  received  from  you,  on  Nov.  8,  1898,  a  farther 
application  for  advice  with  reference  to  the  disposal  of  sewage  of  the  town 
of  Wakefield,  in  which  you  request  the  approval  by  this  Board,  in  accord- 
ance with  the  requirements  of  chapter  124  of  the  Acts  of  1890  and  chapter 
50  of  the  Public  Statutes,  of  the  taking  of  certain  lands  in  the  Woodville 
district  in  the  town  of  Wakefield,  comprising  the  Tyzzer,  Edmunds  and 
Buckman  properties,  and  a  portion  of  the  town  farm  east  of  a  brook  which 
runs  parallel  with  Farm  Street  about  500  feet  easterly  therefrom,  for  the 
purification  and  disposal  of  the  sewage  of  the  town,  these  lands  being  in 
addition  to  the  Lynde  and  Hone  lots  described  in  a  previous  application. 
Yon  also  furnish  a  description  of  the  lands  you  propose  to  take  and  a  plan 
showing  their  location ;  but  no  plan  has  been  presented  showing  definitely 
how  the  sewage  is  to  be  conveyed  to  these  lands,  or  how  they  are  to  be 
prepared  for  the  disposal  of  the  sewage  upon  them. 

The  Board  has  given  the  matter  of  the  disposal  of  the  sewage  of  Wake- 
field further  consideration,  and  has  caused  the  lands  described  in  your 
application  to  be  examined  by  its  engineer,  and  samples  of  soil  from  a 
limited  number  of  test  pits  on  these  lands  to  be  analyzed. 

It  18  difiScultf  from  the  limited  amount  of  information  available  with  ref • 
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erence  to  the  character  of  the  soil  of  these  lands,  for  the  Board  to  deter- 
mine at  all  definitely  the  area  of  the  land  within  the  lots  mentioned  in  your 
application  that  is  suitable  for  the  construction  of  filter  beds  for  the  purifi- 
cation and  disposal  of  sewage;  but,  so  far  as  can  be  judged  from  the 
information  available,  there  may  be  about  S  acres  of  land  upon  which  it 
would  be  practicable  to  construct  filter  beds  at  a  reasonable  cost,  which 
would  be  suitable  for  the  disposal  of  the  sewage  of  Wakefield.  Judging 
from  experience  in  other  cities  and  towns,  the  area  of  land  which  is  here 
suitable  for  filtration  might  be  no  more  than  sufficient  to  provide  for  the 
disposal  of  the  sewage  of  Wakefield  after  the  sewers  had  been  generally 
extended  through  the  town  and  become  generally  used. 

The  area  of  filters  could  probably  be  enlarged  by  taking  some  of  the 
material  from  the  higher  portions  of  the  gravelly  areas,  if  the  coarse  mate- 
rial extends  to  a  sufficient  depth,  and  constructing  filter  beds  artificially  upon 
other  portions  of  the  land ;  but  the  cost  of  constructing  filter  beds  in  this 
way  would  be  very  large,  as  compared  with  the  cost  of  constructing  filters 
upon  gravelly  land  naturally  adapted  to  the  purpose,  where  the  material 
does  not  need  to  be  moved. 

It  is  understood  that  you  propose,  if  it  shall  become  necessary  in  the 
future,  to  use  other  portions  of  the  town  farm,  located  on  both  sides  of 
Farm  Street,  for  the  extension  of  the' filter  beds;  and,  judging  from  the 
present  indications,  it  would  probably  be  necessary  to  extend  the  works 
for  purifying  the  sewage  within  a  few  years  after  their  construction ;  and, 
if  the  town  farm  lands  are  to  be  used  at  all,  it  would  probably  be  less  expen- 
sive for  the  town  to  use  these  lands  in  the  beginning,  because  the  indications 
are  that  the  cost  of  conveying  sewage  to  these  lands  and  constructing  filter 
beds  upon  them  would,  as  indicated  in  the  previous  reply  of  the  Board,  be 
less  than  at  the  places  proposed  in  your  present  application. 

The  attention  of  the  Board  has  also  been  called,  in  this  connection,  to 
the  lands  north  of  Water  Street  and  east  of  Montrose  Avenue,  where  the 
character  of  the  surface  of  the  ground  indicates  that  the  soil  over  a  con- 
siderable area  may  consist  of  porous  sand  or  gravel.  It  is  possible  that 
further  investigations  might  show  that  a  sufficient  area  of  suitable  land  for 
the  disposal  of  the  sewage  of  Wakefield  exists  here ;  and  it  is  possible  that 
these  lands  may  be  found,  upon  careful  examination,  to  possess  advantages 
as  a  place  of  sewage  disposal  which  would  make  it  desirable  to  select  them 
for  this  purpose  in  preference  to  the  other  areas  that  have  thus  far  been 
considered. 

The  information  thus  far  presented  with  reference  to  the  comparative 
advantages  of  the  areas  which  appear  to  be  available  for  the  disposal  of 
the  sewage  of  Wakefield  is  not  sufficient  to  enable  the  Board  to  arrive  at 
definite  conclusions  as  to  which  area  or  areas  it  would  be  for  the  best 
interests  of  the  town  to  use  for  the  disposal  of  its  sewage.  Under  the  cir- 
cumstances, the  Board  does  not  at  present  advise  that  the  land  proposed 
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in  your  application  be  selected  as  a  place  of  disposal  for  the  sewage  of 
Wakefield,  but  would  again  advise  that  a  further  and  more  thorough  in- 
vestigation of  the  whole  subject  be  made  by  the  town,  in  order  to  collect 
all  the  available  information  with  reference  to  the  comparative  advantages 
and  suitability  of  the  various  areas  for  the  disposal  of  sewage,  and  thus 
make  it  possible  to  determine  which  area  it  will  be  for  the  best  interests 
of  the  town  to  use.  These  investigations  should  include  such  further  sur- 
veys of  the  lands  which  appear  to  be  available  for  sewage  disposal  as  may 
be  necessary  to  determine  their  elevation ;  the  digging  of  a  sufficient  num- 
ber of  test  pits  in  these  lands  to  determine  the  character  of  the  soil,  the 
extent  of  areas  containing  soil  suitable  for  sewage  disposal,  and  the  depth 
to  ground  water  wh^re  necessary ;  and,  finally,  careful  comparative  esti- 
mates of  the  cost  of  constructing  filter  beds  sufficient  for  the  disposal  of 
the  sewage  of  the  town  for  the  present  and  for  a  reasonable  time  in  the 
future,  including  a  careful  estimate  of  the  probable  expense  for  land  dam- 
age in  each  case. 

The  Board  will  assist  you  in  the  investigations,  if  you  desire,  by  making 
such  analyses  as  may  be  necessary  of  samples  of  soil  from  test  pits  that 
you  may  excavate  upon  these  areas,  and  will,  upon  application,  give  you 
further  advice  with  reference  to  any  plan  of  sewage  disposal  when  you 
have  the  results  of  further  investigations  to  present. 

Wales.  An  application  was  received  May  25,  1898,  from  the 
board  of  health  of  Wales,  for  the  advice  of  the  Board  relative  to 
the  disposal  of  the  drainage  of  certain  houses  in  the  village  of  Wales. 
The  Board  replied  to  this  application  as  follows :  — 

July  7, 1898. 

The  State  Board  of  Health  received  from  you,  on  May  25,  an  applica- 
tion for  advice  with  reference  to  the  disposal  of  sink  drainage  from  houses 
in  the  village  of  Wales.  You  suggest  the  possibility  of  preventing  these 
nuisances  by  the  construction  of  cess-pools. 

The  Board  has  caused  an  examination  of  the  village  to  be  made  by  its 
engineer,  and  finds  that,  owing  to  the  contour  of  the  land,  many  of  the 
houses  drain  naturally  toward  the  main  street.  Complaint  is  made  of 
several  sink  drains  which  discharge  upon  this  street,  and  particular  atten- 
tion was  called  to  four  of  these  drains.  The  construction  of  a  sewer  to 
remove  sink  drainage  or  other  sewage  seems  impracticable,  under  the  ex- 
isting conditions ;  and,  after  careful  consideration  of  the  whole  matter,  the 
Board  is  of  the  opinion  that,  in  general,  the  best  method  of  disposing  of 
the  sink  drainage  which  causes  trouble  in  the  village  at  present  is  by  the 
construction  of  cess-pools.  Care  will  have  to  be  taken  to  locate  cess-pools 
in  such  a  manner  that  their  contents  may  not  find  their  way  into  any  well 
or  into  the  cellar  or  basement  of  any  building. 
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Examination  of  each  of  the  localities  of  which  complaint  is  made  at  the 
present  time  indicates  that  it  is  practicable  to  construct  cess-pools  in  the 
yicinitj  of  the  houses,  to  receive  the  drainage.  One  of  the  cases  to  which 
attention  was  called  was  that  of  a  house  located  on  the  easterly  side  of  the 
main  street,  south  of  the  saw  mill,  the  drain  from  which  causes  a  serious 
nuisance  in  the  street.  It  appears  to  be  entirely  practicable  to  divert  the 
drainage  to  the  rear  of  the  house,  where  it  may  be  disposed  of  either  into 
a  cess-pool  or  upon  the  surface  of  the  ground,  where  it  can  probably  be 
advantageously  used  as  a  fertilizer. 

Pollution  or  Ponds,  Streams  and  Other  Bodies  of  Water. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year  in  reply  to  applications  for  advice  relative  to  the  pol- 
lution of  ponds,  streams  and  other  bodies  of  water :  — 

Arlington.  The  attention  of  the  State  Board  of  Health  was 
called  by  a  communication  from  the  Arlington  water  board  to  the 
existence  of  a  slaughter  house  upon  the  water-shed  of  their  source 
of  supply,  at  the  same  time  requesting  the  State  Board  **to  take 
such  action  as  the  law  allows  to  prevent  further  impairment  or  pol- 
lution of  the  water  supply  of  the  town  of  Arlington."  The  Board 
replied  to  this  communication  as  follows :  — 

May  6, 1896. 

The  State  Board  of  Health  received  from  you,  on  April  12,  1898,  a  com- 
munication calling  attention  to  a  building  used  for  slaughtering  purposes 
and  for  the  keeping  of  swine,  which  is  drained  into  a  small  pond  which  is 
tributary  to  one  of  the  sources  of  the  Arlington  water  supply,  and  request- 
ing this  Board  to  take  such  action  as  the  law  allows,  to  prevent  the  pollu- 
tion of  the  water  supply  of  Arlington. 

The  Board  has  caused  an  examination  of  the  building  and  of  the  locality 
to  be  made  by  its  engineer,  and  finds  that  the  building  is  used,  as  stated, 
as  a  slaughter  house  and  for  the  keeping  of  swine,  and  there  are  evidences 
that  drainage  from  it  has  recently  flowed  into  one  of  the  sources  of  the 
Arlington  water  supply.  The  drainage  from  this  establishment  is  of  a 
very  foul  character,  and  its  discharge  into  the  Arlington  water  supply 
should  be  discontinued  as  soon  as  possible. 

By  the  provisions  of  chapter  491  of  the  Acts  of  1894  and  chapter  496 
of  the  Acts  of  1895,  the  proprietors  of  every  slaughter  house  engaged  in 
the  slaughter  of  neat  cattle,  sheep  or  swine,  any  product  of  which  is  to  be 
sold  or  used  for  food,  shall  annually,  in  the  month  of  April,  make  applica- 
tion to  the  mayor  and  aldermen  of  the  city  or  selectmen  of  the  town  where 
such  establishment  is  located  for  a  license  to  carry  on  such  business.    The 
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Board  is  informed  that  this  establishment  has  not  been  licensed  by  the 
selectmen  of  Lexington,  as  required  by  the  acts  referred  to. 

Under  the  circumstances,  it  would  seem  that  the  selectmen  of  Lexing- 
ton, upon  presentation  of  the  facts  by  the  authorities  of  the  town  of 
Arlington,  might  refuse  to  grant  a  license,  and  thus  prevent  the  oontinn- 
ance  of  the  business  at  the  present  location  or  at  any  place  where  there 
would  be  any  danger  of  causing  a  pollution  of  the  water  supply  of  the 
town  of  Arlington. 

If  a  license  is  granted,  it  may  be  practicable  for  the  person  or  persons 
who  control  the  operations  of  the  establishment  in  question  to  prevent 
polluting  matters  from  escaping  from  it  into  the  Arlington  water  supply. 
If  this  is  not  done,  however,  it  seems  possible  for  the  town  to  prevent  the 
pollution  of  its  water  supply  from  the  operations  carried  on  in  and  around 
this  building,  by  acting  under  the  authority  of  chapter  80,  section  96  of 
the  Public  Statutes,  which  appears  to  cover  such  cases  as  the  one  under 
consideration ;  and  the  Board  would  advise  that  the  necessary  legal  steps 
be  taken,  unless  the  pollution  of  your  water  supply  from  this  source  is 
discontinued. 

Falmouth.  An  application  was  received,  May  26,  1897,  from 
the  board  of  health  of  Fakuouth,  asking  advice  as  to  the  best  method 
*^  of  abating  a  nuisance  existing  in  State  waters  at  the  head  of  Little 
Harbor,  so  called,  in  Wood's  Holl,  and  consisting  of  mud,  seaweed 
and  decomposed  matter  brought  in  by  action  of  the  wind  and  tide.** 
The  Board  replied  to  this  application  as  follows :  — 

Hajloh  4, 189e« 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  best  method  of  abating  a  nuisance  at  the  head  of 
Little  Harbor  in  the  town  of  Falmouth,  has  caused  an  examination  of  the 
locality  to  be  made  by  its  engineer,  and  has  carefully  examined  the  plans 
proposed  by  you.  These  plans  provide  for  the  construction  of  a  bulkhead 
across  the  north-easterly  comer  of  the  cove  where  the  nuisance  exists,  and 
the  filling  in  of  the  portion  of  the  harbor  thus  cut  off. 

It  is  probable  that,  by  constructing  the  bulkhead  and  making  it  tight 
enough  to  prevent  the  water  passing  out,  and  thus  keeping  the  area  cov- 
ered with  water  at  all  times,  much  relief  would  be  experienced  from  the 
odor  now  complained  of,  and  the  filling  in  of  the  area  behind  the  bulkhead, 
as  proposed  in  the  application,  would  prevent  all  odor  from  this  area ;  but 
whether,  by  this  plan,  permanent  relief  would  be  secured,  seems  doubtful, 
since  it  is  possible  that  the  seaweed  would  deposit  outside  of  the  bulk- 
head, and,  gradually  rising  above  the  level  of  low  water,  again  produce  a 
nuisance  such  as  is  now  complained  of.  It  is  also  an  objection  to  this  plan 
that  it  would  lessen  the  area  of  the  harbor  and  reduce  the  quantity  of  tide- 
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water  coming  in  and  going  out  of  the  harbor,  thus  changing  somewhat  the 
existing  conditions  which  might  possibly  have  an  unfavorable  effect  upon 
the  condition  of  some  other  portion  of  the  harbor. 

The  indications  seem  to  be  that  seaweed  is  carried  to  the  north-easterly 
comer  of  the  harbor,  where  the  nuisance  is  now  complained  of,  both  float- 
ing upon  the  surface  of  the  water  and  in  suspension  in  the  water  below 
the  surface,  and  perhaps  also  by  movement  along  the  bottom.  If  these 
masses  conld  be  arrested  before  entering  the  portion  of  the  harbor  where 
they  are  now  deposited,  and  at  the  same  time  the  tide  water  be  allowed 
to  pass  into  this  place,  the  water,  going  out  from  behind  a  barrier  arrest- 
ing these  masses,  would  tend  to  prevent  them  from  being  deposited,  and 
the  larger  the  area  behind  the  barrier  compared  with  the  length  of  the 
barrier  the  more  efficient  would  be  its  action. 

In  view  of  the  circumstances,  the  Board  would  suggest,  as  a  probable 
method  of  obtaining  relief,  the  construction  of  a  bulkhead  perhaps  100 
feet  farther  into  the  harbor  than  shown  upon  your  sketch,  if  this  distance 
would  not  interfere  with  the  uses  of  the  harbor ;  this  bulkhead  to  be  closed 
from  high  water  down  to  near  low  water,  below  which  to  be  composed  of 
vertical  strips  of  plank,  two  or  three  inches  apart,  covering  half  the  area. 
The  deposit  in  the  rear  of  the  bulkhead  should  be  removed  at  least  down 
to  low  water  and  deeper  near  the  bulkhead,  where  the  open  work  should 
present  a  water  way  as  much  as  4  or  5  feet  in  depth. 

It  is  not  known  whether  the  Teredo  operates  to  injure  structures  in  this 
harbor,  but  the  possibility  of  trouble  from  this  organism  should  be  taken 
into  account  in  the  construction  of  the  work. 

MiDDLEBOROuaH.  A  petition  was  received  by  the  State  Board 
of  Health,  Oct.  6,  1898,  from  inhabitants  of  Middleborough,  rela- 
tive to  the  prevalence  of  malarial  fever  in  a  portion  of  tiiat  town, 
and  alleging  the  pollution  of  the  Nemasket  River  and  the  existence 
of  certain  nuisances  caused  by  the  sewage  disposal  of  the  town. 

Accompanying  this  petition  was  a  copy  of  another  petition,  ad* 
dressed  to  the  local  board  of  health  of  Middleborough,  dated  Oct. 
1,  1898,  requesting  that  board  to  examine  into  the  pollution  of  the 
Nemasket  River  and  the  cause  of  malarial  fever,  and  to  destroy, 
remove  or  prevent  the  same. 

A  supplementary  petition  was  received,  Oct.  20,  1898,  by  the 
State  Board  of  Healtii,  requesting  a  hearing,  under  the  provisions 
of  chapter  375  of  the  Acts  of  1888 ;  and  representing  that  the  dis« 
posal  of  sewage  through  the  ditch  into  the  Nemasket  River,  as  alleged 
in  the  first  petition,  was  begun  in  1892,  and  that,  contrary  to  the 
provisions  of  chapter  375  of  the  Acts  of  1888,  notice  had  never 
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been  given  to  the  present  State  Board  of  Health  or  its  predecessors 
by  the  present  or  any  authorities  of  the  town  of  Middleborough,  at 
any  time,  of  the  intention  of  any  of  the  said  authorities  as  to  dis- 
posing of  their  drainage  and  sewage  in  the  manner  alleged.  The 
petitioners  further  stated  that  application  had  never  been  made 
for  the  advice  and  approval  of  the  State  Board  of  Health  or  its 
predecessors  of  the  plans  or  schemes  in  relation  to  water  supply 
and  disposal  of  drainage  and  sewage  proposed  and  practised,  as 
alleged  in  the  first  petition;  that  is,  by  discharging  it  through  a 
ditch  into  the  Nemasket  River  opposite  Mayflower  Avenue;  and 
that  such  omissions  were  and  are  contrary  to  the  said  act,  and  that 
such  disposal  and  the  pollution  of  the  Nemasket  River  thereby  have 
been  and  are  contrary  to  the  laws  of  the  Conunonwealth  existing  at 
any  time  during  such  disposal  and  pollution,  and  the  Board  was 
requested  to  bring  such  omission  and  pollution  to  the  notice  of  the 
Attorney-General.  In  compliance  with  these  petitions,  the  Board 
gave  hearings  to  the  petitioners,  Nov.  3  and  Nov.  17,  1898,  and 
on  Dec.  1,  1898,  sent  copies  of  the  following  communication  to  the 
petitioners  and  to  the  boards  of  health  and  selectmen  of  Middle- 
borough  :  — 

Dbc.  1, 1896. 

The  State  Board  of  Health  received,  on  Oct.  6,  1898,  a  petition  from 
inhabitants  of  the  town  of  Middleborough,  relative  to  the  prevalence  of 
malarial  fever  in  a  portion  of  the  town,  and  alleging  the  pollution  of  the 
Nemasket  River  and  the  existence  of  certain  nuisances  in  the  disposal  of 
the  sewage  of  the  town. 

Accompanying  this  petition  was  a  copy  of  a  petition  addressed  to  the 
local  board  of  health  of  the  town  of  Middleborough,  dated  Oct.  1,  1898, 
requesting  the  said  board  to  examine  into  the  pollution  of  the  Nemasket 
River  and  the  caase  of  malarial  sickness,  and  destroy,  remove  or  prevent 
the  same. 

On  Oct.  20,  1898,  a  supplementary  petition  was  received  by  the  State 
Board  of  Health,  requesting  a  hearing,  under  chapter  375  of  the  Acts  of 
1888,  and  representing  that  the  disposal  of  drainage  through  the  ditch  into 
the  Nemasket  River,  as  alleged  in  the  first  above-mentioned  petition,  was 
begun  in  the  year  1892 ;  and  that,  contrary  to  chapter  375  of  the  Acts  of 
1888,  notice  has  never  been  given  to  the  present  State  Board  of  Health  or 
its  predecessors  by  the  present  or  any  authorities  of  the  town  of  Middle- 
borough at  any  time  of  the  intention  of  any  of  the  said  authorities  as  to 
disposing  of  their  drainage  and  sewage  in  the  manner  alleged ;  and  that 
submission  has  never  been  made  for  the  advice  and  approval  of  the  present 
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State  Board  of  Health,  or  its  predecessors,  of  the  plans  or  schemes  in  rela- 
tion to  water  supply  and  disposal  of  drainage  and  sewage  proposed  and 
practised  as  alleged  in  the  first  petition,  that  is,  by  discharging  it  through 
a  ditch  into  the  Nemasket  River  opposite  Mayflower  Avenue ;  and  that 
such  omissions  were  and  are  contrary  to  the  said  act,  and  that  such  dis- 
posal, and  the  pollution  of  the  Nemasket  River  thereby,  have  been  and 
are  contrary  to  the  laws  of  the  Commonwealth,  existing  at  any  time  during 
such  disposal  and  pollution ;  and  the  Board  is  requested  to  bring  such  omis- 
sion and  pollution  to  the  notice  of  the  Attorney-General  of  the  said  Com- 
monwealth, as  required  by  the  said  act. 

The  Board  has  carefmly  considered  these  petitions,  and  has  given  a 
hearing  to  the  petitioners  and  the  town  authorities,  and  evidence  relative 
to  the  matters  referred  to  in  the  petitions  has  been  presented  to  the  Board. 
The  Board  has  also  caused  the  localities  referred  to  to  be  examined  by  its 
engineer,  and  the  prevalence  of  malaria  to  be  investigated  by  one  of  its 
experts. 

The  Board  does  not  at  present  express  an  opinion  in  regard  to  the 
claimed  violation  of  the  provisions  of  chapter  875  of  the  Acts  of  1888, 
preferring  to  proceed  immediately  to  the  development  of  a  practical  way 
of  removing  such  conditions  as  endanger  the  public  health. 

It  is  evident  that  malarial  sickness  has  been  increasing  in  the  town  of 
Middleborough  in  recent  years,  and  that  there  has  been  a  great  increase 
during  the  present  year,  in  which  it  appears  that  up  to  the  first  of  Novem- 
ber there  have  been  as  many  as  thirty  cases  of  malaria  in  the  town.  Half 
of  these  cases  have  occurred  in  the  village  of  Mnttock,  and,  considering 
the  small  population  of  this  village,  the  epidemic  at  that  place  has  been 
a  most  serious  one. 

The  Board  finds  that  at  the  present  time  sewage  from  a  large  portion 
of  the  main  village  of  Middleborough  is  discharged  into  the  Nemasket 
River  through  two  main  sewers,  one  laid  in  Mayflower  Avenue,  so  called, 
and  the  other  in  Water  Street.  The  sewer  in  Mayflower  Avenue  ends  at 
a  point  about  500  feet  from  the  Nemasket  River,  where  the  sewage  flows 
from  the  sewer  into  an  open  ditch  and  through  this  ditch  to  the  river.  The 
flow  in  the  ditch  is  sluggish,  and  solid  matters  from  the  sewage  are  de- 
posited upon  the  sides  and  bottom  of  the  ditch,  especially  in  the  vicinity 
of  the  place  where  it  joins  the  river.  Moreover,  the  current  of  the  river 
is  also  very  sluggish  in  this  vicinity,  owing  to  a  dam  a  short  distance  below, 
so  that  solids  brought  down  in  the  sewer  tend  to  deposit  upon  the  sides 
and  bottom  of  the  stream  and  mill  pond,  portions  of  which,  on  account  of 
the  rise  and  fall  of  the  river,  are  apparently  alternately  exposed  to  the  air 
and  covered  with  water. 

The  sewer  in  Water  Street  dischai^es  into  the  raceway  leading  from  the 
electric  light  works  to  the  river.  In  the  day-time,  when  the  works  are  shot 
down,  there  is  very  little  water  running  in  the  raceway  to  dilute  the  sew- 
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age,  which  spreads  oat  oyer  the  stony  bottom  of  the  raceway  in  pools  and 
small  streams,  and  finds  its  way  slowly  toward  the  river,  creating  an  ob- 
jectionable local  musance.  In  this  case  also  there  is  a  dam  across  the  river 
a  short  distance  below  the  sewer  outlet,  and  solid  matters  from  the  sewage 
tend  to  collect  on  the  sides  and  bottom  of  the  mill  pond,  and  make  them 
offensive  when  exposed. 

The  dam  at  Mattock  is  an  old  one,  and  is  in  a  rained  condition.  Hie 
banks  of  the  river  in  this  vicinity  are  qaite  flat,  and  a  considerable  area 
appears  to  be  alternately  covered  with  water  and  exposed  to  the  air  by 
slight  fluctaations  in  the  level  of  the  water  in  the  river.  It  also  appears 
that  there  has  been  complaint  of  an  odor  from  tlie  banks  of  the  stream 
when  exposed  at  times  when  the  water  is  low,  and  an  attempt  has  been 
made  to  keep  them  covered  with  water,  but  it  does  not  appear  that  this 
has  been  done. 

The  present  manner  of  disposing  of  the  sewage  of  Middleboroogh  is 
nnsanitary,  and  may  be  among  the  causes  of  the  large  amount  of  sickness 
in  the  portion  of  the  town  which  is  nearest  the  river ;  and  the  conditions 
are  certain  to  grow  worse,  because  the  quantity  of  sewage  is  likely  to  in- 
crease,  while  the  flow  of  the  river  will  grow  smaller  in  the  future,  owing 
to  the  quantity  of  water  withdrawn  from  the  Middleborough  ponds  by  the 
cities  of  Taunton  and  New  Bedford  for  water-supply  purposes. 

The  present  method  of  disposing  of  the  sewage  of  Middleborough  is  ob- 
jectionable also,  because  the  sewage  pollutes  the  water  supply  of  the  State 
Farm,  which  is  drawn  from  the  Taunton  River  a  short  distance  below  the 
mouth  of  the  Nemasket  River. 

It  appears,  from  the  evidence  before  the  Board,  that  the  discharge  of 
the  sewage  in  a  crude  state  into  the  stream  was  not  contemplated  by  the 
town  as  a  permanent  method  of  sewage  disposal,  but  was  a  temporary  ex- 
pedient, which  has,  however,  been  continued  in  operation  in  the  case  of 
one  sewer  outlet  for  a  period  of  at  least  thirteen  years,  and  in  the  other 
for  as  many  as  six  years.  The  sewerage  plans  of  the  town  provide  for 
an  intercepting  sewer  in  the  valley  of  the  Nemasket  River,  to  collect  the 
sewage  from  existing  sewers  and  areas  which  may  require  sewerage  in  the 
future,  and  convey  it  to  land  in  the  valley  of  the  river  below  the  Star  Mills, 
where  it  can  be  purified;  but  these  portions  of  the  works  have  not  been 
constructed,  and  it  does  not  appear  that  any  thorough  surveys  or  plana 
for  works  for  collecting  and  purifying  the  sewage  have  been  prepared, 
though  a  preliminary  estimate,  indicating  the  ultimate  cost  of  the  works, 
has  been  submitted. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
interests  of  the  town  of  Middleborough  and  of  the  public  require  that  the 
sewerage  plans  be  carried  out  by  constructing  the  works  for  collecting  and 
purifying  the  sewage,  axkd  that  the  existing  sewer  outlets  into  the  Nemasket 
Biver  be  closed,  and  the  discbarge  of  sewage  through  them  be  discontinued. 
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The  Board  would  therefore  advise  that  you  cause  an  inyestigation  to  be 
made  without  delay,  to  determine  the  best  available  place  for  disposal  and 
purification  of  the  sewage,  and  the  most  feasible  route  for  an  intercepting 
sewer  to  convey  the  sewage  from  the  present  sewers  and  any  other  areas 
which  are  likely  to  require  sewerage  in  the  future  to  the  proposed  disposal 
area,  together  with  careful  estimates  of  the  entire  cost,  and  showing,  among 
other  things,  the  expenditure  necessary  for  preparing  sufficient  land  and 
for  building  presently  so  much  of  the  intercepting  sewer  as  will  convey  to 
that  land  the  sewage  now  entering  or  soon  to  enter  the  Water  Street  sewer 
and  the  sewers  down  river  therefrom. 

Upon  receiving  such  plans  and  estimates,  the  Board  will  advise  further 
in  regard  to  the  portion  of  the  work  necessary  to  be  first  constructed.  The 
Board  will  assist  you  in  these  investigations,  if  you  desire,  by  making  such 
examinations  of  the  soil  of  available  lands  for  filtration  areas  as  may  be 
necessary,  and  will,  upon  application,  advise  you  as  to  any  sewage  dis« 
posal  plan  you  may  wish  to  present-  It  is  also  advised  that  in  making 
investigations  for  the  disposal  of  sewage  you  secure  the  assistance  of  an 
engineer  of  experience  in  such  matters. 

Rhode  Island-  A  communication  was  received  from  the  State 
Board  of  Health  of  Rhode  Island,  July  28,  1898,  with  reference  to 
the  pollution  of  Ten-mile  River  by  the  sewage  of  Attleboroogh,  that 
river  being  the  source  of  water  supply  of  the  town  of  East  Providence 
in  Rhode  Island-  The  assistance  of  the  State  Board  of  Health  of 
Massachusetts  was  also  requested  in  the  removal  of  the  sources 
of  contamination.  The  Board  replied  to  this  communication  as 
follows :  — 

Not.  4, 1898. 

The  State  Board  of  Health  received  from  your  Board,  on  July  28,  1898, 
a  communication  stating  that,  as  a  result  of  a  recent  inspection  of  the  Ten- 
mile  River  made  by  your  Board  in  the  towns  of  Attleborough  and  North 
AtUeborough,  it' was  found  that  a  number  of  factories  and  mills  and  the 
town  of  Attleborough  were  delivering  their  wastes,  both  from  vaults  and 
from  the  processes  of  manufacture,  into  the  river,  which  is  the  source  of 
water  supply  of  the  town  of  East  Providence  in  Rhode  Island.  You  request 
the  assistance  of  this  Board  in  the  removal  of  these  sources  of  contam* 
ination,  and  ask  if  any  action  can  be  taken  by  this  Board  in  the  matter, 
legally  or  otherwise.  Accompanying  your  communication  were  memoranda 
of  the  inspection  referred  to- 

The  Board  has  caused  an  examination  of  the  valley  of  the  Ten-mile 
River  to  be  made  by  its  engineer,  and  has  carefully  considered  the  results 
of  previous  examinations  of  the  stream  and  its  water-shed.    From  the 
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iDformati6Q  recently  collected,  it  appears  that  at  the  present  time  the 
sewage  from  as  many  as  4,500  people  in  the  Tillages  of  Lebanon  Mills, 
Rents  Mills,  Hebronyille,  Dodgeville,  Attleboroagh,  Bobinsonville,  Attle- 
boroagh  Falls,  North  Attleboroagh,  Plainville  and  South  Attleborough  is 
discharged  directly  into  the  stream  or  its  tributaries,  and  that  large  amounts 
of  sulphuric  acid,  nitric  acid,  hydrochloric  acid,  ammonia,  spent  dyes  and 
other  substances  used  in  the  various  manufactories  are  discharged  into  the 
river.  Gas  wastes,  wastes  from  a  rendering  establishment  at  which  dead 
animals  are  disposed  of,  and  wastes  from  a  tannery,  also  enter  the  stream. 

Numerous  chemical  analyses  of  samples  of  water  collected  from  this  river 
at  two  points,  one  above  North  Attleborough  and  the  other  above  Attle* 
borough,  were  made  several  years  ago,  and  the  results  were  published  in  a 
special  report  of  this  Board,  entitled  '^  Examination  of  Water  Supplies," 
published  in  1890. 

In  this  report  it  is  stated  that  the  pollution  of  the  river  at  Attleborough 
was  sufficient  to  render  the  water  taken  directly  from  the  river  unfit  for 
drinking.  No  analyses  of  the  water  of  the  river  below  Attleborough  were 
made  at  that  time,  but  analyses  made  in  more  recent  years  have  shown  that 
the  river  is  polluted  to  a  much  greater  degree  below  the  town  than  it  is 
above. 

The  sewage  discharged  from  the  Attleborough  sewers  is  the  most  serious 
pollution  of  the  stream  that  exists  at  the  present  time ;  and  the  Board  has 
already  called  the  attention  of  the  town  of  Attleborough  to  the  objection  to 
disposing  of  sewage  by  discharging  it  directly  into  the  stream,  and  some 
action  has  been  taken  by  the  town,  looking  to  the  removal  of  the  sewage 
from  the  river  and  its  purification  upon  land.  If,  however,  the  sewage  of 
the  town  of  Attleborough  should  be  purified  before  it  is  discharged  into  the 
river,  while  a  great  improvement  in  the  sanitary  condition  of  the  stream 
will  be  effected,  the  stream  would,  nevertheless,  continue  to  be,  in  the 
opinion  of  this  Board,  a  very  dangerous  source  from  which  to  take  water 
for  drinking  or  other  domestic  uses.  Moreover,  on  account  of  the  lai^e 
population  within  the  water-shed  of  the  stream  and  the  numerous  villages 
and  mills  widely  scattered  throughout  this  water-shed,  it  is  impracticable, 
in  the  opinion  of  this  Board,  to  prevent  the  pollution  of  the  stream  by 
sewage  and  manufacturing  wastes  to  such  an  extent  as  to  render  the  water 
safe  for  drinking. 

The  Board  considers  that  the  pollution  of  the  river  to  the  present  degree 
is  very  objectionable,  from  a  sanitary  stand-point,  and  that,  in  the  interests 
of  the  people  of  this  vaUey,  further  pollution  of  the  stream  should  be  pre- 
vented ;  and  the  sewage  of  Attleborough,  which  is  now  discharged  into  the 
stream,  should  be  removed  therefrom  and  purified.  The  Board  will  urge 
the  purification  of  the  stream  as  rapidly  as  practicable ;  but,  as  already 
stated,  it  is  not  practicable,  in  its  opinion,  to  render  the  water  of  the  river 
below  Attleborough  suitable  for  drinking. 
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Westbobouoh.  a  communication  was  received  from  the  select- 
men of  Northborough,  stating  that  the  sewage  of  Westboroagh  was 
allowed  to  pass  into  the  swamps  near  the  filter  beds  without  filtration, 
and  that  such  disposal  was  a  menace  to  the  health  of  Northborough, 
at  the  same  time  requesting  the  State  Board  of  Health  to  investigate 
the  matter.  The  Board  complied  with  this  request,  and  sent  the 
following  communications  to  the  selectmen  of  Northborough  and  to 
the  sewer  commissioners  of  Westborough.  To  the  selectmen  of 
Northborough,  as  follows :  — 

Jjlv.  5, 1899. 

The  State  Board  of  Health  received  from  you,  on  March  21,  1898,  a  com- 
munication relative  to  the  Westborough  sewer  beds,  stating  that  sewage 
was  being  turned  directly  into  the  swamps  in  the  rear  of  the  beds,  and  that 
the  beds  seemed  to  care  for  only  a  small  portion  of  the  sewage.  You  re- 
gard this  as  a  menace  to  the  health  of  the  town,  and  request  the  Board  to 
investigate,  and  take  such  action  as  shaU  seem  for  the  best  interests  of  aU 
concerned. 

The  Board  has  caused  examinations  to  be  made  from  time  to  time  since 
your  application  was  received,  to  determine  the  quantity  of  sewage  flowing 
from  the  town  sewer,  the  character  and  condition  of  the  filter  beds  and  the 
quality  of  the  water  of  the  Assabet  River,  both  above  the  filter  beds  and 
below  them  in  the  vicinity  of  Northborough  and  elsewhere. 

The  Board  has  found  that  much  crude  and  partially  purified  sewage  is 
being  discharged  into  the  Assabet  River  or  small  tributaries  of  that  stream 
in  the  vicinity  of  the  filter  beds,  —  a  method  of  disposal  which  was  not 
contemplated  in  the  plans  for  sewage  disposal  of  Westborough,  presented 
by  the  town  to  this  Board  under  the  authority  of  chapter  875  of  the  Acts 
of  1888,  and  which  is  inadmissible. 

In  1893  the  Board  advised  the  town  of  Westborough  relative  to  the 
purification  of  its  sewage,  and  a  considerable  increase  in  the  area  of  the 
filter  beds  has  been  made  since  that  time ;  but  the  beds  are  nevertheless 
at  present  inadequate  for  the  purification  of  the  sewage.  The  Board  has, 
accordingly,  called  the  attention  of  the  authorities  of  the  town  of  West- 
borough to  the  need  of  constructing  suitable  works  for  purifying  all  of  its 
sewage,  and  a  copy  of  the  communication  is  enclosed  herewith. 

The  Board  finds,  as  stated  therein,  that  the  Assabet  River  is  being  badly 
polluted  by  the  sewage  of  the  town  of  Westborough,  and  that  the  discharge 
of  unpurified  sewage  into  the  stream  is  likely  to  prove  a  serious  nuisance 
in  the  summer  season,  and  the  Board  believes  that  the  disposal  of  sewage 
in  this  way  should  be  prevented. 

It  will  not  be  practicable  for  the  town  of  Westborough  to  make  investi- 
gations or  to  construct  works  before  next  spring ;  and  the  Board  would 
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suggest  thftt  farther  action  be  deferred  until  an  opportunity  has  been  given 
for  the  town  of  Westboroogh  to  construct  proper  works. 

The  following  communication  was  sent  to  the  sewer  conunis- 
sioners  of  Westborough :  — 

Jan.  5, 1899. 

The  State  Board  of  Health  received  a  communication  from  the  board  of 
selectmen  of  the  town  of  Northborough,  in  the  early  part  of  1898,  alleging 
that  unpurified  sewage  was  being  discharged  into  the  Assabet  River,  in 
the  vicinity  of  the  sewage  filtration  area  of  the  town  of  Westborough. 

The  Board  has  caused  examinations  to  be  made,  to  determine  the  quan- 
tity of  sewage  flowing  from  the  town  sewer  and  the  character  and  condi* 
tion  of  the  filter  beds,  and  has  also  caused  samples  of  the  water  of  the 
Assftbet  River,  both  above  the  filter  beds  and  at  various  points  below  the 
beds,  to  be  analyzed. 

As  a  result  of  these  examinations,  the  Board  finds  that  the  quantity  of 
sewage  flowing  from  the  town  is  often  greatiy  in  excess  of  the  capacity 
of  the  filter  beds  for  purifying  the  sewage,  and  that  much  crude  and  par- 
tially purified  sewage  is  discharged  into  the  Assabet  River,  or  into  small 
tributaries  of  that  stream  in  the  vicinity  of  the  filter  beds,  and  that  the 
quantity  so  discharged  is  at  times  the  greater  portion  of  the  fiow  of  sew- 
age. It  also  appears  that  a  considerable  quantity  of  sludge  is  separated 
from  the  sewage  at  certain  periods  of  the  year,  and  that  part  of  it  is  dis- 
charged through  a  pipe  directiy  into  a  meadow  or  swamp  through  which 
water  flows  to  the  Assabet  River. 

The  plans  for  a  system  of  sewage  disposal  presented  to  this  Board  by 
the  authorities  of  the  town  of  Westborough,  under  the  provisions  of  chapter 
375  of  the  Acts  of  1888,  provided  for  the  purification  of  the  sewage  of  the 
town  of  Westborough  by  intermittent  filtration ;  and  the  discharge  of  un- 
purified sewage  into  the  Assabet  River  or  any  of  its  tributaries  has  never 
been  contemplated  in  any  plan  presented  to  this  Board,  and  is  inadmissible. 

In  the  latter  part  of  the  year  1898  your  Board  requested  the  State  Board 
of  Health  to  examine  your  sewage-disposal  works,  and  advise  the  town  in 
the  matter  of  sewage  disposal.  The  Board  advised  you  then,  as  on  a  pre- 
vious occasion,  very  definitely  as  to  how  you  should  proceed  to  provide  a 
proper  system  of  sewage  disposal,  and  offered  to  assist  you  in  determining 
the  suitability  of  materials  obtained  from  test  pits  for  filtering  sewage,  and 
to  advise  you  as  to  any  new  plans  you  might  present.  It  appears  that 
since  that  advice  was  received  you  have  constructed  underdrains  beneath 
the  two  filter  beds  then  in  use,  and  graded  their  surfaces,  and  that  you 
have  provided  two  additional  filter  beds.  Recent  examinations  of  the 
filter  beds  show  that  the  two  which  were  originally  constructed  consist 
now  of  a  layer  of  coarse  gravel  at  the  surface,  beneath  which  the  soil  is 
very  fine,  and  that  the  fine  material  will  not  filter  any  considerable  quantity 
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of  sewage,  while  the  coarse  material  is  f oand  to  be  very  badly  dogged  with 
organic  matter;  the  other  two  beds  are  composed  of  each  fine  material  that 
they  are  capable  of  porifying  very  little  sewage,  and  are  nearly  worthless 
for  the  purpose  for  which  they  were  constructed.  In  making  the  changes 
and  enlargements  of  the  works  it  does  not  appear  that  the  advice  of  any 
person  of  experience  in  matters  relating  to  sewage  disposal  was  followed, 
nor  was  any  further  advice  or  assistance  sought  for  from  this  Board. 

Chemical  analyses  of  the  water  of  the  Assabet  River,  made  during  the 
sununer  of  1898,  when,  however,  the  quantity  of  water  flowing  was  much 
greater  than  is  ordinarily  the  case  in  the  summer  season,  have  shown  that 
the  river  is  being  badly  polluted  by  the  sewage  of  the  town  of  Westborough, 
and  the  discharge  of  unpurified  sewage  into  the  stream  is  likely  to  prove 
a  serious  nuisance  in  the  summer  season. 

Suitable  filter  beds  of  a  sufficient  area  will  have  to  be  constructed  in 
order  to  purify  the  sewage  of  Westborough,  and  the  Board  would  advise 
you  to  proceed  with  the  necessary  work  without  delay. 

A  copy  of  the  reply  of  the  Board  to  the  selectmen  of  Northborough  is 
sent  you  herewith. 

Winchester.  An  application  was  received,  Dec.  14, 1897,  from 
the  water  board  of  Winchester,  for  the  advice  of  the  Board  relative 
to  the  protection  of  the  water  supply  of  the  town  from  pollution. 
The  Board  replied  to  this  application  as  follows :  — 

Fbb.  3, 1898. 

The  State  Board  of  Health  received  from  you,  on  Dec.  14,  1897,  an  ap- 
plication for  advice  with  reference  to  protecting  the  purity  of  the  water 
supply  of  the  town  of  Winchester,  which  is  at  present  furnished  by  three 
reservoirs,  known  as  the  north  reservoir,  middle  reservoir  and  south  reser- 
voir. It  is  stated,  in  the  annual  report  of  the  Winchester  water  board  for 
1894,  that  the  water-shed  of  the  middle  and  south  reservoirs  contains  no 
dwelling-houses,  and  all  of  the  land  within  the  water-shed  of  these  reser- 
voirs, with  the  exception  of  about  three  acres  of  the  water-shed  of  the 
middle  reservoir,  are  within  the  Middlesex  Fells  park  reservation.  There 
i^pear  to  be  no  sources  of  pollution  upon  the  water-sheds,  and,  if  the  use 
of  these  reservoirs  and  their  water-sheds  by  visitors  is  restricted  and 
properly  supervised,  there  need  be  no  danger  of  pollution  from  this  cause. 

The  water-shed  of  the  north  reservoir  is  only  partially  within  the  park 
reservation,  and  at  its  upper  end  it  includes  a  considerable  portion  of  the 
village  of  Stoneham.  The  portion  of  the  village  that  is  within  the  water- 
shed is  said  to  be  partially  provided  with  sewers ;  but  the  population  ap- 
pears to  be  increasing  rapidly,  and  many  of  the  houses  are  in  the  immediate 
vicinity  of  Dyke's  Brook,  the  main  feeder  of  the  reservoir  and  its  tribu- 
taries.   Moreover,  a  considerable  portion  of  the  land  within  the  water-shed 
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bat  outside  the  reservation  is  said  to  be  highly  cultivated,  and  there  is 
much  danger  of  the  pollution  of  the  stream  by  manure  used  on  these  lands. 

An  examination  of  the  results  of  chemical  analyses  of  samples  of  the 
water  of  this  reservoir  collected  during  the  past  ten  years  show  a  very 
decided  increase  in  the  quantity  of  chlorine  present,  which  is  undoubtedly 
due  to  the  increasing  pollution  by  sewage  of  the  main  feeder  of  the  reser- 
voir, and  the  existence  of  these  conditions  endangers  the  health  of  those 
using  the  water;  for,  while  under  ordinary  conditions  the  water  of  the 
brook,  which  enters  the  reservoir  near  its  upper  end,  might  be  purified 
by  long  storage  in  the  reservoir  before  reaching  the  supply  main  of  the 
town,  it  is  possible  that,  should  a  high  flow  in  the  stream  occur  when  the 
water  in  the  reservoir  is  low,  the  brook  water  would  flow  quickly  to 
the  lower  end  of  the  reservoir  and  enter  the  pipe,  with  but  little  improve- 
ment by  storage. 

The  pollution  of  the  brook  can  probably  be  prevented,  to  a  considerable 
extent,  by  careful  inspection  of  the  water-shed ;  but  it  is  not  feasible,  under 
the  circumstances,  to  prevent  wholly  the  pollution  of  the  brook  by  this 
method,  and  the  cost  of  inspection  would  be  considerable.  It  is  possible 
to  filter  the  water  of  the  brook  before  it  enters  the  reservoir,  and  make  it 
in  this  way  a  safe  water  for  drinking ;  but  the  cost  of  suitable  works  for 
the  filtration  of  the  water  at  all  times  would  be  large. 

Examinations  made  by  your  board  in  previous  years  indicate  that  it  is 
feasible  at  small  expense  to  divert  all  of  the  water  of  the  water-shed  of 
Dyke's  Brook  that  is  not  within  the  park  reservation  into  the  stream  below 
the  north  reservoir ;  and,  while  this  would  reduce  considerably  the  yield 
of  this  source,  this  plan  seems  at  present  to  be  the  most  practicable  and 
satisfactory  method  of  preventing  the  pollution  of  this  reservoir. 

The  Board  would  advise  that  measures  be  taken  without  delay  to  prevent 
the  further  pollution  of  the  reservoir  from  the  population  at  present  living 
upon  its  water-shed. 

WoBURN.  An  application  was  received  from  the  board  of  public 
works  of  Wobum  for  the  opinion  of  the  State  Board  of  Health  as  to 
whether  the  water  of  Horn  Pond  is  being  polluted  by  the  water  flowing 
into  it  from  Fowle  Brook,  one  of  the  tributaries  of  the  pond.  The 
Board  replied  to  this  application  as  follows :  — 

JuKB  8, 189S. 

The  State  Board  of  Health  received  from  you,  on  May  1, 1898,  an  appli- 
cation for  advice  as  to  whether  the  water  of  Horn  Pond  is  being  polluted 
by  the  water  flowing  into  it  from  Put  Fowle  Brook,  so  called,  one  of  the 
tributaries  of  the  pond. 

The  Board  has  caused  the  water-shed  of  the  brook  and  the  water-sheds 
of  its  two  principal  branches,  known  as  Cummingsville  Brook  and  Card- 
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ner's  Brook,  to  be  examined  by  one  of  its  engineers,  and  has  caased  samples 
of  the  water  of  the  two  last-mentioned  streams  to  be  analyzed.  The  re* 
suits  of  these  analyses  indicate  that  the  water  of  Gardner's  Brook  receives 
but  little  pollution,  but  that  Cummingsville  Brook  is  seriously  polluted. 

The  water-shed  of  Gardner's  Brook  is  sparsely  populated,  and  there 
appears  to  be  no  serious  source  of  pollution  upon  this  water-shed.  The 
water-shed  of  Cummingsville  Brook  includes  a  considerable  population  in 
the  village  of  Cummingsville,  and  the  stream  is  probably  polluted  to  some 
extent  by  sewage  from  houses  located  close  to  the  stream  and  its  tributaries. 
A  short  distance  south  of  the  village  there  is  a  very  large  piggery  located 
dose  to  the  brook,  and  it  is  evident  that  the  stream  receives  a  large  amount 
of  pollution  from  this  establishment. 

The  water-shed  of  Put  Fowle  Brook  below  the  Junction  of  Gardner's  and 
Cummingsville  brooks  appears  to  contain  no  sources  of  serious  pollution. 

The  examinations  made  by  the  Board  indicate  that  some  of  the  other 
feeders  of  Horn  Pond  are  seriously  polluted. 

The  water  supply  of  the  city  of  Wobum  is  drawn  from  a  filter-gallery 
located  near  the  shore  of  Horn  Pond.  Analyses  of  samples  of  water  from 
Horn  Pond  and  from  the  filter-gallery  indicate  that  about  90  per  cent,  of 
the  water  drawn  from  the  filter-gallery  comes  from  Horn  Pond  by  filtration 
through  the  ground.  Under  these  circumstances,  it  is  very  desirable  to 
prevent  the  pollution  of  the  waters  of  the  pond  or  any  of  its  feeders. 

Should  other  means  fail,  the  city  authorities  can  probably  prevent  the 
pollution  of  Horn  Pond  or  any  of  its  feeders  by  taking  action  under  the 
authority  of  chapter  80,  section  96  of  the  Public  Statutes. 

loE  Supplies. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year  in  reply  to  applications  for  advice  relative  to  sources 
of  ice  supply :  — 

Acton.  An  application  was  received,  Nov.  26,  1898,  from  Mr. 
Freeman  W.  Bobbins  of  Acton,  for  the  advice  of  the  Board  relative 
to  the  use  of  ice  from  a  pond  in  East  Acton.  The  Board  replied  to 
this  application  as  follows :  — 

Jam.  6, 1899. 

The  State  Board  of  Health  received  from  you,  on  November  26,  an 
application  for  advice  with  reference  to  the  use  of  ice  from  a  small  artificial 
pond  in  the  village  of  East  Acton,  and  has  caused  the  pond  and  its  sur- 
roundings to  be  examined  by  one  of  its  engineers  and  a  sample  of  the  water 
to  be  analyzed. 

The  water  does  not  at  present  contain  any  evidence  of  sewage  pollution, 
and  there  appear  to  be  no  sources  of  sewage  pollution  upon  the  water-shed. 
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In  the  opinion  of  the  Board,  the  source  is  a  suitable  one  from  which  to  take 
ioe  for  domestic  purposes.  Owing  to  the  nature  of  the  pond,  which  is 
formed  by  flooding  a  meadow  to  a  slight  depth,  it  is  desirable  to  avoid 
flooding  it  until  the  beginning  of  winter,  as  otherwise  much  organic  matter 
of  regetable  origin  may  be  taken  up  by  the  water  from  the  bottom  of  the 
pond. 

HoLTOKE.  An  application  was  received  from  the  water  commis- 
sioners of  Holyoke,  Nov.  16,  1898,  for  the  advice  of  the  Board 
relative  to  the  propriety  of  allowing  ice  to  be  cut  from  Ashley  Pond, 
one  of  the  sources  of  the  city  water  supply.  The  Board  replied  to 
this  application  as  follows :  — 

Bbo.  2, 189S. 

The  State  Board  of  Health  received  from  you,  on  Nov.  16,  1898,  a  com- 
munication requesting  advice  as  to  the  advisability  of  allowing  ice  to  be 
cut  from  Ashley  Pond,  one  of  the  sources  of  water  supply  of  the  city  of 
Holyoke.  Accompanying  the  application  was  a  plan  showing  the  water- 
shed of  the  pond,  the  place  where  the  ice  houses  are  to  be  located  and  the 
place  where  it  is  proposed  to  cut  the  ice. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  proposed  plan.  It  appears  that  much  improve- 
ment has  been  made  in  and  about  the  shores  of  Ashley  Pond ;  and  it  is 
understood  that  the  water-shed  of  the  pond  is  now  controlled  by  the  city 
of  Holyoke,  and  that  all  sources  of  pollution  have  been  removed  tiieref rom. 
It  is  very  desirable,  in  the  opinion  of  the  Board,  that  ice  used  for  domestic 
purposes  should  be  taken  from  sources  free  from  sewage  contamination ; 
and  it  is  probably  safe  to  allow  the  cutting  of  ice  upon  Ashley  Pond  or  one 
of  its  arms,  provided  that  inspectors  be  employed  to  look  after  the  interests 
of  the  city,  and  that  other  suitable  precautions  be  taken  to  prevent  pol- 
lution of  the  water. 

The  ice  houses  proposed  in  your  application  would  be  located  within  the 
water-shed  of  one  of  the  tributaries  of  Ashley  Pond,  and  drainage  from 
the  vicinity  of  these  houses  would  flow  naturally  into  the  pond.  It  appears 
to  be  feasible  to  divert  from  Ashley  Pond  the  portion  of  the  water-shed 
upon  which  the  proposed  ice  houses  will  be  located,  and  thereby  prevent 
any  drainage  from  this  region  from  entering  the  pond ;  but,  in  order  to  do 
this,  it  would  be  necessary  for  the  city  to  deprive  itself  of  the  yield  of 
about  100  acres  of  water-shed,  which  of  course  represents  a  considerable 
value. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that,  having 
secured  control  of  the  water-shed  of  this  pond, — your  principal  source 
of  water  supply,  — with  the  view  of  protecting  it  from  pollution,  it  would 
not  be  wise  to  grant  away  any  rights  to  its  occupation,  or  to  allow  the  con- 
struction or  use  of  buildings  within  this  water-shed. 
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Lexington.  An  application  was  received  from  the  water  com- 
missioners of  Lexington,  Nov.  14,  1898,  for  the  advice  of  the  Board 
relative,  to  the  propriety  of  allowing  ice  to  be  cut  from  the  reservoir 
used  by  the  town  as  a  source  of  water  supply.  The  Board  replied 
to  this  application  as  follows :  — 

JAW.  5, 1899. 

The  State  Board  of  Health  has  carefully  considered  your  application  for 
advice  with  reference  to  cutting  and  taking  ice  for  domestic  purposes  from 
the  reservoir  of  the  Lexington  water  works,  situated  at  the  head  waters 
of  Vine  Brook,  and  has  caused  the  reservoir  and  its  water-shed  to  be  ex- 
amined by  one  of  its  engineers. 

It  appears  that  the  reservoir  in  question  is  not  at  present  used  for  the 
supply  of  the  town,  and  is  not  likely  to  be  used  except  in  the  drier  por« 
\ion  of  the  year,  when  the  other  sources  of  water  supply  may  not  yield  a 
sufficient  quantity  of  witter  for  the  town.  It  also  appears  that  provision 
has  been  made  whereby  drainage  from  the  only  source  of  sewage  pollution 
upon  the  water-shed  can  be  diverted  therefrom ;  and  if  this  is  done,  this 
reservoir  would  be,  in  the  opinion  of  the  Board,  a  suitable  source  of  ice 
supply. 

The  Board  can  see  no  objection  to  granting  the  privilege  of  cutting  ice 
from  this  reservoir,  under  present  conditions ;  but,  in  view  of  the  possi- 
bility that  this  source  may  be  drawn  upon  for  water-supply  purposes  at 
any  time,  the  Board  would  advise  that  the  right  to  enter  upon  the  reser- 
voir and  cut  or  remove  ice  therefrom  be  kept  under  the  control  and  super- 
vision of  the  water  board,  that  any  new  buildings  which  may  be  necessary 
be  kept  off  of  the  water-shed,  and  that  inspectors  be  employed  to  prevent 
danger  of  pollution  of  the  water  by  those  engaged  in  any  work  connected 
with  cutting  or  removing  the  ice. 

North  Adams.  An  application  was  received  from  the  board  of 
health  of  North  Adams,  April  11,  1898,  for  the  advice  of  the  Board 
relative  to  certain  ponds  in  that  city  used  as  sources  of  ice  supply. 
The  Board  replied  to  this  application  as  follows :  — 

Mat  5, 1898. 

The  State  Board  of  Health  received  from  you,  on  April  11,  1898,  an 
application  for  advice  with  reference  to  the  sources  of  ice  supply  in  the 
vicinity  of  the  cily  of  North  Adams,  from  which  ice  is  harvested  for 
domestic  purposes,  and  has  caused  an  examination  of  these  sources  to 
be  made  by  one  of  its  engineers  and  samples  of  the  water  and  ice  to  be 
analyzed.  The  sources  examined  were  as  follows:  Orr's  Pond,  or  the 
Lower  Pond  in  Flaggs  Meadow,  Zylonite  Pond,  Reservoir  Pond,  Blackin- 
ton  Pond,  Kemp's  Pond,  Hudson  Brook  Pond  and  Stamford  reservoir. 
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Orr^s  Pond  is  so  sitaated  with  reference  to  the  south  branch  of  the 
Hoosac  Rirer  that  at  times  the  river  water  flows  into  the  pond,  even  when 
the  river  is  not  at  an  extraordinarily  high  level.  This  stream  receives 
domestic  and  manufacturing  sewage  from  the  town  of  Adams,  sitaated 
on  the  stream  above  the  pond.  There  are,  moreover,  several  houses  and 
stables  on  the  water-shed  of  the  pond,  drainage  from  which  enters  one 
of  the  feeders  of  the  pond.  Under  the  present  circumstances,  this  pond 
must  be  considered  a  dangerous  source  from  which  to  take  ice  for  house- 
hold use,  where  it  is  to  come  in  contact  with  food  or  drinking  water. 

Zylonite  Pond  is  situated  in  the  northerly  portion  of  the  town  of  Adams, 
near  the  works  of  the  Zylonite  Manufacturing  Company,  and  ice  from  it 
is  said  to  be  sold  in  Adams  and  in  North  Adams.  The  pond  receives  its 
water  chiefly  from  a  small  drainage  area,  upon  which  are  located  several 
dwelling-houses,  three  of  which  are  quite  close  to  the  principal  feeder  of 
the  pond,  which  is  polluted  by  drainage  from  these  sources.  In  its  present 
state  the  source  is  not  a  suitable  one  from  which  to  take  ice  for  domestic 
use ;  but,  if  the  pollution  of  the  water  of  this  pond  from  houses  on  the 
water-shed  is  prevented,  the  ice  from  this  source  could  be  used  with 
safety. 

The  water  of  Reservoir  Pond  does  not  appear  to  be  exposed  to  pollution 
by  sewage,  and  there  is  no  reason  to  think  that  ice  cut  from  this  source 
will  be  injurious  to  health. 

BlacMnton  Pond  is  situated  in  Williamstown,  just  below  the  village  of 
Blackinton,  and  is  practically  an  arm  of  the  Hoosac  River,  with  which  it 
is  connected  by  a  culvert  beneath  the  Fitchburg  Railroad,  although  the 
pond  has  a  very  small  water-shed  of  its  own.  The  water  from  the  river 
flows  through  this  culvert  into  the  pond  when  the  river  rises,  and  in  the 
opposite  direction  when  the  river  falls.  The  Hoosac  River  above  this 
pond  receives  all  domestic  and  manufacturing  sewage  from  Adams  and 
North  Adams  and  from  the  factories  along  its  banks,  and  in  its  present 
state  it  is  a  highly  polluted  stream.  Moreover,  the  small  water-shed  of 
the  pond  also  contains  several  houses.  Blackinton  Pond  is,  in  the  opinion 
of  the  Board,  a  very  dangerous  source  from  which  to  take  ice  for  domestic 
use. 

Kemp's  Pond  is  a  very  small  artificial  pond,  situated  in  the  easterly  por- 
tion of  North  Adams,  and  the  quantity  of  ice  cut  from  it  is  said  to  be  very 
small.  The  pond  is  exposed  to  pollution  by  one  dwelling-house,  situated 
about  60  feet  from  the  shore  of  the  pond ;  and,  if  the  use  of  this  pond  as 
a  source  of  ice  supply  for  domestic  purposes  is  to  be  continued,  the  drain- 
age from  this  house  should  be  prevented  from  entering  the  pond. 

Hudson  Brook  Pond  is  a  very  small  artificial  reservoir,  formed  by  a  dam 
across  Hudson  Brook,  one  of  the  principal  tributaries  of  the  north  branch 
of  the  Hoosac  River.  There  are  no  immediate  sources  of  pollution  in  tiie 
vicinil^  of  the  pond,  but  there  are  a  few  houses  situated  near  the  banks 
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of  the  brook,  and  in  connection  with  some  of  these  honses  there  are  stables 
situated  very  close  to  the  brook.  The  pond  would  appear,  however,  to 
be  a  suitable  source  of  ice  supply,  if  care  is  taken  to  prevent  its  pollution 
from  the  few  buildings  situated  in  the  immediate  vicinity  of  the  stream  or 
its  tributaries,  above  the  pond. 

Stamford  reservoir  is  located  at  the  head  waters  of  the  north  branch  of 
the  Hoosac  River,  in  the  town  of  Clarksburg,  and  is  the  most  important 
source  of  ice  supply  of  North  Adams.  There  is  a  considerable  number 
of  houses  on  the  water-shed,  a  few  of  which  are  situated  very  close  to  the 
streams  which  feed  the  reservoir.  If  precautions  are  taken  to  prevent 
pollution  of  the  reservoir  from  these  houses,  the  source  is  a  satisfactory 
one  from  which  to  obtain  ice  for  domestic  uses. 

North  Adams.  An  application  was  received,  Nov.  10,  1898, 
from  the  board  of  health  of  North  Adams,  for  advice  relative  to  the 
propriety  of  using  the  Deerfield  River,  near  the  Hoosac  Tunnel,  as  a 
source  of  ice  supply.  The  Board  replied  to  this  application  as 
follows :  — 

Dbc.  2, 1888. 

The  State  Board  of  Health  received  from  you,  on  Nov.  10,  1898,  a  re- 
quest for  advice  as  to  the  use  of  the  Deerfield  River,  near  Hoosac  Tunnel, 
as  a  source  of  ice  supply,  the  ice  to  be  cut  from  the  pond  created  by  a  dam 
across  the  river  near  the  entrance  to  the  tunnel,  and  has  caused  a  general 
examination  of  this  source  to  be  made  by  one  of  its  engineers  and  samples 
of  the  water  to  be  analyzed.  The  results  of  these  analyses  indicate  that 
the  water  is  of  good  quality  for  the  purposes  of  an  ice  supply. 

The  river  above  Hoosac  Tunnel  has  a  water-shed  of  about  254  square 
miles,  as  measured  from  the  available  maps  of  the  region ;  and  the  popu- 
lation upon  this  water-shed  is  very  small,  the  only  notable  sources  of  pol- 
lution being  three  mills,  one  located  at  Monroe  Bridge,  7  miles  above 
Hoosac  Tunnel,  and  the  others  at  Readsboro,  4  miles  further  up  stream, 
and  possibly  the  farm-house  and  stable  a  short  distance  above  the  dam. 

If  such  precautions  as  may  be  found  necessary  are  taken  to  prevent 
injury  to  the  ice  from  the  sources  referred  to,  the  Board  is  of  the  opinion 
that  the  Deerfield  River  at  Hoosac  Tunnel  will  be  an  excellent  source  from 
which  to  take  ice  for  domestic  purposes. 

WoECESTEE.  An  application  was  received,  on  Dec.  10,  1898, 
from  the  Curtis  Manufacturing  Company  of  Worcester,  for  advice  as 
to  the  use  of  Curtis  Pond  in  that  city  as  a  source  of  ice  supply 
for  domestic  purposes.  The  Board  replied  to  this  application  as 
follows :  — 
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In  acooidanoe  with  your  request  for  advice  as  to  the  suitability  of  Curtis 
Pond,  in  the  city  of  Worcester,  as  a  soarce  of  ice  supply,  the  Board  has 
caused  an  examination  of  the  pond  to  be  made  by  one  of  its  engineers  and 
a  sample  of  the  water  to  be  analyzed. 

The  results  of  the  examination  show  that  there  'are  several  factories  and 
dwelling-houses  located  near  the  stream,  for  the  most  part  at  considerable 
distances  above  the  pond,  from  some  of  which  polluting  matters  enter  the 
stream.  These  would  render  this  pond  an  unsatisfactory  source  from 
which  to  obtain  ice  for  use  in  drinking  waters,  and  the  Board  knows  of  but 
one  way  to  obtain  ice  from  such  a  pond  that  can  be  so  used  with  safety. 
This  is,  to  remove  from  the  ice,  after  cutting,  the  first  inch  of  ice  that 
formed  upon  the  pond  and  all  of  the  ice  which  formed  above  this  first  inch, 
from  snow  or  rain  or  flooding,  and  retain  for  use  only  the  dear  ice  which 
formed  under  the  first  inch. 

If  such  a  course  be  followed  with  the  ice  of  Curtis  Pond,  the  ice  thus 
retained  can  be  safely  used  for  domestic  purposes. 

Public  Instttdtions  (Chapter  101,  Acts  or  1886,  Section  4). 

The  Massachusetts  School  fob  the  Feeble-mindbd.  An 
application  was  received,  in  November,  1898,  from  the  trustees  of 
the  Massachusetts  School  for  the  Feeble-minded,  for  tiie  advice  of  the 
Board,  under  the  provisions  of  chapter  101  of  the  Acts  of  1886, 
relative  to  the  propriety  of  taking  certain  land  in  the  town  of  Tem- 
pleton,  comprising  about  2,000  acres,  for  the  location  of  a  colony 
of  the  School  for  the  Feeble-minded.  The  Board  caused  the  proposed 
locality  to  be  examined,  and  replied  as  follows :  — 

Dbc«  2, 1888. 

In  compliance  with  yoor  request  for  the  approval  of  this  Board,  under 
the  provisions  of  chapter  101  of  the  Acts  of  1886,  section  4,  of  a  certain 
tract  of  land  in  Templeton  as  a  location  for  a  colony  of  the  Massachusetts 
School  for  the  Feeble-minded,  the  Board  has  caused  an  examination  of  the 
land  to  be  made. 

The  proposed  tract  comprises  about  2,000  acres,  more  or  less,  lying  in 
the  north-west  part  of  the  town  of  Templeton,  between  Beaver  Brook  and 
Crow  Hill  Brook,  so  called,  and  the  road  running  from  Baldwinville  to 
South  Boyalston. 

The  Board  has  voted  to  approve  the  aforesaid  tract  aa  aoitable  for  tbe 
purpose  named  in  your  i^pplication. 


Examination  of  Water  Supplies. 
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EXAMINATION  OF  WATER  SUPPLIES. 


EXPLANATORY  NOTE. 

The  systematic  ezamloation  of  the  water  supplies  of  Massachusetts  was  begun  by 
the  State  Board  of  Health  June  1,  1887,  and  has  been  continued  up  to  the  present 
time.  The  results  of  the  Investigations  which  were  made  during  the  first  two  years 
were  published  In  the  special  report  of  the  Board  upon  the  Examination  of  Water 
Supplies  (1890),  and  the  results  of  examinations  made  in  succeeding  years  have 
been  published  In  the  annual  reports  of  the  Board  beginning  with  the  Twenty-sec- 
ond Annual  Report  (1890). 

The  special  report  upon  the  Examination  of  Water  Supplies  contains  descriptions 
of  each  of  the  water  supplies  In  the  State  existing  at  the  date  of  that  report,  and  the 
results  of  chemical  and  microscopical  examinations  of  samples  of  water  collected 
from  the  principal  sources  of  supply.  The  annual  reports,  beginning  with  the  re- 
port for  the  year  1890,  contain  descriptions  of  all  new  works  and  the  important 
changes  in  existing  works,  together  with  the  results  of  the  chemical  and  microscopi- 
cal examinations  which  have  been  made  of  the  various  sources  of  supply.  In  the 
more  recent  reports,  yearly  averages  of  the  chemical  analyses  of  those  sources 
which  have  been  examined  regularly  for  a  number  of  years  have  also  been  given. 

In  the  present  report  It  has  been  thought  advisable.  In  certain  cases,  where  a  num- 
ber of  samples  from  one  source  have  been  analyzed  during  the  year,  and  the  results 
of  the  various  analyses  show  no  marked  changes  from  time  to  time,  to  omit  the  re- 
sults of  the  analysis  of  each  individual  sample,  and  to  give  only  the  average  of  the 
results  of  all  the  analyses  of  the  water  of  this  source  made  during  the  year. 

The  average  analyses  of  former  years  are  generally  omitted,  except  those  of 
sources  In  which  there  has  been  some  marked  change  in  the  character  of  the  water 
during  the  period  covered  by  the  examinations. 

Microscopical  examinations  have  been  made  of  nearly  all  of  the  samples  of  water 
which  have  been  examined  chemically,  and  the  methods  employed  have  remained  un- 
changed. The  results  of  these  examinations  have  been  generally  omitted  in  this 
report,  except  In  cases  where  certain  organisms  which  are  known  to  have  given 
trouble  In  water  supplies  by  causing  disagreeable  tastes  and  odors  have  been  found 
in  considerable  numbers. 

In  cases  where  a  knowledge  of  the  condition  and  the  surroundings  of  the  source 
would  assist  materially  in  understanding  and  interpreting  the  analyses,  a  brief  de- 
scription of  the  source  is  presented,  and  in  some  cases  a  statement  as  to  the  char- 
acter of  the  water,  as  Indicated  by  previous  analyses,  is  given.  The  descriptions  of 
sources  have  in  many  cases  been  obtained  from  reports  of  engineers,  and  In  others 
from  personal  Investigation  by  members  of  the  engineering  force  of  the  Board.' 
The  information  as  to  sizes  of  ponds  and  of  their  drainage  areas  has  generally  been 
obtained  from  the  most  recent  maps,  and  the  areas  of  water-sheds  Include  In  all  cases 
the  areas  of  water  surfaces.  The  population  on  water-sheds  has  been  estimated  from 
the  census  of  1895. 
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In  this  report,  as  in  former  reports,  an  alphabetical  arrangement  by  towns  has 
been  followed,  the  source  of  supply  being  tabulated  under  the  name  of  the  town 
supplied,  except  that  the  description  and  analyses  of  the  sources  used  for  the  supply 
of  the  Metropolitan  Water  District  are  placed  at  the  beginning.  Waters  not  used  as 
sources  of  supply  are  tabulated  under  the  name  of  the  towns  in  which  they  are  sit- 
uated. The  analyses  of  samples  collected  ftrom  rivers  not  used  directly  as  sources 
of  water  supply  are  given  in  a  subsequent  chapter  on  the  "  Examination  of  Rivers," 
and  the  results  are  tabulated  alphabetically  by  the  name  of  the  river. 

The  method  of  making  the  chemical  examinations  has  not  been  changed  during 
the  past  year.  All  surface  waters  and  such  samples  of  ground  water  as  contain  sus- 
pended matter  are  filtered  through  filter-paper  before  determining  the  color,  the  resi- 
due on  evaporation,  the  albuminoid  ammonia  in  solution  and  the  oxygen  consumed. 
Some  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn  from  the 
ground  become  turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of 
the  iron  which  they  contain.  In  these  waters  the  residue  on  evaporation  is  deter- 
mined without  filtration,  since  this  iron  is  an  essential  and  not  an  accidental  ingre- 
dient in  the  water.  In  the  changes  which  accompany  the  oxidation  of  the  iron 
in  waters  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 
milky) ,  and  finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition 
they  have  a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as 
in  the  case  of  surface  waters,  and  is  only  a  passing  phenomenon,  is,  nevertheless, 
of  interest,  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of 
the  iron  is  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water 
may  become  colorless  again.  In  some  cases,  however,  the  iron  occurs  in  combina- 
tion with  organic  matter,  forming  a  much  more  stable  body.  In  such  cases  the  water 
is  of  a  brown  color  when  first  drawn  from  the  ground,  and,  while  the  iron  begins 
to  oxidize  soon  after  the  water  is  exposed  to  the  air,  the  process  goes  on  slowly, 
and  the  water  may  remain  colored  and  iron  continue  to  precipitate  for  a  long  time. 

The  color  of  the  water  Is  expressed  by  numbers,  which  increase  with  the  amount 
of  color.  The  standards  used  are  natural  waters,  the  color  of  which  has  been  accu- 
rately determined  by  comparing  them  with  the  nesslerized  ammonia  standards  which 
were  described  on  page  581  of  the  Special  Report  upon  the  Examination  of  Water 
Supplies  (1890),  and  on  page  829  of  the  Annual  Report  for  1892.  By  using  natural 
waters  as  standards  for  comparison,  the  apparent  rather  than  the  actual  color  Is 
obtained,  as  a  natural  water  nearly  always  has  a  greater  or  less  turbidity,  which 
gives  the  water  the  appearance  of  having  a  greater  color  than  the  water  would  have 
if  there  were  no  turbidity. 

The  rainfall  during  the  year  1898  was  exceptionally  heavy,  especially  during  some  of 
the  summer  months,  in  consequence  of  which  the  fiow  of  the  streams  was  very  large 
during  that  portion  of  the  year  when  the  fiow  is  usually  smallest,  and  the  water  in 
the  storage  reservoirs  and  ponds  was  consequently  kept  at  a  high  level  In  the  summer. 
The  ground-water  level  was  also  much  higher  than  is  usual  during  an  ordinary  year. 
The  efllect  of  these  conditions  upon  the  sources  of  water  supply  has  been  to  prevent 
troubles  which  often  occur  from  the  lowering  of  water  in  ponds  and  storage  res- 
ervoirs, and  the  troubles  which  frequently  occur  in  ground  waters  from  imperfect 
filtration  at  times  when  the  level  of  the  water  in  the  ground  has  been  lowered  consid- 
erably. Tables  showing  the  daily  rainfall  at  various  places  In  the  State,  the  average 
f ainfall  for  a  large  number  of  years  and  the  fiow  of  some  of  the  streams  in  the 
State,  are  given  in  a  subsequent  chapter,  entitled  *^  Water  Supply  Statistics  and  Flow 
of  Streams.*' 
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EXAMINATION  OF  WATEE  SUPPLIES. 


Water  Supply  of  the  Metropolitan  Water  District. 

By  the  provisions  of  chapter  488  of  the  Acts  of  1895,  entitled 
**  An  Act  to  provide  for  a  Metropolitan  Water  Supply,"  a  Metro- 
politan Water  District  was  created,  to  include  the  cities  of  Boston, 
Chelsea,  Everett,  Maiden,  Medford,  Newton  and  Somerville,  and 
the  towns  of  Belmont,  Hyde  Park,  Melrose,  Revere,  Watertown 
and  Winthrop.  In  accordance  with  a  provision  made  in  the  act  for 
the  admission  of  other  cities  and  towns,  the  city  of  Quincy  and 
town  of  Nahant  have  been  admitted  to  the  district,  and,  by  an 
agreement  entered  into  Dec.  2,  1898,  a  supply  of  water  is  to  be 
furnished  by  the  district  to  the  town  of  Swampscott  for  a  term  of 
years. 

The  Metropolitan  Water  Board,  instituted  under  the  Metropolitan 
Water  Act,  began  in  1895  the  construction  of  works  to  supply 
the  Metropolitan  Water  District  with  wat^r  from  the  South  Branch 
of  the  Nashua  River,  in  connection  with  some  of  the  former  sources 
of  supply  of  the  city  of  Boston.  On  Jan.  1,  1898,  the  Board,  in 
accordance  with  the  provisions  of  the  act,  took  possession  of  Mystic 
Lake,  the  aqueduct,  pumping  station  and  distributing  reservoir,  the 
Chestnut  Hill  Reservoir  and  pumping  station,  and  all  the  lands, 
reservoirs,  pumps,  dams,  aqueducts,  pipes  and  other  property  west 
of  Chestnut  Hill  Reservoir  held  by  the  city  of  Boston,  for  the  pur- 
pose of  storing  and  supplying  water  and  protecting  its  purity,  in- 
cluding all  of  the  Sudbury  and  Cochituate  works. 

The  Sudbury  and  Cochituate  sources  formerly  owned  by  the  city 
of  Boston  are  retained  by  the  Metropolitan  Water  Board  for  use 
in  supplying  the  district ;  but  Mystic  Lake,  from  which  the  water 
supply  of  the  cities  of  Somerville,  Chelsea  and  Everett  and  a  por- 
tion of  Boston  was  formerly  derived,  has  been  abandoned  as  a 
source  of  water  supply.     Spot  Pond,  which  was  formerly  the  chief 
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source  of  supply  of  Maiden,  Medford  and  Melrose,  is  to  be  used  in 
the  future  as  a  distributing  reservoir  for  the  Metropolitan  District, 
and  material  changes  are  being  made  in  the  pond  and  its  surroundings. 

The  water  of  the  South  Branch  of  the  Nashua  River,  the  new 
source  of  supply  of  the  Metropolitan  Water  District,  is  taken  at  a 
point  above  Clinton  where  the  river,  has  a  water-shed  of  118.2 
square  miles.  This  water-shed  contains  no  large  towns  and  is  very 
sparsely  settled,  the  entire  area  having  a  population  of  about  69  per- 
sons per  square  mile,  and  the  population  is  decreasing.  Much  of 
the  water-shed  is  hilly  and  even  mountainous,  Mt.  Wachusett  at  the 
northerly  side  of  the  water-shed  being  the  highest  elevation.  The 
valleys  are  generally  quite  steep,  and  the  areas  of  swampy  land  are 
small  as  compared  with  the  Sudbury  River  water-shed.  The  nature 
of  the  land  is,  moreover,  such  that  it  is  not  highly  cultivated. 

Water  from  Nashua  River  is  conveyed  to  the  Sudbury  Reservoir 
(formerly  known  as  Reservoir  No.  5  of  the  city  of  Boston) ,  through 
the  Wachusett  Aqueduct,  and  an  open  channel  in  the  bed  of  Stony 
Brook,  a  total  distance  of  12  miles.  The  Sudbury  Reservoir  was 
taken  by  the  Metropolitan  Water  Board  in  January,  1896,  when 
partially  constructed,  and  was  completed  and  first  used  in  the  early 
part  of  1898.  This  reservoir  is  the  largest  of  the  various  reservoirs 
available  for  the  supply  of  the  Metropolitan  District.  From  the 
Sudbury  Reservoir  water  flows  through  the  open  channel  of  Stony 
Brook  to  Framingham  Reservoir  No.  3  (formerly  known  as  Reser- 
voir No.  3  of  the  city  of  Boston),  and  from  this  reservoir  two  48- 
inch  pipes  convey  the  water  to  the  head  of  the  Sudbury  Aqueduct, 
which  extends  from  Framingham  Reservoir  No.  1  to  Chestnut  Hill 
Reservoir,  a  distance  of  17.4  miles. 

Framingham  Reservoir  No.  1  (formerly  Reservoir  No.  1  of  the 
Boston  Water  Works)  is  located  at  the  confluence  of  Stony  Brook 
with  the  Sudbury  River,  and  Framingham  Reservoir  No.  2  (for- 
merly Reservoir  No.  2  of  the  Boston  Water  Works)  is  located  on 
the  Sudbury  River  just  above  Reservoir  No.  1.  There  are  three 
other  large  reservoirs,  located  on  tributaries  of  the  Sudbury  River, 
now  under  the  control  of  the  Metropolitan  Water  Board;  viz., 
Ashland  Reservoir  (formerly  known  as  Reservoir  No.  4),  located 
on  Cold  Spring  Brook ;  Hopkinton  Reservoir  (formerly  known  as 
Reservoir  No.  6),  located  on  Indian  Brook;  and  Whitehall  Reser- 
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voir  (formerly  known  as  Whitehall  Pond,  or  Reservoir  No.  8),  lo- 
cated near  the  headwaters  of  the  Sudbury  River.  Water  from  the 
last  three  reservoirs  is  drawn  through  the  channels  of  the  brooks 
upon  which  the  reservoirs  are  built  to  the  Sudbury  River,  through 
which  it  flows  to  Framingham  Reservoir  No.  2,  and  may  thence 
be  drawn  into  the  aqueduct  leading  to  Chestnut  Hill  Reservoir. 
Farm  Pond  in  Framingham,  formerly  used  as  a  source  of  supply  for 
the  city  of  Boston,  is  now  controlled  by  the  Metropolitan  Water 
Board,  and  is  connected  with  the  Sudbury  Aqueduct.  Lake  Cochit- 
uate,  which  has  also  been  acquired  as  one  of  the  sources  of  supply 
of  the  district,  is  connected  by  a  separate  aqueduct  with  Chestnut 
Hill  Reservoir.  Dudley  Pond  is  a  tributary  of  Lake  Cochituate, 
and  its  waters  can  be  drawn  into  the  lake.  The  following  table 
gives  statistics  relating  to  the  various  reservoirs  and  lakes  above 
referred  to :  — 


AmsAS  OF  Watbr-sbbds, 

nrCLDDXMO  WaTBB  8UBFAOS0. 

Area  of 

Water 

Sorfaoe 

(Acres). 

Available 

Storage 

Capacity  of 

Reservoir 

(U.  8.  Oallons). 

Mazlmam 

Depth 

of 

Reservoir 
(Feet). 

NAME. 

ExclQslya  of 
B«MiToirs 

*bOT6 

(Square  MOes). 

Total 

Contribatlnff 

Water-shed 

(Square  Miles). 

Sadbnxy  Batervolr,    . 
Framlnghmn  Beiervolr  No.  8,  . 
FnunloghAiii  Beacrvoir  Ko.  1,  . 
FruBlngbam  BaMrrolr  No.  2,  . 
AAhland  BoMiTolr,    . 
Hopklnton  BMerroir, 
Wbitohatt  BoMrrolr,        .       . 
Farm  Pond,         .... 
Lako  CoohltiMte,        .       . 
Dudley  Pond,     .... 
Spot  Pond,  .       .       .       •       . 

82.28 
ft.40 
1.84 

28.M 
6.48 
ft.80 
4.86 
0.54 

18.87 
0.88 
2.00 

22.28* 

27.88* 

74.06* 

46.14 

6.48 

6.86 

4.86 

0.54 

10.76 

0.88 

2.06 

1,292 
258 
148 
184 
167 
185 
601 
150 
776 
03 
801 

7,268,500,000 

1,188,500,000 

287,500,000 

520,000,000 

1,416,400,000 

1,520,000,000 

1,256,900,000 

167,500,000 

2,011,200,000 

281,200,000 

758,800,000 

67 
25 
16 
18 
49 
55 
18 
12 
72 
29 
88 

*  The  watermbed  of  the  Nashua  River,  above  OilDton,  water  from  which  la  diverted  into  Bndbary 
Beaervotr,  has  an  area  of  118.2  square  mllea. ' 


Whitehall  Reservoir,  Farm  Pond,  Lake  Cochituate,  Dudley  Pond 
and  Spot  Pond  are  natural  ponds,  in  which  the  level  of  the  water 
has  been  raised  somewhat  by  damming  the  outlets.  Framingham 
reservoirs  Nos.  1,  2  and  3  are  artificial  reservoirs,  containing  on 
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the  bottom  much  of  the  soil  and  organic  matter  which  was  on  the 
surface  of  the  ground  before  the  reservoirs  were  constructed.  Sud- 
bury Reservoir,  Ashland  Reservoir  and  Hopkinton  Reservoir  are 
artificial  reservoirs,  from  the  bottoms  of  which  all  of  the  soil  and 
organic  matter  have  been  removed. 

The  Metropolitan  Water  Board  began  to  supply  water  to  the 
Metropolitan  Water  District  Jan.  1,  1898,  and  during  the  year  the 
following  cities  and  towns  were  supplied,  either  wholly  or  in  part, 
with  water  from  these  works  :  — 


CrrY  OR  TOWN. 


Fopvlatknifai 


Boston, 

Somerville, 

Chelsea, 

Maiden, 

Quincy, 

Everett, 

Medford, 

Melrose, 

Watertowo, 

Bevere, 

Winthrop, 

Belmont, .       . 

Total  popalaUon  of  cities  and  towns  supplied, .... 


496,930 

52,200 

81,264 

29,708 

20,712 

18^573 

14,474 

11,965 

7,788 

7,428 

4,192 

2348 


698,062 


During  the  year  1898,  the  water  for  Boston  and  the  greater  part 
of  the  cities  and  towns  in  the  above  table  was  taken  mainly  from 
Framingham  reservoirs  Nos.  1  and  2,  up  to  April  20,  and  for  the 
remainder  of  the  year  from  Framingham  Reservoir  No.  3.  The 
water  of  the  Nashua  River  has  been  discharged  through  the  Wachu- 
sett  Aqueduct  into  the  Sudbury  Reservoir,  from  which  it  has  been 
drawn  into  Framingham  Reservoir  'So.  3.  A  small  part  of  the 
supply  was  furnished  from  Lake  Cochituate  early  in  the  year,  and 
again  in  September  and  October.  The  water  of  Spot  Pond  has 
been  supplied  to  Melrose  and  occasionally  to  other  cities  and  towns 
in  the  northerly  part  of  the  district.  The  cities  of  Maiden,  Med- 
ford  and  Quincy,  and  the  towns  of  Revere,  Winthrop,  Watertown 
and  Belmont,  supplied  themselves,  either  wholly  or  in  part,  during 
a  portion  of  the  year  with  water  from  local  sources. 
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Chemical  Examination  of  Water  from  the  Quin^>oxel  River  in  Eolden. 

[Put*  par  IM.OOO.] 
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Odor,  |«»rKllT  falnUr  T*i*l 
The  umplaa  wars  eollKlad  from  Uh  Hht,  at  Bmltta'a  Woolen  Ulll  Id  BoldM,  ud  1,000  f««t  ibOT*  tba 
tMlwnD  HoldiD  tad  Wul  BdjIiiod.    Thl*  rliar  la  ona  of  the  priadpal  trlbntariaa  of  Um 
>f  tb*  Naabna  RlTor  aboTa  Clloton. 


Otemieal  Examination  of  Waterfront  Stitltoater  River  in  Sterling, 

[parti  par  100,000.] 
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Odor,  g«DBTtlly  falntlj  ret^^bla,  ocoaaloDallf  oiDatj,  ■niueUmea  bwrnslor  al 
Tba  aamplM  vara  eollaelad  from  Iba  rlrer,  al  a  blibwaf  brtdgc  atwDl  1  mUo  ■] 
batwean  ewrllai  asd  Wmt  BojIitaD.  Tbli  rtTtr  ■•  ona  ol  Dm  ptlnglpal  trtbalarl 
ol  tba  MMku  BlT«T  abvn  CUnUB. 
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Chemical  Examination  of  Waler  from  the  SotUh  Sraneh  of  the  Nathua  River 
above  Clinton. 

[Put!  per  100,000.] 


Odor,  ■enartllT  M11II7  TegsUbls;  In  Aacaat.  ■  dIMliKlly  flih;  odot  wu  dnelopcd  on  bwtlBg. - 
b*  wmplH  wan  sollsetcd  tiun  tbe  rlrar,  M  Um  dui  ot  t]i«  Lusutar  UiDohatnriBs  CoBpujr,  at  I 
biM  whan  wBtar  li  dlnited  for  OM  Id  nipplytiw  tb*  IlatropaUtu  Wain  DIMilM. 


Chemical  Examination  of  WaUr  from  WaOcer'i  Brook,  Marlborough. 
[Paila  par  ID^00O.] 


Odor,  |«Banllj  falsUy  nfMabla  and  mnatf ,  OMaataaallj  nsplaaauil,  baaoiiilB(  atroBfar  on  haat- 

1^. Tba  aanplaa  wara  eollaelad  from  tba  bnok,  U  tb*  flnt  rakd  bridga  balow  Uapka  Binat,  aboat  1 

nil*  miib  of  Ibg  oDIn  ot  Uh  dtf  of  Mulbon>D|h.   TU*  brook  li  onaot  tba  tribatsrtaa  of  81007  Biook 
abora  tW  Badbuj  Bmrralr. 
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Chemical  Examinalion  of  Water  from  Sudbury  Reservoir,  collected  near  the 

Surface. 

[Parts  per  100,000.] 
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21781 


S2483 
S2n8 


1898. 

JftD     8 
Jan.  81 

Feb.» 

Mar.  8 


18187 
88161 


Apr.  4 
Apr.  11 
22874:  Apr.  18 
99868  Apr.  25 


May  2 
May  12 
May  16 
May  28 

May  81 


Jnoe  6 
JaiMlS 
»610'Jiim20 
28709  June 27 

9«n4 


28617 


28807 


24587 
84689 
24«76 
24T66 


26087 
26128 
2»20d 


25482^ 


Decldscl. 
V.  slight. 

Decided. 

Decided. 

Slight. 
V.  slight. 
SUght. 
V.saght. 

Slight. 

Blight. 
;  SUght. 

v.  slight. 
IV.sUght. 

V.  slight. 
,V.  slight. 

V.  slight. 
!  BUght. 
I  BUght. 

I V.  slight. 
•  V.sUght. 
I  v.  slight. 

:  SHght. 
;  Slight. 
I  Slight. 
!  SHght. 
SUght. 

v.  slight. 

Slight. 
<  V  sUgfat. 
i  SUght. 

V.sUght. 

V.sUght. 

,  V.sUght 

Oct.  24 1>  V.sUght. 
Get.  81  |i  SUght. 

Nov.  7*  V.sUght. 
Not.  14!' V.sUght. 
Not.  21  I  SUght. 


JnneSO 

July  11 
July  18 
Jaly25 


24122  Aug.  1 
24188  Aug.  8 
24288,  Aog.lft 
24881  Ailg.92 
24504  Aog.81 


Sept.  6 
8ept.l2 
Sept.10 
Bept.26 

Oct.  8 
Oct.  10 
Get.  17 


2S610,  Dee.  1  I  Decided. 
25682  Dee.  12  '  Decided. 

»  Dee.  19  I  Slight. 
26766  Dee.  27    BUght. 


Slight. 
V.sUght. 

.68 
.80 

7.80 
4.20 

Cods. 

.66 

4.60 

Cone. 

.60 

4.26 

Slight. 
Slight. 
BHght. 
BUght. 

.40 
.40 
.40 
.40 

8.06 
4.06 
3.60 
8.70 

Cons. 

Cons. 

SUght. 

V.sUght. 

V.sUght. 

.89 
.86 
.86 

.40 
.44 

8.46' 

8.76 

8.66 

8.40 

8.60 

Slight. 
Slight. 
SHght. 
SUght. 
SHght. 

.46 
.44 
.88 
.86 

.86 

4.15 
8.60 
8.96 
8.70 
4.90 

BUght. 

Cone. 

SUght. 

.32 
.80 
.80 

8.16 
8.80 
8.60 

Cods. 

Cone. 

Cods. 

V.sUght 

SUght. 

.92 
.20 
.24 

.20 
.21 

8.66 
8.50 
8.46 
8.65 
8.70 

V.sUght. 
Cods. 
Cods. 
Cods. 

.21 
.27 
.88 
.41 

8.86 
4.20 
4.46 
4.95 
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V.sUght. 
V.  slight. 
BUght. 
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4.25 
4.65 
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5.85 
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SUght. 
SHght. 
V.sUght. 
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.60 
.66 
.48 

5.66 
5.45 
5.75 
4.55 
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1.46 

1.70 

1.25 

1.50 
1.65 
1.16 
1.85 

1.10 
1.10 
1.45 
1.15 
1.85 

1.45 
1.60 
1.80 
1.45 
1.90 

1.25 
1.80 
1.80 

1.20 
1.80 
1.45 
1.40 
1.25 

1.85 
1.80 
1.76 
1.90 

1.65 
1.70 
1.65 
1.75 
2.00 

1.75 
1.90 
1.90 

2.25 
1.60 
2.50 
2.15 
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Odor,  goneraUy  dodo,  oecasloDaUy  faintly  vegeUble.    A  vegetable  odor  was  developed  Id  mosi 

the  eamplea  on  heating. The  samples  were  collected  from  the  reservoir,  near  the  gate-house, 

deiKh  of  1  foot  heoeath  the  snrfkMe.    For  monthly  record  of  height  of  water  In  this  reeervoir,  see  ta 


of 

a 
le 
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METBOPOIilTAN  T^ATBR  DI8TBICT. 

Microscopical  Examination  of  Water  from  Sudbury  Reservoir^  collected  near  the 

Surface. 

[Knmber  of  organimu  p«r  onbie  centimeter.] 


Montb,  1808,    . 


IHj  of  ezemliuUion, 
Namber  of  ■ample. 


PLAHTS. 
Dlatomaceeo, 

Aeterionelle,  . 
CydotelU,     • 
Synedra, 
Tabellaria»     . 

OyanopliyceeB, 
AaabMia, 

AljpSOf  •        •        • 

BotryeoeeQiy  • 
Protoooeeos,  . 
KapUdltim,    . 


ANIMALS. 
Rhlaopoda, 

InftLBorla. 

OUUted  infoeorlaa, 
OryptomoDM, 
Dtnobrvon,    . 
Peridinlom,   . 
SynQra,  •       •       • 
uroglena, 
Vortloella,     . 

Vermes,   . 

CruBtaoea,     . 


Boemina, 
Cyelope, . 
Daphnla, 


Jan. 


4 
217S1 


Jfi«c«/toii«9iM,Zo8fl(Ba, 


t18 


8 
0 
6 


0 
0 


0 

0 

00 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


Total,     . 


.       • 


284 


Feb. 


2 
22028 


0 
0 
0 
0 


0 
0 


0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


8 
8 


March. 


2288822488 


0 
0 
0 

0 


0 
0 


0 
0 
0 


0 


IS 

0 

0 
6 

% 
4 
2 
0 


0 

0 
0 
0 


90 


0 
0 
1 
0 


0 
0 


0 
0 

0 


0 

00 
61 

e 

100 

11 

0 


0 

0 
0 


6 
^18 


10 


240 


April. 


28 
0 
8 

10 


0 
0 


0 
0 
0 


12 

18 

22780 

22874 

96 

190 

70 

80 

0 

0 

12 

82 

8 

28 

0 

0 

0 

0 

• 

5 

It 

0 

0 

0 

0 

0 

0 

0 

0 

0 

01 

104 

37 

4 

10 

10 

22 

8 

8 

27 

88 

24 

4 

1 

0 

8 

1 

0 

0 

1 

0 

0 

0 

0 

1 

t 

0 

0 

0 

0 

0 
0 

V 

0 
0 

0 

0 

0 

8 


110 


212 


240 


20 


190 

74 

0 

77 

0 


0 
0 


0 
0 
0 


0 


0 

& 

71 
8 
1 
1 
0 


0 
0 
0 


240 


8 
128028 


May. 


m 

7 

1 

112 
4 


0 
0 


0 
0 
0 


18 
28187 


154 


17 
28104 


28 
28207 


108 

2 

120 

20 


0 
0 


8 

0 
0 
0 


t70 

110 

0 

IM 

11 


0 
0 

0 

0 
0 
0 


0 

0 

19 

81 

10 

8 

10 

8 

0 

02 

2 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 


99 

0 
8 
12 
14 
0 
0 
0 


pr. 

0 
pr. 
pr. 


847 


814 


140 

48 
1 

72 
24 


0 
0 


0 
0 
2 


19 

0 
8 
16 
0 
0 
0 
0 


Jane. 


pr. 

0 

0 

pr. 


8 


108 


2882023800 


47 

12 
8 


0 
0 


0 
6 
0 


0 


0 
0 
8 
0 
0 
0 
0 


pr. 


pr. 


00 


59 

18 

19 

18 

5 


10 
10 

18 

0 

0 

17 


0 
0 
0 
0 
0 
0 
0 


pr. 


pr. 


91 
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MBTBOPOIilTAN  WATER  BISTBICTw 

Mieroseopical  ExamituUum  of  Water  from  Sudbury  Reservoir^  collected  near  the 

Surf  (toe  —  Continued. 

[NamlMF  of  orsAoiims  per  onbie  oontimetor.] 


Month,  M6. 


June. 


J>my  of  Muunlnatlon,    . 
Kambor  of  Munplo, 


14 
128617 


21 
28010 


28T00 


PLAliTTS. 

DiatomaoeaB, 

Aatarionella,  • 
CyeiotelU, 
Bynedrm,         • 
T^boUarU,     . 

CyanopliyceaB, 
AnabMiWa 


•  • 


ProtocoooiUf . 
Baphidlnm,    . 


ttl 

508 

17 

16 

IM 

472 

6 

10 

8 

4 

20 

22 

20 

22 

81 

10 

0 

0 

28 

0 

2 

2 

ANDCAL8. 

Bhlxopoda*    • 

Inftiaoria, 

Ciliated  iofiuorl«n, 

Cryptomoiiae, 

IMDObryoBt 

Perkliniam,  • 

Brnimt  •       .       • 

ifiogleiuiv 

VordceUa, 

Crustacea,     • 

Boemiiia, 
Oydope,  •       • 
Daphnia, 


Jf<«C0/teA«m«»Zo5glcea» 


Total, 


740 

292 
422 

4 
S 


4 

4 


8 

0 
0 

4 


0 

0 

15 

8 

0 
0 
0 
0 
0 
0 
16 

0 
0 
0 
0 
0 
0 
0 

1 

1 

pr. 

pr. 

0 

0 

^'i 

''6 

0 
0 
0 
2 

0 
0 
0 


0 
0 
0 


288 


644 


760 


1 
28774 


Jalj. 


180 

814 

0 

1 


1 
1 


0 
0 
0 


12 

19 

2884428007 

600 

288 

416 

166 

60 

108 

0 

0 

84 

10 

40 

2 

48 

1 

8 

10 

0 

0 

0 

0 

0 

0 

26 
24028 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 

0 

40 

7 

0 

0 

0 

0 

80 

6 

0 

0 

0 

0 

0 

0 

10 

0 

0 

2 

0 

pr. 

0 

0 

0 

pr. 

0 

pr. 

' 

187 

10 

160 

13 

14 


1 
0 


0 
0 
6 


0 
0 
0 
1 
0 
0 
0 


8 


pr. 


pr. 


408 


601 


208 


212 


2 
24122 


Aofiitt 


0 
24188 


16 


24881 


1,154  2,408  2,572 


16 

1,072 

8 

68 


20 
18 


20 

2;266 

22 

108 


10 
10 


8 

2,466 

8 

100 


72 

0 

10 


0 

0 

0 

8 

4 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

2 

2 

1 

pr. 

pr. 

0 

pr. 

0 

0 

pr. 

pr. 

0 

0 

0 

0 

1,101 


8 


2.447 


8 


2,668 


974 

86 

800 

2 

136 


4 

2 


0 

0 

74 


0 
0 
0 
0 
0 
0 
0 


1 

pr. 

0 
pr. 


1 
24604 


1,072 


September. 


7 
24687 


180 

117 

4 

40 

100 

14 

7 

6 

74 

68 

1 

1 

0 

0 

71 

14 

0 

0 

68 

18 

7 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

pr. 

pr. 

0 

0 

pr. 

P'« 

0 

0 

261 


8 


142 


18 
24689 


208 

128 

4 

34 

86 


8 
0 

58 

0 
40 
16 


0 
0 
28 
2 
0 
0 
0 


0 


pr. 


pr. 


816 
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METBOPOIilTAK  WATBB  BISTBICT. 

Microscopical  Examination  of  Water  from  Sudbury  Reservoir^  collected  near  the 

Surface —  Concladed. 

[Number  of  orgmnlnns  per  cable  eentiiiieter.] 


Month,  1888, 


Day  of  examioatloD,    . 
Number  of  aample, 


September. 


90 


«7 


2467624755 


PLANTS. 

DiatomacesB, 

Atterlooeila,  . 
Oyclotetia, 
Synedra, 
TkbeUerla»     . 

Oyanophyoeeo, 
AnabflBoa, 

BotryeocciM, . 
Protoooocas,  . 
Raphidlam,    . 


572 

478 

0 

17 

77 


t 

0 

«7 

0 

0 

15 


ANIMALS. 

Bblaopoda,    . 

Inftiaorla, 

Ciliated  Inf  OHorlao, 
Cryptomooae, 
DlDobryoD,    . 
PerldiDinm,    . 
Bynara,  .       .       . 
Uroglena, 
Vortlcella,      . 

Orustacea,     . 

Boem1na» 
Oyelope, . 
Daphnla, 


0 
0 
I 
0 
0 
0 
0 


pr. 


P'- 


MUeeUaneout^  Zooglcea, 


ToUl,     . 


411 

887 
16 
12 
21 


4 

0 


0 
0 

4 


0 
0 
0 

1 

0 
0 
0 


5 

124888 


pr. 


pr. 


October. 


8 


606     488 


11 
21088 


18 
26087 


25 
25128 


1,3111,172 


1,246 
10 

4 
52 


20 

0 

0 

14 


1,072 

6 

2 

80 


0 

0 

16 


802 

6 

6 

66 


8 
8 


0 
0 
2 


pr 


pr. 


0 
0 
0 
0 
0 
0 
0 


pr. 


pr. 


pr. 


pr. 


1,851  i  1,201 


166 

04 
0 
6 

64 


0 
0 


0 

0 

24 


0 
0 
0 
0 
0 
0 
0 


2M06  26261 25860 


pr. 
pr. 

^'6 


8 


405     202 


Norember. 


8 


15 


21 
25482 


156 

45 
80 
15 
56 


2 

0 

12 

0 

0 

12 


213 

802 

48 

186 

47 

57 

28 

16 

71 

88 

0 

1 

0 

0 

15 

15 

0 

0 

0 

0 

8 

8 

0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


175 


0 


0 
0 
0 
0 
0 
0 

1 


0 
0 
0 


0 
0 

1 

0 
0 
0 
0 


0 


pr. 


^'6 


8 


T  ~- 


287  .  828 


141 

85 

28 

7 

8 


0 
0 


0 
0 

4 


0 
0 
0 
0 
0 
0 
0 


December. 


0 
0 
0 


162 


116 

50 

21 

6 

6 


0 
0 


0 
0 
5 


6 

0 
0 
0 
0 
0 
0 
0 


pr. 


pr. 


8 


18 

18 

25580 

25600 

87 

88 

41 

2 

26 

26 

11 

1 

15 

4 

0 

0 

8 

0 

0 

8 

28 
21766 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 


pr. 


pr. 


pr. 


pr. 


0  ; 


It 


12 

1 

8 
6 


0 

0 


0 
0 

8 


0 
0 
8 
0 
1 
0 
0 


0 
0 
0 


123  I  115       43         46 
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METROPOLITAN  WATKB  DI8TBICT. 

Chemieai  Examination  of  Water  from  Sudbury  Seiervoir,  eotleeUd  tomtit  Midway 
between  Ihe  Surface  and  Bottom. 

[PirU  mr  100,000.] 


Odor,  (BBerkirf  aoot,  «culoi»]ty  f*lDtt;  Ttcetable.    A  i»g*tabl*  odar  «M  danlopHl  la  niMt  of 

tlw  auDplM  OD  hHtlnf. The  Hinplsi  vera  eo1]Mt*d  frooi  the  rxtnoir,  attt  tha  cMa-bonK,  M 

daplba  nottoi  trom  SI  to  K  f»t  beneaih  the  lurlica.    For  moDlbr]'  record  of  belgbc  of  waier  Id  thi* 
rasareolr,  hc  tabic  on  t»|a  ISO. 
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METROPOLITAN  WATEB  DISTRICT. 

Microscopical  Examination  of  Water  from  Sudbury  Seservoir,  collected  about 

Midway  between  the  Surface  and  Bottom, 

[Number  of  organisms  per  cable  oentlmeter.] 


Month,  1898,    .        .       . 

Jan. 

4 

Feb. 

2 

1 

•    March. 

1 

AprlL 

May. 

Jane. 

Day  of  examlDatioD,    . 

1 

9 

6 

12 

18 

S6 

8 

18 

17 

28 

1        7 

Namber  of  sample. 

21782 

22029 

22864 

22484 

22714 

22790 

22875 

22964 

28029 

28188 

28165 

28268 

,23880  23400 

PLANTS. 

1 

Dlstomaceeo,. 

286 

44 

8 

pr. 

88 

48 

178 

188 

178 

424 

284 

182 

84 

27 

Asterionella, . 
Oyclotella,      . 
Melosira, 
Svnedra, 
Tabellarla,     .       . 

286 
0 
0 
0 
0 

48 
0 
0 

1 
0 

2 
0 
0 
0 
0 

0 

0 
0 
0 
0 

18 

0 
0 

4 
14 

86 
0 
0 

IS 
0 

88 
0 
0 

82 

4 

74 

0 

0 

78 

18 

92 

0 

0 

68 

16 

178 

0 

0 

180 

56 

76 

0 

0 

144 

44 

21 

0 

0 

88 

21 

8 

0 

0 

09 

18 

18 
8 
0 

4 
0 

Oyanophyoeeo,     . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Algtbt  •      .      •      . 

90 

88 

2 

0 

0 

11 

18 

18 

0 

8 

4 

8 

6 

4 

Baphldlnm,    . 

90 

88 

2 

0 

0 

2 

8 

0 

0 

0 

0 

0 

0 

8 

ANIMALS. 

Bhlzopoda,     . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria, 

1 

0 

0 

0 

27 

88 

50 

80 

50 

88 

56 

46 

12 

1 

Cryptomonas, 
Dlnobryon,    . 

0 
0 

0 
0 

0 
0 

0 
0 

14 
8 

7 
19 

0 
44 

6 
47 

5 
44 

4 
50 

0 
52 

1 
44 

1 
10 

0 
0 

Vermes,   . 

1 

1 

0 

0 

0 

1 

1 

1 

0 

0 

2 

2 

8 

0 

Crustacea,     . 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cyclops,. 

0 

0 

15 
98 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

JiitceUantoutt  ZodgloM, 

10 

5 

10 

6 

8 

8 

5 

5 

5 

5 

5 

8 

8 

Total,   . 

888 

10 

10 

65 

105 

248 

248 

240 

600 

881 

188 

1 
108       86 
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MBTBOPOIilTAN  WATER  DISTRICT. 

Microscopical  ExamincUion  of  Water  from  Sudbury  Reservoir,  collected  about 

Midway  between  the  Surface  and  Bottom  —  Oontinaed. 

[Number  of  organiims  per  cable  centimeter.] 


Month,  1896, 

June. 

Jnly. 

Angnst. 

September. 

Day  of  examinattoDt 

14 

21 

29 

1 

12 

19 

26 

2 

9 

16 

28 

1 

7 

IS 

Number  of  sample. 

28618 

28611 

23710 

28776 

23846 

28908 

24029 

24128 

24184 

2429024382 

1 

24605 

24688 

24600 

PLAKTS. 

1 

Dlatomaceo,  . 

14 

88 

1 

286 

202 

406 

78! 

204 

254 

1,110 

436' 

1 

260 

102 

143 

Asterionella,    . 
Cyclotella, 
Melosira,  . 
Svnedra,  .       .       « 
•   TabeUaria,       . 

1 

12 
0 
1 
0 

• 

12 

70 

0 

2 

4 

96 

122  1 
0  ' 

1 
4 

118 

170 

0 

0 

2 

126 

68 

0 

0 

13 

814 

70 

0 

1 

21 

27 
40  . 

0 

0 
11 

0 
94 

0 
24 
84 

16 

168 

0 

14 

64 

6 

1,016 

0 

2 

86 

22  1 
300 

0 

0 
112 

60 

70 

0 

6 

124 

30 
6 
0 
0 

66 

90 

0 

0 

18 

40 

Cyanophyoeo, 

0 

0 

i 

0 

1 

0 

5 

1 

2 

0 

0 

0 

2' 

1 

2 

2 

Q 

xkJflTBD,    •        «        •        . 

1 

2 

2 

1 

8 

6 

1 

4 

0 

12 

•  «i 

35 

14 

47 

Raphldium,      . 

0 

0 

ai 

0 

0 

0 

0 

4 

0 

12 

2' 

1 

8 

0 

19 

ANIMALS. 

1 

1 

1 

Bhizopoda, 

0 

0 

0, 

0 

0 

0 

0 

0 

0 

2 

01 

0 

Q 

1 

InftiBorls, . 

1 

2 

1 

2 

10 

9 

13 

0 

0 

2 

«! 

2 

0 

6 

Cryptomooae, . 
Dtnobryon, 

0 
0 

0 
0 

0 
0 

0 
0 

0 
10 

0 
9 

0 
18 

0 
0 

0 
0 

0 
2 

0  1 

2 

1 

0 
0 

0 
0 

0 
2 

VerzneB,     . 

t 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 
1 

0 

0 

1 

CroBtaoea, 

0 

0 

o; 

0 

0 

pr. 

pr. 

0 

0 

0 

pr.  ' 

pr. 

pr. 

pr. 

Cyclops,  . 

0 

0 

«1 

1 

0 

0 

0 

0 

0 

0 

0 

pr. 

1 

pr. 

pr. 

pr. 

MUcelkmeout,  ZoSglosa, 

0 

0 

1 

3 

3 

5 

5 

3 

6 

6 

8 

8| 

3 

3 

8 

Total,     . 

18 

92 

280 

1 

292 

280 

427 

97 

218 

269 

1,136 

481 ; 

292 

121 

206 
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MSTBOPOL.ITA19^  WATER  DI8TBICT. 

Microscopical  ExamincUion  of  Water  from  Sudburt/ '  Beservoir^  collected  abotU 
Midway  between  the  Surface  and  Bottom — Concluded. 

[Number  of  organiamB  per  eabie  oentimeter.] 


Month,  1S98, 


•  September. 


I>a7  of  ezaminatloD, 
Number  of  aample, 


PLANTS. 
Diatomacees, 

Aeteriooella, 
G^cloteila, 
Meloeira,  . 
Bynedra,  . 
l^bellarla. 


Cyanophyceeo, 

J^X^B^f    ... 
Bapbidinm,     . 


ANIMALS. 
Bhlzopoda, 

InAiBoria, . 

CryptomonaB, . 
DioobryoD, 

Vermes,     . 

Crustacea, 
Oyclope,  • 


20 
24676 


27 

24766 


373 

810 
0 

20 
26 
16 


9 

7 


Jfi«ee/lan«ouc,  Zooglcea,  I    10 


318 

204 

2 

0 

5 

16 


20 

18 


October. 


November. 


11 


24809,24940 


18 


25 


26088  26180:25207 


!  360 

342 

0 

6 

2 

10 


8 


10 


TOTAI.,   . 


.'  808  I  860  |;  376  ;1,888 


1,340 

348 

1,252 

4 
16 

0 
64 

246 

4 

6 

12 

80 

0 

4 

40 

18 

14 

6 

8 
26268 


100 

46 
2 
6 
8 

88 


18 

16 


0 

1 
0 

1   0 

1 

0 

0 

6 

2 

1  2 

0 

2 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

pr. 

pr. 

0 

0 

0 

pr. 

pr. 

8 

0 
0 


pr. 
pr. 


0 
0 


1 

0 


10 


882  ;  136  I  180 


16 
26860 


21 
26488 


140 

126 

183 

66 

86 

104 

11 

30 

45 

0 

0 

0 

15 

15 

12 

58 

44 

20 

2 

0 

0 

13 

13 

26 

6 

6 

6 

0 
0 


0 
0 


0 
0 


pr. 
pr. 


10 


146  221 


98 

85 
28 
6 
18 
15 


6 
0 


0 
0 


0 
0 


2 
26611 


Deeember. 


13 

26690 


76 

88 
22 

6 
10 

6 


11 
6 


0 
0 


i   0 
0 


115   00 


19 


28 


26670:26767 


64 

24 

81 

17 
0 
8 

4 

10 
8 
0 
2 
0 

0 

0 

0 

2 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 


72   38 


18 

2 
6 
0 
2 
■  8 


0 

0 


0 
0 


0 

0 


8 
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Chemieal  Examiitalion  of  Water  from  Sudbury  Bettrvoir,  ccOtcUd  near  the 
Boltom. 

[ParUp«t  100,000.] 
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METBOPOLITAI?  WATER  DISTBICT. 

Microscopical  ExamincUion  of  Water  from  Sudbury  Reservoir^  coUecied  near  the 

BoU(im, 

[Number  of  organlems  per  cable  centimeter.] 


Month,  1896,     . 

Jan. 

Feb. 
2 

March. 

1 

April. 

May. 

Jane. 

Day  of  examination,    . 

4 

1 

9 

5 

12 

18 

"26 

3 

13 

17 

28 

1 

7 

Number  of  sample,      . 

21789 

V2Xm 

22365 

22485 

22715 

22701 

22876 

229«5 

230S0|23189 

83166 

28209 

28381 

28401 

PLANTS. 

Diatomaceed, 

858 

25 

t 

0 

65 

83 

244 

128 

156 

842 

218 

122 

86 

IS 

Atterionella,  • 
Cyclotella, 
Bynedra, 
Tabellaria,     . 

356 
0 
8 
0 

25 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

23 
0 
6 

37 

26 
0 

8 

4 

98 

4 

142 

0 

60 
2 

54 
12 

68 

0 

88 

60 

62 

0 

248 

40 

48 

0 

132 

38 

20 

0 

64 

29 

20 

8 

88 

28 

7 
0 
3 
3 

Cyanophycees,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Alfl^Gd,  .         •         •         • 

M 

84 

0 

0 

7 

0 

82 

0 

0 

0 

12 

1 

1 

2 

ANIMALS. 

Infusoria, 

0 

1 

0 

0 

23 

17 

52 

14 

89 

28 

88 

18 

4 

2 

Oryptomonas, 
Dlnobryon,    • 

0 
0 

0 
0 

0 
0 

0 
0 

16 
2 

6 
6 

0 
46 

0 
11 

4 
26 

2 

8 

0 
26 

1 
16 

0 

4 

0 

I 

Vermes,   . 

4 

1 

0 

0 

0 

2 

4 

1 

0 

0 

2 

1 

1 

1 

Crustacea,  Cyelopt, 

pr. 

0 
15 
75 

0 
5 

0 
12 

0 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

pr. 

MUcellaneouit  ZoOglcsa, 

15 

8 

8 

5 

7 

8 

5 

8 

5 

8 

3 

Total,    . 

401 

7 

12 

103 

1 

60 

387 

150 

198 

873 

268 

147 

04 

21 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


149 


METBOPOLITAK^  WATER  DISTRICT. 

Microscopical  Examinalion  of  Water  from  Sttdbury  Reservoir^  coUecled  near  the 

Bottom  —  Continued. 


[Number  of  organltms 

per  onbic  centimeter.] 

Month,  1888,      .       .       . 

June. 

July. 

August. 

September. 

Day  of  ezamlnatiOD,    . 

14 

21 

20 

1 

12 

10 

26 

2 

0 

16 

28 

1 

7 

IS 

Nomber  of  lample, 

28510 

28612 

28711 

28776 

23846 

28000 

24080 

24124124185 

24201 

24883 

24506 

24530 

24501 

PLANTS. 

1 

Diatomacee, 

6 

14 

87 

152 

271 

85 

63 

41 

48 

Ht 

100 

64 

88 

148 

Aaterlooella,  • 
CycloteUa, 
Byncdra, 
TabeUarla»     . 

• 

1 
1 
4 
0 

0 

10 

2 

1 

12 

68 

2 

6 

34 

118 

0 

0 

121 

148 

0 

2 

80 
84 

1 
10 

42 
6 
0 

16 

0 

8 

8 

26 

0 
28 

1 
24 

0 

110 

8 

24 

0 
80 

2 
18 

8 
10 
12 
82 

7 

8 

2 

27 

86 
0 
0 

47 

Cyanophyceee.    . 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

JLkffBdt .         •         .        • 

0 

0 

0 

1 

4 

0 

0 

0 

1 

0 

6 

6 

4 

18 

ANIMALS. 

InAisorlai 

0 

1 

1 

1 

1 

4 

1 

1 

0 

0 

0 

4 

5 

24 

Cryptomoiiaa, 
Dlnobryon,    . 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
8 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
22 

Vermes,   . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Crustacea.  Cyelops, 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

pr. 

JtUceltaneotu,  ZoSglcBa, 

3 

5 

5 

3 

8 

5 

8 

0 

5 

10 

12 

5 

5 

8 

Total,    . 

0 

20 

03 

168 

284 

04 

72 

48 

55 

152 

110 

70 

53 

106 

150 
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MBTBOFOIiTTAN  WATEB  DISTRICT. 

Micraseopieal  Examination  of  Water  fnym  Sudbury  Reservoir,  collected  near  the 

Bettom — Concladed. 


1 

^Namber  of  orsanlflma 

per  enbic  centimeter.] 

Month,  1808,   . 

September. 

October. 

November. 

December 

■ 

20 

27 

6 

11 

18 

26 

1 

8 

15 

21 

1 

2 

18 

19 

28 

Nnmber  of  Mmple, 

24677 

24757 

1 

24000 

24041 

25080  21181 

25206 

4IUM4 
XD3RM 

2588125484! 

1 

2561205601 

26871 

28768 

PLANTS. 

1 

DiatomacesB, . 

Mt 

420 

400 

444 

312 

174 

105 

2M 

188 

182 

78 

88 

M 

21 

Aaterionella, . 
Cydotella, 
Synedra,        •       • 
TabeUarla,     . 

810 

2 

24 

26 

882 

4 

8 

23 

456 

0 

16 

18 

302 

6 

8 

16 

250 

2 

16 

82 

78 

2 

14 

78 

68 
12 
22 
48 

08 
38 
SO 
00 

46 

38 
27 
46 

66 

82 

6 

24 

40 

20 

2 

10 

64 

14 

1 
12 

14 
10 

4 
6 

14 
0 
2 

4 

Cyanophycees,     . 

0 

1 
0 

2 

0 

4 

0 

1 

0 

0 

0 

0 

0 

AlfftB,  .... 

14 

T ; 

4 

4 

8 

26 

1      J 

1 

14 

12 

4 

4 

1 

1 

0 

ANIMALS. 

1 

Infusoria, 

9 

0 

0 

4 

6 

0 

1 

0 

1 

0 

0 

0 

Cryptomooaa, 
Dioobryoo,    • 

0 
8 

0 
0 

0 
0 

0 
2 

0 
6 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

Vermes,    . 

4 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

Crostaoea,  Cyolopa, 

pr. 

0 

0 

pr. 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

MUodlaneouMt  ZoSgkaa, 

to 

12 

15 

10 

IS 

5 

8 

10 

8 

7 

10 

7 

5 

Total,  . 

400 

439 

511 

462 

843 

207 

203 

270 

188 

148 

1 
00 

100 

42 

84 

Table  showing  Height  of  Water  in  Sudbury  Reservoir  on  the  First  Day  of  Each 

Month  in  1898. 

[Helghtt  are  in  feet  above  Boaton  dty  baae.] 


Datb. 

Sndbory  Reser- 
voir.   Crest 
of  Dam -«  299.00. 

j 

Dati. 

Sadbniy  Beser- 

voJr.    Crest 
of  Dam— 250.00. 

January  1, 

Febmary  1,     ....       . 

March  1 

April  1 

Mayl, 

Jane  1 

244.41 
248.22 
244.80 
256.54 
258.70 
250.05 

Jalyl 

Angoatl, 

September  1, 

October  1, 

November], 

December  1, 

257.74 
263.00 
240.32 
248.65 
247.88 
247.57 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  151 

METROPOLITAN  WATER  DISTRICT. 

C?iemiccU  Examination  of  Water  from  Stony  Brook,  at  Head  of  Framingkam  Res- 
ervoir No,  5,  SotUhborough. 

[Parte  p«r  100,000.] 




Residue  ok 

1 

c 
o 

Appkarakcb. 

EVAPOBA- 

Ammonia. 

NiTRUQEX 

1 

a 

TIOH. 

1 

AS 

s 

s 

le 
g 

• 

e 

Albuminoid. 

• 

1 

5 

o 

1 

1 

a 

e 

1 

1 

Loss  on 
Ignltio 

1 

1 

• 

1 
1 

.9 

■1  4> 

• 

1 

s 
1 

• 

s 

5 

i 

se; 

H 

« 

o 

H 

f 

Q     00      1 

}ii 

ua 

o 

X 

1S98. 

tifss 

Jan.  3 

Slight. 

V.BUght. 

.05 

11.86 

1.86 

.0070 

.0000 

.0066 

.0004 

.67 

.1360 

.0012 

.18 

6.0 

MXM 

Jan. SI 

-  Decided. 

CODB. 

.68 

7.60 

2.46 

.0086 

.0210 

.0204 

.0006 

.61 

.0380 

.0002 

.68 

3.0 

a2S74iFeb.28| 

i  Decided. 

Slight. 

.02 

6.00 

1.60 

.0116 

.0166 

.0160 

.0006 

.31 

.0850 

.0003 

.47 

2.1 

ttns 

Apr.  4 

V.  Blight. 

V.  slight. 

.40 

6.75 

2.10  • 

.0002 

.0118 

.0104 

.0014 

.42 

.0380 

.0008 

.87 

2.1 

S80S2 

May   2 

.  Slight. 

Slight. 

.87 

8.76 

1.16 

.0002 

.0122 

.0100 

.0022 

.24 

.0130 

.0002 

.32 

1.0 

388S7 

May  81 

V.  Blight. 

V.  Blight. 

.45 

4.36 

1.85 

.0028 

.0136 

.0118 

.0018 

.25 

.0060 

.0002 

.42 

1.3 

28770 

Jane80 

Slight. 

Slight. 

.28 

3.70 

1.26 

.0048 

.0130 

.0118 

.0012 

.22 

.0110 

.0002 

.38 

1.0 

24109 

Ang.  1 

Slight. 

Slight. 

.27 

4.06 

1.35 

.0056 

.0166 

.0144 

.0022 

.23 

.0180 

.0002 

.86 

1.8 

14ft02 

AogSl 

Slight. 

Slight. 

.20 

8.60 

1.30 

.0032 

.0164 

.0180 

.0024 

.23 

.0060 

.0002 

.80 

1.4 

24884 

OeU   8 

Slight. 

Cons. 

.40 

4.70 

1.75 

.0016 

.0202 

.0178 

.0024 

.24 

.0030 

.0001 

.64 

1.6 

2S211 

Oct.  81 

V.aUght. 

V.  Blight. 

.30 

4.85 

1.66 

.0014 

.0174 

.0150 

.0024 

.27 

.0050 

.0000 

.61 

1.8 

26521 

Dec  1 

Slight. 

Slight. 

.61 

.88 

5.60 

2.00 

.0068 
.0045 

.0198 
.0165 

.0188 
.0140 

.0010 
.0015 

.20 

.32 

.0160  .0002 
.0266.0003 

.66 

1.8 

At.. 

5.46 

1.68 

.42 

1.0 

Odor,  generally  faintly  vegetable,  becoming  stronger  on  heating. The  samplee  were  collected 

from  the  brook,  aboat  60  feet  below  the  first  road  above  Framlngham  Reeerroir  No.  8. 


Chemical  Examination  of  Water  from  Framingham  Reservoir  No.  5,  Framingham, 

[Parte  per  100,000.] 


Residue  on 

g 

Appbasavck. 

EVAPORA- 

Ammonia. 

NiTROOKN 

s 

1 

o 

TIOH. 

1 

AS 

• 
O 

1 

1 

1 

1 

Loss  on 
Ignition. 

• 

1 

Albuminoid.     | 

1 

1 

Si 
9^ 

• 

i 

1 

4l 

00 

1 

1899* 

21736 

Jan.  8 

Decided. 

Oont. 

.60 

5.76 

1.85 

.0024 

.0222 

.0220 

.0002 

.48 

.0180 

.0001 

.53 

2.5 

29087 

Jan. SI 

V.aUght. 
Decided. 

Slight. 

.60 

4.00 

1.90 

.0022 

.0252 

.0212 

.0040 

.44 

.0150 

.0000 

.56 

2.2 

22876 

Feb.  28 

Slight. 

.60 

5.90 

1.35 

.0086 

.0166 

.0164 

.0012 

.86 

.0320 

.0003 

.49 

2.2 

2»10 

Apr.  4 

SUght. 

Slight. 

.38 

I  4.70 

1.50 

.0010 

.0154 

.0120 

.0034 

.34 

.0350 

.0002 

.80 

SffWS 

May  2 

Slight. 

Blight. 

.40 

;  3.65 

1.15 

.0002- .0144 

.0114 

.0080 

.28 

.0130 

.0002 

.34 

28SS8 

May  81 

V.alisht. 
\  Decided. 

Slight. 

.45 

,  4.10 

1.05 

.0006 

.0148 

.0118 

.0030 

.24 

.0090 

.0002 

.87 

28ni 

JnneSO 

Slight. 

.26 

3.60 

1.20 

.0000 

.0158 

.0126 

.0032 

.21 

.0080 

.0004 

.84 

24110 

Aug.  1 

V.  alight. 

V.  Blight. 

.24 

3.70 

1.36 

.0002 

.0176:.016« 

.0024 

.10 

.0030  .0002 

.39 

24508 

AQg.Sl 

Blight 

Cone. 

.22 

3.86 

1.46 

.0010 

.0176 

.0142 

.0034 

.28 

.0020.0001 

.42 

24886 

Oct.   3 

Slight. 

Blight. 

.32 

4.76 

1.80 

.0002 

.0206 

.0182 

.0024 

.26 

.0010 

.0001 

.48 

25212 

Oct.  81 

V.sUght. 

v.  Blight. 

.33 

4.75 

1.75 

.0020 

.0186 

.0160 

.0026 

.25 

.0030 

.0000 

.64 

1.8 

25522 

Dec.  1 

SUght. 

Slight. 

.42 
.88 

4.80 

1.80 

.0032 
.0018 

.0196 

.018-2 

.0182 

.ni5T 

.0014 

.0025 

.29 
.29 

.0090 
.0116 

.0002 
.0002 

.64 

1.8 

Av.. 

i 

4.54 

1.56 

.45 

1 

1.6 

1** 

1 

1 

Odor,  generally  faintly  Tcgetable,  becoming  atronger  on  heating. The  Bamplea  were  collected 

from  the  reeerroir,  near  the  gate-house,  at  a  depth  of  8  feet  beneath  the  surface. 
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METBOPOMTAX  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Framingham  Beservoir  No.  3^ 

Framingham. 

[Number  of  orgaslsois  per  enUc  eeotimeter.] 


18»8. 

Jan.    Feb. 

■ 

afar. 

1 

Apr. 

!-^. 

1 
;  Jaae.,Jal7. 

p 

Aog-^Sept 

1 
<Oet, 

1 
iNoT.  Dee. 

Day  of  examlnatioD,  .... 

4i      * 

1 

5 

3 

1 

1 

1 ;     1 

•      4 

1  :     2 

Namber  of  niople,    .... 

2173ft'23037  22375  2271923083  23838 

23771 

24110  24508  24885  2521225582 

} 

PLANTS. 

1 

1 

■ 

1 

1 

> 

DiatomscesB,      .... 

1,2801  51t 

8 

488 

nt 

398 

1,588 

t48     1S7 

856 

188    1{7 

AeterloneUa.        .... 

Cydotella 

Meloelra, 

Synedra, 

TabeUaria. 

496!  104 

52]    72 

850|      0 

0     86 

356!  300 

4 
0 
0 
3 
0 

156 
2 

208 
60 
10 

68 

0 

0 

128 

64 

2 
4 

68 
808 

12 

!    20O 

1,384 

0 

1 

0 

238 
0 

4 
6 

30 

2 

0 

10 

•4 

287 

10 

0 

17 

40 

34     100 

18       41 

'      0         0 

•    15         8 

96       47 

Cyanopbycees.  .... 

0>      0 

0 

0 

0 

0 

0 

0 

« 

18 

0        0 

Anabaoa, 

0 

0 

0 

1      0 

0 

0 

0 

0  ;     0 

15 

0        0 

AlffBDt 

5t!    16 

t 

10 

It 

It 

8 

118  i    48 

58 

tS        Q 

Protococene,        .... 

56       0 

0 

0 

10 

0 

5 

116  <    88 

0 

0         0 

ANIMALS. 

1 

Inftisoria, 

S4|  146 

t 

n 

60 

8 

1 

16      to 

5 

t     t 

IMDobrroD, 

Peridlnlom, 

2ft  144 
4.       1 

0 
0 

46 

2 

48 

10 

8 
0 

0 
0 

14 

0 

19 

1 

4 
0 

1      1 

0         0 

Vermes, 

0      t 

0 

0 

0 

t 

t 

0 

0 

0 

0       0 

Cmstacea,  Cyelope,    . 

0    pr. 

• 

0 

0 

pr. 

0 

0 

pr. 

0 

0       0 

MUceilaneous,  Zoogloea.  . 

0 

si 

T 

10 

1 

7 

8 

0 

3  '     5 

5 

8!  < 

TOTAI. 

1.366{  681 

u 

520 

841 

428 

1,600 

385     907 

489  1  199  !  307 

Chemical  Examination  of  Water  from  Indian  Brook,  at  Head  of  Eopkinton 

Beservoir. 

[Parte  per  100,000.] 


E 

a 


i       ^ 


21727 
28025 


S8768 
28D2lt 
283211 
88762; 
24114! 
24492! 
S489l! 
25893' 
8&S13i 


Apfeakaxcb. 


Kesidcb  ok 

EVAPOKA- 
TIOK. 


AmiosaA. 


e 

Or 

S 
I 


Albamfnoid.     i 


>JlTBt>C.KN 
AS 

I 


o 


5 

o 


1    o  = 
I    -  * 


c 


^  I 


At. 


18»S.  " 
Jao.   3  : 
Jan.  3t  > 
Feb.  28 
Apr.  7' 
May  2 
May  31 
JoneSO  ' 
Ang.  1 . 
Aag^l 
Oei.    8  > 
NoT-15.' 
NoT.30  ' 


V.sUght. 

VaUgbU 

V.  alight. 

V.sUght. 

V.sUght. 

V.sUght. 

None. 

V.sHght. 

V.sUght. 

V.sUght. 

None. 

V.sUght. 


■V.  alight. 

V.sUght. 

V.sUght. 

V.sUght. 
I  Slight. 
(V.sUght. 
!  V.sUght. 
■  V.sUght. 

V.sUght. 
I V.  alight. 
I  V.sUght. 
i  V.sUght. 


,80 
45 

,44]- 

10: 

SO' 

50, 

00 

00. 

70 

,05;  > 

10; 
20 


ti 


6.50 
5.15 
3.70 
4.10 
8.95 
5.00 
7.80 
8.06 
7.00 
6.65 
5.60 
5.66 


3.25 
S.40 
1.60 
2.20 
1.80 
8.40 
4.70 
4.65 
4.10 
8.36 
2.85 
8.15 


» 


.0226] 

.QSOO' 

.0152 

.0138; 

.0210;, 

.0366. 

.0654' 

.0548. 

.0400 

.0818, 

.0232, 

.0210^. 

; 1 

1.511   5.81  ■  3.19    .0012  .0318  .0800  , 


I 

.0006:. 0248 
.0006.0200 
.0010  .0158 
.0010.0152 
.0004.0236 
.0018  .0370 
.0020.0602: 
.0026;.0664 
.0034.0478 
.0002.0348 
.0002.0288 
.0004.0222 


0022i.02 
0000^.48 
00061.28 
,0014'  .46 
0026!. 39 
,0014  .30 
0048  .27 
0016, .50 
0018  .48 
0030 '.56 
0006  .48 
0012,..5l 


.0060 
.0060 
.0070 
.0000 
I  .0000 
'.0080 
i.OOlO' 
..0020 
..0080 

ii.oooo' 

M.0020 
•  1.0070 


I ... j: 


OOOIi 

.oooo; 

.0001 
.0000 
.0000 

.0001 
.0002 
.0000 
.0000 

.oooo; 

.0000 
.0000 


c        = 


l.fT 
1.22 
0.82 
0.90 
1.02 
1.81 
2.30 
3.00 
1.94 
1.31 
1.44 
1.38 


2.6 
1.6 
1.1 
1.0 
1.0 
1.8 
1.6 
1.4 
1.2 
1.4 
1.0 
1.8 


i> 


0018  .44 

11 


.0082  .OOOOJ   1.44  !  1.4 


Odor,  generally  faintly  vegetable,  beooming  stronger  on  heating.— —The  samplea  were  eoUecied 
from  the  bro<A,  at  Its  entnnoe  to  HopUntoo  ReserT<^. 
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METROPOLITAN  WATER  DISTRICT, 

Chemical  ExamtncUion  of  Water  from  HopHnLon  Reservoir^  collected  near  the 

Surface, 

[PartB  per  100»000.] 


Date  of  Collection. 

Appeasumcb. 

Residuk  on 
Evapora- 
tion. 

Ammonia. 

• 

c 

1 

g 

.41 

.43 
.33 
.86 
.89 
.37 
.28 
.30 
.80 
.32 
.36 
.32 

.86 

Nitrogen 

AS 

a 

a 

•a 
c 

6 

e 

1 

o 

• 

s 
H 

e 

i 

•: 

o 

• 

§1 

3 

1 

Albamlnold. 

1 

• 

1 

■ 

1 

8 

a 

1 

1 

1 
si 

00 

• 

n 

s 

1 

21728 
S9026 
22366 
22ni 
23022 
23322 
23763 
M115 
24493 
84892 
25394 

25614 

1 

1 

ISM. 

Jan.  3 
Jan.  81 
Feb.  28 
Apr.  4 
May  2 
May  31 
JnneSO 
Aug.  1 
Aug.31 
Oct.    3 
Not.  16 ! 
Nov.80 
1 

1 

SUgbt. 
Blight. 
V.  Blight. 
V.  Blight, 
ly.  Blight. 
V.  Blight. 
V.  Blight. 
Slight. 
V.  Blight. 
V.  Blight. 
None. 
V.  Blight. 

Slight. 

BUght. 

V.  BUght. 

V.  BUght. 

BUght. 

SUgbt. 

Blight. 

CoDB. 

BUght. 
V.  BUght. 
V.  Blight. 
V.  Blight. 

.70 
.76 
.72 
.70 
.68 
.70 
.69 
.64 
.56 
.49 
.60 
.63 

-ft9 

4.26 

4.00 
3.80 
3.40 
3.60 
3.66 
3.70 
3.66 
3.85 
3.70 
3.96 
8.76 

1.76 
2.06 
1.60 
1.70 
1.60 
1.80 
1.70 
1.76 
1.86 
1.80 
1.96 
2.16 

.0030 
1.0024 
.0024 
.0014 
.0010 
.0020 
;.0006 
.0016 
.0018 
.0004 
.0008 
.0016 

.0016 

.0282 
.0204 
.0170 
.0168 
.0168 
.0208 
.0222 
.0244 
.0244 
.0204 
.0194 
.0190 

.0190 
.0200 
.0164 
.0162 
.0162 
.0172 
.0194 
.0206 
.0214 
.0186 
.0182 
.0178 

.0042 
.0004! 
.0006 
.0016 
.0006 
.0086 
.0028 
.0038 
.0030 
.0018, 
.0012 
.0012 

.0021 

1 

.0070 
.0040 
.0070 
.0050 
.0080 
.0020 
.0000 
.0010 
.0010 
.0000 
.0020 
.0040 

.0030 

.0000 
.0000 
.0001 
.0000 
.0000 
.0001 
.0001 
.0000 
.0001 
.0000 
.0000 
.0000 

.0000 

1 

.72 
.76 
.68 
.62 
.67 
.63 
.71 
.66 
.78 
.72 
.71 
.74 

1.6 
1.7 
1.0 
1.0 
1.0 
1.1 
1.0 
0.8 
0.8 
1.0 
0.8 
1.0 

At.t 

3.71 

1.80 

.0204  -Qifta 

.69 

1.1 

1. 



1 

Odor,  of  Noa.  24493  and  24892,  none;  of  No.  23322,  diBtlnctly  oily;  of  the  othera,  faintly  vegeUble 
and  aometimea  muaty. The  aamplea  were  ooUeeted  from  the  reaerroir,  near  the  dam. 

Microscopical  Examination  of  Water  from  Hophinton  Reservoir,  collected  near  the 

Surface, 

[Nnmber  of  organiama  per  cable  centimeter.] 


1808. 


Jan.  i  Feb. ,  Mar 


Apr. 


May. 


May. 


June. 


Aug. '  Aag. 


Oct. 


Nov. 


Dec. 


Day  of  examination, 
Nnmbor  of  aample, 


21728122026 


1 

22366 


6    3 
2271123022 


31  i   80 
23322  23763 


2 
24115 


81 


24493  24892 


16 
26394 


2 
26614 


PLANTS. 

Diatomace», 
Aaterlonella, 


Cyclotella, 
T^bellsrla, 


Oyanopbyceee, 

Olathrocyatia, 


426 

400 

9 

17 

1 
1 

8 


208 

187 

9 

11 

0 
0 


40 

36 
3 
1 

0 
0 


284 

268 

1 

13 

0 
0 


415 

844 
10 
61 

0 
0 


266 

34 

18 

180 

0 
0 

48 


m 

0 

672 

49 

4 

4 

3 


854 

406 

862 

96 

14 
14 


1,088 

n 

78 

1,008;    21 
76       1 

26 
16 

3       0 

SO 

0 

18 

8 

0 

10 

1 

0 

0 

4 

48 

26 

8 

13 

0 
0 


ANIMALS. 

Infusoria, 


Dlnobryon, 
UroffleDa^ 


Vermes,  . 

Crustacea, 

Oyelopa, 
D^phnla. 


0 
0 


pr. 


pr. 


0 
0 


0 

0 
0 


1 

0 
0 


0 
0 


0 
0 


pr. 
pr. 


17 

16 
0 

1 

0 

0 
0 


110 

96 
10 


0 
0 


13 

8 
0 


pr. 
pr. 


6 

0 
0 


0 

0 
0 


1 

0 
0 


0 
0 


0 

0 
0 


0 
0 


1 

0 
0 


0 
0 


MUeeUaneou;  Zo^gioea,   . 


3 


8 


8i     3 


3 


TOTXL, 


439     224 


43 


290  I  437 


429       742 


879 


1,096 


44 


90       62 
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MKTBOPOUTAN  WATEB  DISTRICT. 

Chemical  Examination  of  WaUr  from  Eopkinton  Reservoir,  collected  near  the 
Bottom. 

[Putap«rUa,000.1 


(^emieal  BxaminatioH  of  Water  from  Gold  Spring  Brooke  at  Head  of  AMand 

Reservoir. 
[Put*  p«r  100,000.) 
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MKTROPOL.ITAN  "WATBB  DISTRICT. 

Chemical  ExamincUion  of  Water  from  Ashland  Reservoir,  collected  near  the 

Surface, 

[Parte  per  100,000.] 


I 

a 


I 

3 
I 


S2870 


88080 


1898. 

21T5S<Jan.  4 
Jan. 81 
Feb.  88 
Apr.  4 
May  2 
May  81 
Jane  80 
Ang.  1 
Aog.81 
Oct.  8 
Oct.  81 
I>eo.  1 


88706 
84118 


84880 
SU37 
85617 


Av. 


AppsASASioa. 


& 


Blight. 
V.aligfat. 
V.aligbt. 
V.  alight. 
V.  alight. 
V.  alight. 
V.sUght. 
V.  Blight. 
V.  alight. 
V.  alight. 
V.tUght. 
V.tlight. 


Slight. 

Blight. 

V.ali^t. 

y.  alight. 

V.aligbt. 

V.aUght. 

Slight. 

V.sMgbt. 

V.aligbt. 

V.aUght. 

V.aligbt. 

V.aUght. 


0.85 
1.00 
0.72 
0.72 
0.77 
0.95 
0.06 
0.01 
0.00 
0.58 
0.05 
0.58 


0.72 


RaaiDnx  oh 

BVAPOBA- 
TIOH. 


.J 

I 


§1 


J 


4.15 
4.20 
8.80 
8.40 
3.66 
8.40 
4.10 
3.70 
3.76 
8.70 
3.46 
8.90 


8.70 


2.00 
2.20 
1.66 
1.75 
1.70 
1.45 
2.20 
1.86 
2.16 
1.75 
1.60 
2.05 


1.85 


AxKOirxA. 


Albuminoid. 


o 


o 
8 

s 


si 


.0010 
.0000 
.0004 
.0008 
.0004 
.0010 
.0004 
.0004 
.0006 
.0004 
.0010 
.0014 


.0008 


.0248 
.0222 
.0198 
.0188 
.0210 
.0232 
.0248 
.0238 
.0264 
.0216 
.0184 
.0210 


.0221 


.0280 
.0212 
.0188 
.0170 
.0190 
.0190 
.0280 
.0210 
.0240 
.0204 
.0108 
.0200 


.0205 


.0012 
.0010 
.0010 
.0012 
.0014 
.0038 
.0018 
.0028 
.0018 
.0012 
.0016 
.0010 


.0016 


NiTBOOBir 

1 

.40 

A8 

i 

1 

95 

1 

.0060 

.0000 

.88 

.0000 

.0000 

.38 

.0060 

.0000 

.30 

.0060 

.0000 

.31 

.0080 

.0000 

.82 

.0080 

.0001 

.25 

.0010 

.0000 

.27 

.0020 

.0000 

.26 

.0000 

.0000 

.25 

.0010 

.0000 

.25 

.0020 

.0000 

.27 

.0020 

.0002 

.20 

.0062 

.0000 

1 

a 
« 
a 
o 
a 

a 

g 

H 

o 


n 


.78 
.66 
.68 
.74 
.74 
.77 
.66 
.86 
.74 
.78 

,n 


.76 


1.8 
1.0 
1.8 
1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
1.3 
1.0 
0.8 


1.0 


Odor,  ganarally  faintly  yegetable. The  lamplea  were  ooUected  from  the  reaervolr,  near  the  gate- 

honae. 

Microscopical  Examination  of  Water  from  Ashland  Reservoir,  collected  near  the 

Surface, 

[Kamber  of  organiama  per  oubio  centimeter.] 


1898. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

May. 

Jane. 

Aog. 

Aug. 

Oct 

Not. 

Dee. 

Bay  of  •zamination, .... 
Number  of  aample»  .... 

5 
21763 

2 
22082 

1 
22870 

6 
28732 

8 

28026 

81 
23826 

80 
28766 

1 
24112 

81 
24496 

4 

24889 

2 
26227 

2 
25617 

PLANTS. 
Diatoxnaoees. 
Cydotella,    . 

Cyanophyceee,  . 

ANIMALS. 
BblsBopoda.   . 

InftiBoria. 
DlDObryon,  . 

Vermes,  . 
Cruetaoeaf  Cyelopa, 


m 

8 

4 

34 

78 

18 

805 

108 

33 

6 

84 

8 

1 

2 

1 

1 

11 

800 

86 

83 

8 

1 

0 

0 

0 

0 

0 

0 

4 

0 

8 

0 

0 

2 

46 

0 

0 

1 

8 

84 

8 

43 

10 

2 

48 

0 

0 
0 


0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

28 

8 

18 

74 

2 

0 

0 

7 

2 

2 

0 

22 

8 

17 

74 

2 

0 

0 

0 

0 

0 

8 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

pr. 

pr. 

0 

0 

pr. 

0 

0 

0 
0 

0 
0 

3 


Jii9ceUan€outt  Zooglcea,   . 


0 

8 

0 

0 

8 

0 

8 

8 

8 

8 

8 

130 

78 

12 

62 

151 

22 

830 

119 

94 

22 

81 

TOTAX, 


62 
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MBTBOPOLITAN  ■WATER  DISTRICT. 

ChemioU  ExamintUion  of   Water  from  Ashland  Reservoir,  eolUeted  near  the 


[Piru  par  100,000] 


§ 

ArpiAuici. 

BV.TO«*. 

AHMOHU. 

(1 

& 
1 

■ ! 

1 
1 

1 

1 

]' 

i 

i 

5 

5 

j 

i 

■s 

it 

1 

1 

U»».; 

1 

M 

.MU 

.26    LOOM 

-' 

■'" 

"■" 

At,. 

tt 

.«,. 

••» 

DIB- 

- 

.n 

n 





_ 

Odor,  geDerally  fslntlr  vaieUbls. Th>  umpl«  win  collsetsd  Irom  U»  nmtnoU 


Ohemical  Examination  of  Water  from  Sudbury  Biver,  ai  Bead  of  Framingham 

T  No.  2. 


P»rU  iwr  100,00 

»■] 

■5 

.„^,c. 

'bS"™.'   i             A-o«A. 

Minoou 

1 

J 

i 

^ 

.Lii- 

1 

J 

1 

1 

^ 

* 

i 

1 

1 

1 

§ 

iir.il 

2 

1 

i*^ 

ll 

s 

-°- 

k 

IMS 

Mi      1      '' 

,01s. 

.ooioil.r 

— 

11 

.n. 

,-r 

'  ^^^ 

.003 

JI.1 

,, 

. 

.. 

_ 

__ 

■I 



1 
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METROFOUTAX  WATEB  DISTRICT. 

Chemical  Examination  of  Water  from  Framingham  Reservoir  No,  2. 

[Parte  per  100,000.] 


1 

o 
1      £ 

Appkasavcb. 

1 

RP.8IDUE  ON 

EVAPOSA- 

TIOK. 

Ammokia. 

1 
i 

g 

0 

0 

.88 
.85 
.28 
.30 
.24 
.30 
.27 
.24 
.26 
.83 
.84 
.28 

.29 

NiTROOBN 
AS 

■ 

B 

9 
« 

§ 

a 

M 
0 

1 

■J 

1 

i 
a 

1 

• 

§ 

ft 

r 

1 

\     Albaminold. 

« 

1 

s 

.0180 
.0180 
.0050 
.0070 
.0050 
.0040 
.0020 
.0020 
.0030 
.0040 
.0020 
.0050 

.0054 

• 

1 

■c 

.0001 
.0000 
.0001 
.0000 
.0001 
.0001 
.0002 
.0000 
.0001 
.0000 
.0000 
.0001 

.0001 

■ 

H 

9 

5C 

• 

1 

• 

0 

OB 

i 

-I 

• 

8 
1 

22035 
22878 
32717 
33065 
S3886 
SS769 
S4108; 
445011 
34888 
35210. 
25620 

IMS. 

Jan.  8 
Jan.  81 
Feb. 28 
Apr.  4 
May  2 
May  81 
Jnneao 
Ang.  I 
Ang^l 
Oct.    8 
Oei.  81 
Dee.  1 

1 

V.aHght. 
V.  Blight. 
V.alight. 
V.allght. 
V.alight. 
V.allght. 
Slight. 
V.alight. 
Slight. 
V.allght. 
1  V.allght. 
V.alight. 

V.alight. 

Slight. 

V.allght. 

V.alight. 

V.allght. 

V.  Blight. 

Slight. 

None. 

Sttght. 

V.aUght. 

V.alight. 

V.alight. 

0.78 
0.70 
0.67i 
0.70| 
0.90 
1.04! 
0.82 
0.61 
1.701 
1.80 
0.96 
0.61> 

5.40 

4.00 

8.25 

8.85 

t  8.80 

1  4.00 

I  4.20 

4.85 

6.20 

6.25 

5.00 

,  8.85 

2.90 
1.75 
2.05 
.1.75 
1.56 
2.15 
2.20 
2.00 
8.90 
8.05 
2.15 
1.85 

.0008.0193 
.0002  .0152 
.0002  .0142 
.0002,. 0162 
.0002;. 0184 
.0020.0234 
.0030.0266 
.0002.0290 
.0100  .0424 
.0078  .0414 
.0016  .0240 

.0006  .0190 

1 

.0022 '0241 

.0176 
.0140 
.0184 
.0142 
.0170 
.0208 
.0242 
.0252 
.0888 
.0888 
.0226 
.0166 

.0320 

.0016 
.0012 
.0008 
.0020 
.0014 
.0026 
.0024 
.0088 
.0036 
.0026 
.0014 
.0024 

.0021 

1 

0.79 
0.71 
0.57 
0.66 
0.71 
0.81 
0.82 
0.72 
1.85 
1.60 
1.18 
0.82 

r 

1.6 
1.8 
0.8 
0.8 
0.8 
1.1 
1.1 
1.7 
1.8 
1.4 
1.0 
0.8 

1 
Av.. 

0.80 

1 

'4.47 

2.19 

1  0.06 

I 

1.1 

1 
1                  ■ 

Odor,  vegetable. -^  The  aamplea  were  eoUected  from  the  reaerroir,  near  |he  gate-honae,  at  a  depth 
of  8  feet  beneath  the  anrfaee. 


Microscopical  Examination  of  Water  firom  Framingham  Reservoir  No.  2, 

/         [Nnmber  of  organlama  per  enbio  centimeter.] 


18»8. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept 

Oct. 

Not. 

Dec. 

Day  of  examination, .... 
Knrnber  of  aample,    .... 

4 
21788 

2 
23085 

1 
32878 

5 
33717 

8 
28085 

1 
28886 

1 
28760 

1 
24108 

1 
24501 

4 
24688 

1 
25310 

3 
35530 

PLANTS. 

DUttomaceas,      .... 

Aaterlonella,        .... 
CyoloteUa, 

Cyanopliyoeie,  .... 

Alif» 

Protoeoeeust        .... 

4 

0 
0 

0 

0 
0 

M 

50 
3 

0 

0 
0 

5 

1 

1 

0 

0 
0 

36 

18 
1 

0 

0 
0 

58 

19 
0 

0 

3 
0 

70 

25 

4 

0 

1 
0. 

46 

8 
80 

1 

84 

20 

184 

0 
82 

6 

194 
193 

63 

18 
0 

0 

83 

82 

ir 

0 
0 

1 

9 

0 

18 

8 

1 

0 

0 
0 

13 

8 
0 

0 

0 
0 

ANIMALS. 
Infusoria, 

Vermes, 

Cmetacea 

6 

0 
0 

1 
0 
0 

0 
0 
0 

3 

0 
0 

3 

3 

0 

0 

1 

pr. 

8 

0 

pr. 

3 

0 
0 

3 

0 
0 

3 

0 
pr. 

1 

0 
0 

0 
0 
0 

JflteeOaneoaie,  ZoSgloaa,  . 

0 

s 

3 

8 

3 

« 

3 

s 

3 

3 

6 

8 

TOTAI., 

4 

70 

8 

31 

68 

77 

87 

841 

99 

83 

24 

16 
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MSTBOPOIilTAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Lake  Cochittiate  in  Wayland. 

[ParU  per  100,000.] 


s 

s 


a 
Si, 

I 

6 


21780 
22088 
22876 
22720 
28081 
28840 
28778 
24118 
24612 
24886 
26218 
26628 


1808. 

JaD.  8 

Jan. 31 
Feb.  28 
Apr.  4 
May  2 
May  81 
JaDe30 
Ang.  1 
Sept.  1 
Oct.  3 
Oct.  81 
Dec.  1 


At. 


Appbasavcb. 


S 

2 


a 
1 


S 


BHght. 
V.  alight. 
BHght. 
Slight. 
V.  Blight. 
V.  Blight. 
Slight. 
V.  Blight. 
V.  Blight. 
V.Blight.< 
V.  Blight. 
V.  Blight. 


ConB. 

CODB. 

Oona. 

BUght. 

Blight. 

V.  Blight. 

Blight. 

Blight. 

Blight. 

Blight. 

Slight. 

Blight. 


.28 
.88 
.48 
.82 
.88 
.42 
.29 
.22 
.10 
.19 
.20 
.80 


.30 


Rrbidub  ov 

EVAPOBA- 
TIOK. 


o 
H 


6.80 
6.10 
4.86 
6.06 
6.06 
4.90 
4.70 
4.76 
4.96 
4.86 
4.70 
4.90 


4.92 


c 
o 

§1 


1.00 
1.76 
1.60 
1.70 
1.66 
1.86 
1.86 
1.70 
2.16 
1.96 
1.66 
1.86 


1.79 


Amvohla. 


Albamlnold. 

i 

• 

•o 

V 

2 

s 

;.S 

E 

o 

CO 

So. 

Cm 

H 

o 

oc 

.0016 
.0028 
.0026 
.0010 
.0006 
.0014 
.0016 
.0010 
.0026 


.0198 
.0196 
.0192 
.0202 
.0190 
.0216 
.0208 
.0192 
.0200 


.0006.0202 


.0000 
.0082 


.0016 


.0168 
.0184 


.0203 


.0176 
.0178 
.0174 
.0162 
.0176 
.0166 
.0182 
.0174 
.0282 
.0164 
.0186 
.0102 


.0178 


.0022 
.0018 
.0018 
.0040 
.0014 
.0060 
.0026 
.0018 
.0068 
.0088 
.0082 
.0022 


.0080 


e 

I 

o 


.64 

.63 
.39 
.47 
.61 
.60 
.41 
.40 
.46 
.46 
.42 
.64 


.47 


NZTBOaXN 
▲8 


t 


.0060 
.0070 
.0100 
.0120 
.0110 
.0090 
.0060 
.0020 
.0020 
.0000 
.0060 
.0080 


>0066 


.0002 
.0001 
.0002 
.0000 
.0003 
.0002 
.0008 
.0002 
.0000 
.0000 
.0000 
.0002 


.0001 


1 


I 


.40 
.47 
.61 
.61 
.44 
.47 
.60 
.89 
.40 
.44 
.48 
.60 


.46 


t 

n 


2.7 
2.8 
2.1 
2.1 
2.0 
1.8 
2.1 
1.8 
1.7 
2.2 
2.0 
2.1 


2.1 


OdoFt  vegetable,  becoming  Btrooger  on  heating.— -The  Bamplea  were  collected  from  the gate-honee. 


Microscopical  Examination  of  Water  from  Lake  Cochiluate  in  Wayland, 

[Number  of  organiBmB  per  cable  centimeter.] 


1898. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Ang. 

Sept 

Oct 

Not. 

Dec 

Date  of  examination. 

Number  of  Bample 

4 

21789 

2 
22088 

1 
22876 

6 

22720 

3 
28081 

1 
23340 

1 
28n8 

2 
24118 

2 
24612 

4 
24886 

1 
26218 

2 
2662^ 

PLANTS. 

Diatomacees, 

Aaterionella, 
Cyelotella,    . 
Meloelra,      • 
Bynedra. 
Tabellaria,   . 

Cyanophycees,  . 

Anabnna,     . 

Aphanizomenon, 

ClathrocyBtlB, 

Als»t 


4 

i,r28 

68 

650 

m 

850 

88 

48 

16 

74 

4t9 

0 
0 
0 

4 
0 

686 

86 

700 

0 

166 

8 
8 
48 
2 
2 

288 

84 

272 

0 

4 

68 
0 
0 

86 
8 

8 

604 

16 

12 

174 

0 

24 

0 

0 
14 

8 
4 
0 
10 
0 

0 
6 
0 
0 
0 

16 
0 
8 
8 
6 

308 

0 

61 

14 

61 

100 

•« 

0 

0 

0 

0 

S9 

19 

67 

t\ 

26 

0 

100 

0 

0 

20 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

22 
0 
6 

14 
0 
8 

66 

0 

12 

20 
0 
1 

0 

26 

1 

4 

t 

0 

8 

t 

4 

55 

8 

18 

I 

8 

78» 

661 

4 

64 

0 


80 

0 

90 

0 


0 
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METROPOLITAN  WATBB  DISTRICT. 

Miscroscopical  Examination  of  Water  from  Lake  Cochituale  in  Way  land — 

Concluded. 

[Number  of  organluns  per  cubic  eeotlmeter.] 


189S. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept 


Oct. 


Nov. 


Dec. 


ANIMALS. 
Rliizopoda,    . 

InftiBoria. 

IMnobrjon,  . 
Synara, 

Vermes,  . 
Crustacea,  Cyclops, 


0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5t 

It 

66 

6 

62 

1 

2 

1 

8 

8 

0 

6 

6 

26 

2 

62 

0 

0 

0 

0 

6 

0 

40 

80 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

pp. 

0 

pr. 

0 

0 

pr. 

0 

0 

pr. 

0 

6 

2 
2 


MUc€Uaneouit  ZoSgloea,  . 

5 

5 

3 

10 

10 

0 

3 

8 

8 

8 

5 

5 

TOTAJL, 

113 

1,809 

78 

684 

170 

016 

126 

75     100 

103 

472 

807 

Chemical  Examination  oj  Water  from  the  Terminal  Chamber  of  the  Sudbury 

Aqueduct  at  Chestnut  Hill  Reservoir, 

[ParU  per  100,000.] 


1 

s 

"s 

-s 

AprxAmASCB. 

Xksidub  om 

EVAPOBA- 
TIOB. 

1 

Akkoioa. 

9 

1 

S 

1 

NlTBOOBK 
AS 

1 

a 

1 

• 

1 

a 
«> 

a 

1 

• 

1 

■ 

fi 

r 

• 

1 

Albnmlnoid. 

i 

• 

9B 

• 

1 

■ 

1 

1 

1 

o  a 
CO 

• 

i 

SS706J  Apr.  4 

y.  alight. 

y.  slight. 

.70 

3.65 

1.66 

.0014 

.0182 

.0160 

.0022 

.0090 

.0000 

.50 

1.1 

28088  May   2 

V.  alight. 

Blight. 

.40 

4.25 

1.25 

.0002 

.0122 

.0092 

.0080 

.24 

.0120 

.0002 

.85 

1.1 

28846jHay81 

Blight. 

Blight. 

.40 

4.10 

1.75 

.0014 

.0140 

.0114 

.0026 

.25 

.0100 

.0002 

.48 

1.3 

2878S|Jnly  1 

SUght. 

Blight. 

.80 

8.00 

1.65 

.0020 

.0156 

.0122 

.0084 

.26 

.0110 

.0001 

.86 

1.8 

24104 

Aug.  1 

Blight. 

Blight. 

.28 

4.20 

1.65 

.0080 

.0170 

.0126 

.0044i 

1 

.22 

.0040 

.0002 

.34 

1.8 

24A17 

Aagia 

V.  alight. 

y.aMght. 

.20 

4.00 

1.40 

.0032 

.0182 

.0160 

.0082 

.20 

.0040 

.0001 

.38 

1.3 

24088 

Oct.   6 

Blight. 

Slight. 

.83 

4.60 

1.75 

.0022 

.0204 

.0174 

.0080 

.29 

.0020 

.0002 

.60 

1.8 

3ft2M 

Nov.  2 

y.  alight. 

y.  alight. 

.41 

4.25 

2.25 

.0014 

.0172 

.01501.0022  .J6 

1          i 

.0070 

.0000 

.51 

1.6 

28667 

iDae.  6 

y.  alight. 

y.  alight. 

.41 

5.25 

1.75 

.0020 
.0019 

.0128 
.0162 

.0104 
.0188 

.0024 
.0029 

.28 

.0140 
.0081 

.0000 
.0001 

.51 

1.8 

A« 

.88 

4.24 

1.68 

.44 

1.4 

I 

Odor,  geoerally  falDtly  vegetable. 
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MBTBOPOLITAN  WATER  DISTRICT. 

Chemical  Examinatum  of  WcUer  from  Spot  Pond,  Stoneham. 

[Parts  per  100,000.] 


Date  of  Collection. 

Appbarjlnob. 

Rbsidcb  oh 
Evapora- 
tion. 

AMaiOMIA. 

• 

c 
r 

6 

NrAtOGBN  , 
AS 

Oxygen  Consumed. 

Turbidity. 

a 
« 

a 

.  1 

a 

■ 

1 

Loason 
Ignition. 

• 

Albuminoid. 

1 

SB 

Nitrites. 

1 

.4 

1 
1 

■ 

-•s 

a  o. 
eo 

i 

c 

18f»8. 

1 

21760 

Jan.   4 

Slight. 

Slight. 

.40 

6.00 

2.10 

.0050 

.0284 

.0262 

.0022 

.68 

.0060 

.0001 

.62 

2.9 

22087 

Feb.  7 

Slight. 

V.sUght. 

.48 

6.45 

1.60 

.0040 

.0198 

.0188 

.0010 

.61 

.0070 

.0001 

.49 

2.1 

22844 

Feb.  24 

Slight. 

Slight. 

.60 

5.06 

1.75 

.0068 

.0168 

.0164 

.0004 

.64 

.0100 

.0000 

.63 

2.0 

22707 

Apr.  4 

V.  Blight. 

V.  slight. 

.45 

4.65 

1.80 

.0022 

.0214 

.0184 

.0030 

.46 

.0050 

.0001 

.50 

1.8 

28019 

May   2 

Slight. 

Slight. 

.50 

4.50 

1.50 

.0010 

.0226 

.0194 

.0082 

.46 

.0060 

.0001 

.50 

1.7 

23347 

June  1 

Slight. 

Slight. 

.67 

4.55 

1.76 

.0068 

.0224 

.0162 

.0062 

.46 

.0040 

.0002 

.63 

1.8 

28761 

June30 

Slight. 

Slight. 

.45 

4.90 

1.60 

.0102 

.0216 

.0194 

.0022 

.50 

.0010 

.0002 

.64 

1.7 

24117 

Aug.  1 

Decided. 

Oons. 

.68 

5.10 

1.95 

.0142  .0240 

.0210 

.0030 

.40 

.0020  .0002 

.47 

1.7 

24499 

Aug.81 

Decided. 

Cons. 

.40 

4.65 

1.95 

.0006 

.0280 

.0280 

.0050 

.87 

.0000 

.0000 

.68 

1.6 

24881 

Oct.    3 

Decided. 

Oons. 

.89 

6.10 

1.90 

.0030 

.0266 

.0246 

.0020 

.36 

.0000 

.0000! 

.61 

1.8 

25205 

Oct.  81 

Decided. 

Slight. 

.81 

4.60 

2.00 

.0014 

.0288 

.0206 

.0082 

.37 

.0010 

.oooo; 

.64 

1.8 

26508 

Dec.  1 

Slight. 

Slight. 

.40 
.46 

4.86 

2.25 

.0014 
.0046 

.0264 
.0239 

.0226 
.0205 

.0038 
.0034 

.37 
.46 

.0020 
.0028 

.0000 
.0001 

1 

.57 

1.8 

Av. . 

1 
4.96 

1.85 

.62 

1.9 

Odor,  generally  faintly  vegetable,  and  occasionally  musty  and  disagreeable,  becoming  stronger  on 

heating. The  first  two  samples  were  collected  from  the  pond;  the  others,  from  a  tap  in  the  Mdroae 

pumping  station. 


Chemical  ExamincUion  of  WcUer  from  a  Faucet  at  the  Stale  House,  Boston, 

[Parts  per  100,000.] 


1 
1 

1 

Appbaxaxcb. 

KaSIDDK  ON 
EVAPOKA- 

noK. 

AmCOHIA. 

i 

.44 

.48 
.26 
.80 
.24 
.28 
.26 
.22 
.28 
.81 
.29 
.29 

.29 

NlTSOOBM 
AS 

« 

■z 

1 

e 

o 

6 

1 

a 

• 

1 

1 

81 

1 

Albuminoid. 

• 

1 

1 

* 

1 

1 
1 

• 

1 

CO 

1 

21744 
22089 
22377 
22708 
23051 
28828 
23760 
24103 
24490 
24879 
26204 
25609 

1S9S. 

Jan.  4 
Feb.  1 
Mar.  1 
Apr.  4 
May  4 
June  1 
June  80 
Aug.  1 
Aog.81 
OcU    3 
Oct.  81 
Dec.  1 

V.sUght. 

Slight. 

Slight. 

V.  slight. 

V.sUght. 

V.sUght. 

V.sUght 

SUght. 

V.sUght. 

Slight. 

Slight. 

Blight. 

SUght. 

Slight. 

SUght. 

V.sUght. 

Slight. 

V.sUght. 

Slight. 

Slight. 

V.sUght. 

Slight. 

Btight. 

Slight. 

.61 
.60 
.60 
.68 
.40 
.40 
.80 
.26 
.22 
.24 
.80 
.85 

4.76 
4.50 
8.80 
3.80 
3.70 
8.86 
4.15 
4.80 
8.75 
4.46 
4.90 
4.85 

2.10 
1.70 
1.86 
1.76 
1.66 
1.40 
1.06 
1.80 
1.46 
1.50 
1.00 
2.20 

.0010 
.0014 
.0024 
.0016 
.0010 
.0006 
.0004 
.0002 
.0002 
.0002 
.0000 
.0010 

.0008 

.0204 
.0164 
.0134 
.0178 
.0102 
.0122 
.0134 
.0134 
.0166 
.0188 
.0152 
.0146 

.0152 

.0172 
.0162 
.0128 
.0162 
.0090 
.0094 
.0130 
.0124 
.0186 
.0174 
.0160 
.0126 

.0186 

.0082 
.0012 
.0006 
.0026 
.0012 
.0028 
.0004 
.0010 
.0080 
.0014 
.0002 
.0020 

.0016 

.0110 
.0160 
.0130 
.0070 
.0180 
.0190 
.0180 
.0080 
.0040 
.0040 
.0080 
.0070 

.0001' 
.0000 
.0000' 
.0000! 

.oooo! 

.0000 
.0002 
.0001 
.0001 
.0001 
.0000 
.0001 

.0001 

.58 
.61 
.47 
.67 
.82 
.86 
.84 
.31 
.88 
.41 
.48 
.46 

2A 
1.8 
1.1 
0.8 
1.1 
1.4 
1.8 
1.8 
1.4 
1.6 
1.7 
1.8 

Av.. 

.41 

4.19 

1.60 

.0007 

.44 

1.4 

• 

Odor  of  the  first  six  samples,  generally  vegetable;  of  the  last  six  samplea,  none,  becoming  faintly 
vegetable  on  heating. 
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abinoton  and  bockiiakd. 

Water  Supply  op  Abington  and  Rockland. 

The  source  of  supply  is  Big  Sandy  Pond  in  Pembroke,  a  natural 
pond  having  an  area  of  111  acres.  The  general  depth  of  the  pond 
is  about  15  feet,  its  maximum  depth  20  feet,  and  the  bottom  is  said 
to  contain  very  little  organic  matter.  Its  drainage  area,  including 
the  area  of  the  pond  and  of  Little  Sandy  Pond,  which  is  within 
this  water-shed,  is  1.15  square  miles,  and  this  area,  which  is  largely 
covered  with  wood,  is  estimated  to  contain  a  permanent  population 
of  about  50  per  square  mile.  There  are  a  large  number  of  cottages 
on  the  shores  of  the  ponds  which  are  occupied  during  the  summer 
months. 

Chemical  Examinalion  of  Water  from  Big  Sandy  Pond^  Pembroke. 

[Pftrti  per  100,000.] 


a 

6 
1 

AmAIAVOB. 

KlSIDUl  ON 

EVAPOBA- 

TIOK. 

Ammohia. 

i 

1 

.72 

Nxnoosv 

AB 

1 

o 

1 

«i 

0JI 

ignition. 

1 

Albuminoid. 

s 

S 

o 

1 

• 

1 

sl 

00 

1 

21818 

10M 

Jiin. 

10 

BWghU 

Slight. 

.10 

8.80 

1.40 

.0014 

.0240 

.0184 

.0050 

.0000 

.0000 

.28 

0.6 

»0M 

Feb. 

Slight. 

Slight. 

.11 

8.85 

1.50 

.0084 

.0210 

.0170 

.0040 

.78 

.0020 

.0000 

.24 

0.8 

28000 

Uaj 

V.elight. 

V.elight. 

.10 

8.00 

1.20 

.0008  .0150 

.0140 

.0010 

.70 

.0080 

.0000 

.26 

0.5 

24IT0 

Aug. 

V.ellght. 

V.iUght. 

.17 

8.20 

1.85 

.0000  .0170 

.0150 

.0014 

.64 

.0010 

.0000 

.22 

0.8 

2531S 

Not. 

V.elight. 

V.elight 

.21 

8.25 

1.85 

.0000  .0102 

.0154 

.OOOM 

.64 

.0010 

.0000 

.80 

0.6 

2U78 

Dee. 

Slight. 

V.iHght 

.20 

8.06 

1.20 

.0004 
.0011 

.0128 
.0170 

.0100 
.0151 

.0020 
.0025 

.61 
.67 

.0000 
.0012 

.0000 

.0000 

.84 

.26 

0.8 

Av. .. 

.10 

8.10 

1.88 

0.6 

Odor,  felntly  Yegeteble  or  none.  — The  aemplce  were  oolleoted  from  e  fenoet  in  the  pnmping 
eutlen. 


ACTON. 

The  advice  of  the  State  Board  of  Health  to  Freeman  W.  Bobbins 
of  Acton,  relative  to  the  use  of  the  water  of  an  artificial  pond  in 
Concord  as  a  source  of  ice  supply,  may  be  found  on  pages  123  and 
124  of  this  volume.  The  results  of  the  analysis  of  a  sample  of 
water  collected  from  the  pond  are  given  under  Concord,  on  page  188 
of  this  report. 
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ADAMS. 

Water  Supply  of  Adams  Fire  District,  Adams. 

The  principal  sources  of  supply  are  two  mountain  streams  known 
as  Bassett  and  Dry  brooks,  but  water  is  also  sometimes  supplied 
from  a  well  owned  by  a  private  corporation  in  the  village,  and  other 
wells  located  in  the  valley  of  the  Hoosac  River  below  the  village 
have  been  used  at  times  in  previous  years.  The  Bassett  Brook 
w^ater-shed,  which  has  an  area  of  2.6  square  miles,  is  an  unin- 
habited mountain  side.  The  water-shed  of  Dry  Brook  has  an  area 
of  7.8  square  miles,  and  contains  a  small  population.  The  water- 
shed is  mountainous,  but  there  is  a  small  area  of  nearly  level 
swampy  land  near  the  head  waters  of  the  brook. 


Chemical  Examination  of  Water  from  Bassett  Brook  Reservoir^  Adams, 

[PftrU  per  100,000.] 


I 


s 

m 


S1928 
28310 
24000 
24887 
24751 
288M 


Av. 


1898. 

Jan.  21 
May  20 
July  27 
Aug.  22 
Sept.  23 
Not.  12 


Appsakahob. 


^ 

^ 


i 


o 
o 


Blight. 

Noue. 

V.  alight. 

NoDe. 

None. 

V.allght. 


Oona. 

V.allght. 

Blight. 

V.allght. 

v.allght. 

None. 


.07 
.14 
.05 
.10 
.08 
.12 

.00 


KKHiDna  OH 

£VAl*ORA- 

TION. 

• 

a 

** 

Sb 

• 

oS 

S 

5" 

o 

e 

H 

•iS 

2.40 

0.85 

2.75 

1.10 

5.10 

1.80 

3.75 

1.05 

4.75 

1.05 

2.65 

1.00 

8.56 

1.06 

AXMOIILL. 


Albamlnoid. 

• 

■^ 

« 

i 

"O 

i 

H 

1 

1^ 

00 

.D002 
.0008 
.0014 
.0004 
.0004 
.0004 


.0084 
.0068 
.0058 
.0050 
.0026 
.0046 


.0006.0060 


.0040 
.0048 
.0044 
.0046 
.0022 
.0040 


.0040 


S  & 


.0024 
.0008 
.0012 
.0004 
.0004 
.0006 


.0010 


NiTBOOBK 

. 

AB 

i 

i 

s. 

t 

s 

e 

.08 

wa 

is 

X 

.0160  .0000 

.08 

.0090.0000 

.04 

1.0140"  0000 

.07 

'.0070.0002 

.06 

'.Olio 

.0000 

.07 
.07 

i.0280 

.0000 
.0000 

|.0140 

1 


e 

s 

e 


i 


.17 
.22 
.14 
.18 
.06 
.20 


.16 


1.7 
1.0 
8.1 
2.3 
3.1 
1.0 

2.0 


Odor,  Done. No.  24887  waa  collected  from  the  reaervolr;  the  othera,  from  a  fancet  anpplled  wlih 

water  from  the  reaervolr. 

Chemical  Examination  ofWcUerfrom  Dry  Brook  Reservoir  in  Adams  and  Cheshire, 

[ParU  per  100,000.] 


1 

UaaiDUB  OM 

1     • 

• 

ArPSASAVCI. 

EVAPOBA- 

AXMOVIA. 

NrnooKK 

'  15 

1 

TICK. 

i 
S 

s 

A8 

1  a 

a 
• 

B 

i 

«i 

2 

a 

•a 

1 

1* 

Albuminoid. 

i 

1 

1 

H 

• 

1 

• 

1^ 

1 

1898. 

■ni — 

81027 

Jan.  21 

Slight. 

Cooa. 

.28 

4.05 

1.20 

.0002 

.0142 

.0066 

.0076 

.08 

.0120 

.0000 

.27 

2.7 

22474 

Mar.    7 

None. 

None. 

.08 

3.50 

0.75 

.0002 

.0024 

.0022 

.0002 

.06 

.0180 

.0000 

.14 

2.6 

23317 

May  26 

Slight. 

V.allght. 

.53 

5.80 

1.75 

.0010 

.0114 

.0106 

.0006 

.06 

.0170 

.0000 

.64 

3.0 

24068 

July  27 

Slight. 

V.allght. 

.30 

8.70 

2.66 

.0002 

.0136 

.0124 

.0012 

.07 

.0060 

.0000 

.42 

4.6 

24386 

Aag.  22 

V.allght. 

V.  ■light. 

.40 

8.16 

2.40 

.0004 

.0182 

.0128 

.0004 

.06 

.0020 

.0000 

.54 

6.0 

24750 

Sept.  28 

V.allght. 

Slight. 

.17 

10.76 

2.86 

.0004 

.0102 

.0002 

.0010 

.14 

.0010 

.0001 

.24 

7.0 

26857 

Nov.  12 

V.allght. 

V.allght. 

.51 
.81 

4.75 

2.00 

.0010 
.0006 

.0180 
.0111 

.0110 
.0003 

.0020 
.0018' 

.08 
.08 

.0070 
.0083 

.0000 

.oooo' 

.74 

2.8 

Av.  •  • 

6.58 

1.87 

.41 

4.0 

Odor,  Done,  becoming  falntlv  vegetable  or  mnaty  on  heating. Noa.  84368  and  84760  were  eoUectad 

from  the  reaervolr;  the  othera,  from  a  fauoet  anppUed  with  water  from  the  reaervolr. 
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ADAMS. 

ChemiciU  Examination  of  Water  from  the  Well  of  the  Benfrew  Manufacturing 

Company,  Adams. 

[Parts  per  100,000.] 


• 

s 

ArPKABAXCB. 

o 

AUMOHIA. 

Nitrogen 

i 

if 
8 

AS 

a 

s 

■ 

Pi 

^5 

1 

• 

«i 

i 

o 

1 

1 

1 

1 

J»5 

i 
1 

Oxygen 
Com 

• 

i 
1 

• 

1.^ 

18»S. 

34071 

July  27 

None. 

V.ilight. 

.02 

16.80 

.0000 

.0020 

.09 

.0880 

.0001 

1 

.08 

12.0 

.0010 

Odor,  none. The  Renfrew  well  la  ased  aa  a  aupplementary  aouroe  of  aupply  at  tlmea,  when  the 

yield  of  the  other  aooreea  ia  Inauflnclent  for  the  supply  of  the  fire  diatriet,  or  when  the  other  aourcea  are 
•hot  off  for  any  eauae.    Daring  1898  thla  well  waa  aaed  for  only  a  day  and  a  half. 


Agawam. 

The  advice  of  the  State  Board  of  Health  to  George  D.  Cooley, 
with  reference  to  the  use  of  a  certain  spring  as  a  source  of  water 
supply  for  a  portion  of  the  village  of  Mittineague  in  Agawam, 
may  be  found  on  pages  4  and  5  of  this  volume.  The  results  of  the 
chemical  analysis  of  a  sample  of  water  collected  from  the  spring  are 
as  follows :  — 


CkemiccU  Examinalum  of  Waier  from  a  Spring  in  the  Village  of  Mittineague^ 

Agawam, 

[ParU  per  100,000.] 


I 

s 
?5 


o 


2i04S 


Oct.  17 


APPBAIU5C8. 


if 


a 
1 


5 

a 


None. 


V.aUght. 


.01 


c 
o 


I 


5.10 


AXMOVIA. 


i 

si 


^ 


NXTROOKX 

AS 

• 

1 

1 

9< 

'A 

■s 


o 


e 
o 


.0004 


.0020 


.19 


.0200 


.0000 


.00 


2 


2.0 


.0080 


Odor,  noae. The  sample  waa  collected  from  a  spring,  on  land  owned  by  George  D.  Cooley.    The 

•prlng  Is  altaated  about  300  feet  south  of  ^oore  Street. 
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Watbb  Supply  of  Amesburt. — Powow  Hill  Watbb  CJompant. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Powow  HiU  Water  Company 

in  Amesbury. 

[Pftrtt  per  100.000.] 


I 

I 


2408B 
24069 


I 
5§ 


1898. 

Sept.  17 

Sept.  10 


APPEAILIVCB. 


8 


i 


i 


IS 


V.iUght. 

Dlatinet, 
mUky. 


V.  ■light. 
None. 


.01 
.14 


20.70 
8.M> 


Akmokia. 


i 

I' 


.0082 
.0004 


.0022 
.0010 


4 


1.14 
0.80 


XZTBOOBV 
A8 


g 


a 


.0000 

.0660 


.0000 

.0001 


.06 
.04 


10.8 
8.6 


.0000 
.0460 


Odor,  none.  ^— The  flnt  sample  wee  ooUeoted  from  the  tubular  welle  near  Market  Street;  the  taet* 
from  the  tubular  wella  eupplyiog  the  open  baelne  near  Main  Street. 


Water  Supply  of  Amherst. — Amherst  Water  Company. 

Chemical  Examination  of  Water  from  the  Amethyst  Brook  Seservoir  of  the 

Amherst  Water  Company, 

[ParU  per  100,000.] 


>4 

§ 


a 

I 


28724 
24048 
24487 
24776 


1888. 

June  27 

July  26 
Aug.  80 
Sept.  26 


ArFEAMAXOt. 


€ 

e 


i 


I 


V.  alight. 
Decided. 
V.  alight. 
Slight. 


V.eUght. 
Cone. 
V.eUght. 
Slight. 


.48 
.21 
.68 
.67 


Av. 


.46 


Rbsidub  ok 

£VAPOBA- 
TIOM. 


I 


8.60 
8.86 

4.00 
4.80 


8.01 


§6 


1.40 
1.86 
2.10 

1.80 


1.70 


AXMOBIA. 


I 


.0006 

.0000 
.0006 
.0010 


.0020 


Albomfnold. 


.0166 
.0282 
.0200 
.0174 


.0101 


•2 


.0182 
.0184 
.0104 
.0166 


.0167 


.0026 
.0006 
.0006 
.0006 


.0084 


.18 
.10 
.10 
.12 


.11 


KlTBOOBI 

▲a 


I 


0070.0000 


.0020 
.0080 
.0060 


.0040 


.0001 
.0001 
.0002 


.0000 


a 

I 


8 


.44] 
.27 
.86 
.80 


<(.6 
0.6 
0.8 
0.8 


0.7 


Odor,  faintly  Tegetable  or  none.    A  diatlnetly  flthy  odor  waa  developed  in  the  July  aample  on 
heating. 


Water  Supply  op  Akdover. 

The  source  of  supply  is  Haggett's  Pond  in  Andover,  which  has 
an  area  of  about  200  acres,  and  a  drainage  area,  including  the  area 
of  the  pondy  of  about  2.7  square  miles.     The  drainage  area  contains 
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AKBOTEB. 

a  population  of  aboat  40  per  square  miley  and  the  shores  of  the 
pond  are  used  to  some  extent  as  a  pleasure  resort  in  the  summer 
season* 

ChemiecU  Examination  of  Water  from  HaggeWs  Pond^  Andover, 

[Parts  per  100,000.] 


§ 
1 

Afpkarjlko. 

RB8IDDB  OK 
EVAPOSA- 

nov. 

AxxonA. 

.40 

NlTBOOBM 

1 

1 

1 

1 

«t 

1 

& 

r 

i 

Albuminoid. 

% 

1 

1 

t 

1 

it 

• 

1 

9 

nwi 

Jan.  10 

V.aUght. 

Sttght. 

.10 

8.80 

1.40 

.0018 

.0174 

.0170 

.0004 

1 

.0080 

.0000 

.84 

1.7 

22M0 

Apr.  11 

SUght. 

V.iUght. 

.20 

8.60 

1.06 

.0002 

.0166 

.0188 

.0028 

.80 

.0020 

.0001 

.88 

1.8 

23870 

July  IS 

]>Mld6d. 

V.tUghU 

.18 

8.16 

1.26 

.0008 

.0210 

.0176 

.0034 

.88 

.0000 

.0000 

.83 

1.1 

MMS 

Oct.   10 

V.tllgfat. 

None. 

.10 
.17 

8.20 

1.20 

.0006 
.0006 

.0180 
.0182 

.0168 
.0163 

.0012 
.0019 

.86 

.34 

.0000 
.0012 

.0000 
.0000 

.88 
.36 

1.1 

Ay*«« 

8.81 

1.87 

1.8 

Odor  of  tbe  lint  three  Mmplee,  vegetable;  of  the  last,  none. The  Munplee  were  collected  from 

a  faaeel  at  the  pomplng  station. 


Water  Supply  of  Ablington. 

The  original  source  of  supply  was  a  storage  reservoir  on  North 
Brook,  Lexington,  having  an  area  of  31  acres,  a  capacity  of 
77,000,000  gallons  and  an  average  depth  of  about  8  feet.  The 
area  of  the  water-shed,  including  the  area  of  the  reservoir,  is  2.25 
square  miles,  and  this  area  contains  about  200  persons  per  square 
mile.  The  yield  of  the  reservoir  can  be  increased  by  diverting 
into  it  water  from  the  Great  Meadows,  so  called,  which  have  a 
drainage  area  of  0.5  of  a  square  mile. 

Along  one  side  of  the  reservoir  is  a  filter-gallery,  and  the  water 
from  tbe  brook  which  feeds  the  reservoir  is  also  turned  directly 
into  this  gallery.  The  supply  of  the  town  has  been  drawn  chiefly 
from  the  filter-gallery  and  brook,  the  reservoir  being  used  only 
when  the  yield  from  the  other  sources  is  insufficient. 

The  higher  portions  of  the  town  are  supplied  with  water  which  is 
drawn  from  a  group  of  tubular  wells  located  at  the  edge  of  the  Great 
Meadows  in  East  Lexington.     The  wells  have  an  average  depth  of 
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about  35  feet,  and  water  from  them  was  first  used  in  1895.  When 
water  was  first  drawn  from  the  wells  it  had  considerable  color,  and 
contained  an  excessive  amount  of  iron  and  a  larger  amount  of  or- 
ganic matter  than  is  found  in  good  water.  Since  that  time  the 
color  has  increased  considerably,  and  there  has  also  been  a  decided 
increase  in  the  quantity  of  organic  matter  and  iron  present  in  the 
water. 

A  communication  from  the  State  Board  of  Health  to  the  Arling- 
ton Water  Board,  relative  to  the  pollution  of  the  water  supply  of 
that  town  by  refuse  from  a  slaughter  house  upon  the  water-shed  of 
one  of  the  sources  of  supply,  may  be  found  on  pages  111  and  112 
of  this  volume. 


Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Arlington 

Water  Works, 

[Parts  per  100,000.] 


I 

a 


s 

o 

2 


22202 
22800 
23607 
24386 
25126 
25786 


Av. 


1898. 

Feb.  U 

Apr.l8 
JaDe20 
Aug.22 
Oct.  24 
Deo.  28 


APPSAJtAVCS. 


^ 

^ 

s 

1 

!; 

1 

1 

I 

V.ellght. 

Slight. 

Dedded. 

Decided. 

SUgbt. 

V.  slight. 


V.  slight. 

Cons. 

Oons. 

Cons. 

Slight. 

V.  slight. 


0.70 
0.98 
1.00 
1.20 
0.97 
0.68 


0.92 


Kkbidcb  ok 

£VAPOBA- 

TIOM. 

d 

S, 

•* 

U 

g| 

r 

5.85 

2.85 

6.85 

2.50 

6.80 

2.95 

8.55 

4.40 

8.15 

8.60 

7.80 

2.80 

7.17 

8.10 

AXMOHIA. 


Albamlnold. 

■ 

I 

^ 

1 

pended. 

h 

^ 

s 

» 

.0008 
.0012 
.0080 
.0086 
.0084 
.0016 


.0298 


.0252 


,0356  .0286 


.0046 
.0120 


.0752 
.0784 
.0622 
.0260 


.004n  .0512 


.0368.0884 


.0470 
.0400 
.0236 


.0827 


.0814 
.0222 
.0024 


.0185 


o 

e 


.52 
.58 
.68 
.44 
.56 
.64 


.56 


NinooBN 


4 

S 


8 

i 


.0650 
.0290 
.0100 
.0080 
.0160 
.0260 


.0248 


.0008 

.0003 
.0008 
.0001 
.0008 

.0004 


.0003 


•6 

I 

o 

I 

o 

& 

8 


0.78 
0.78 
0.87 
1.45 
0.67 
0.81 


0.88 


8 

a 


2.1 
2.8 
2.2 
2.8 
2.6 
2.6 


2.3 


Odor,  ▼egetable  uid  oeoftsionally  grassy  or  disagreeable. 


Microscopical  Examination, 

In  the  sample  examined  In  April.  252  Synedra  per  coble  eeirtlmeter  were  found;  In  Jtine.  868  Frofi^ 
iariot  436  Anabana  and  560  Scenedeitnut;  in  Aagnst,  1,660  Fragilaria,  284  ClathrocffUtt  8.000  Proto^ 
coc«i«  and  400  8€enede9mu»;  In  October.  268  AfeloHra  and  1,500  Protocoecut,  An  Insignificant  nnmber 
of  oi^anisms  was  found  in  the  remaining  aamples. 
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Chemical  Examinalion  of  Water  from  Tubular  Wells  at  East  Lexington, 

[Parts  per  100,000.] 


I 


Pi 


n 


a 

« 

a 

i 


22197 

23676 
2<tS07 
25127 
25790 


Feb.  U 

June  24 
A»g.  22 
Oct.  24 
Dec.  27 


APTBASAVCB. 


a 


Slight. 

milky. 
Decided. 
Decided. 
Decided. 
Dedded. 


V.  alight. 

Slight. 
Cooa. 
Slight. 
Cona. 


.6ft 

.86 
.51 
.46 
.50 


I 


Ammonia. 


o 


I  ■ 

D 


KiTBOOKN 
A8 


9.20 

8.40 
9.00 
9.00 
8.00 


.0202 

.0150 
.0200 
.0210 
.0188 


.0116 

.0OR6 
.0142 
.0130 
.0116 


.69 

.52 
.49 
.49 
.50 


.0030 

.0020 
.0000 
.0010 
.0010 


.0000 

.0000 
.0000 
.0000 
.0001 


I 

a 

r 

o 


.22 

.22 
.24 
.28 
.24 


4.6 

8.6 
4.8 
8.8 
8.8 


m 

a 

I 


.0950 

.0780 
.8030 
.0850 
.1150 


Averages  by  Tears, 


. 

1895 

^ 

^ 

.17 

9.90 

.0007 

.0075 

.52 

.0045 

.0001 

.18 

5.5 

.0958 

.- 

1896 

— 

» 

.24 

9.88 

.0090 

.U102 

.54 

.0052 

.0001 

.21 

6.8 

.0742 

> 

1897 

.- 

. 

.46 

9.05 

.0167 

.0102 

.56 

.0042 

.0000 

.22 

4.7 

.0998 

^ 

1896 

" 

^ 

.47 

8.72 

.0190 

.0118 

.52 

.0014 

.0000 

.24 

4.0 

.1842 

Nora  to  analyaea  of  1898:  Odor  of  the  second  sample,  faintly  vesetable,  becoming  distinctly 
vegetable  on  heattog;  of  the  other  samples,  none.  A  faintly  nnpleasant  odor  was  developed  In  the  last 
sample  on  healing. The  samples  were  collected  from  a  faaoet  at  the  pumping  station. 

The  advice  of  the  State  Board  of  Health  to  the  Robbins  Spring 
Water  Company,  with  reference  to  the  quality  of  the  water  of  cer- 
tain springs  in  Arlington,  the  water  from  which  is  used  for  the 
supply  of  several  families  in  that  town,  and  is  also  sold  for  drink- 
ing purposes  in  Boston  and  its  vicinity,  may  be  found  on  pages  5 
and  6  of  this  volume.  The  results  of  analyses  of  samples  of  water 
collected  from  the  springs  are  given  in  the  following  table :  — 


CffiemuxU  Examinalion  of  Water  from  Bobbins  Springs  in  Arlington, 

[Parts  per  100,000.] 


1 

Appbakaxci. 

ktlon. 

Ammonia. 

KlTSOOBN 
AS 

|5 

1 

1 

1 

«i 

a 

il 

«  9 

a  > 
S 

i 

Albu- 
mmold 

■ 

O 

1 

i 

•2 

• 

1 

180S. 

25000 

Oct.   IS 

None. 

None. 

.01 

0.40 

.0000 

.0014 

.63 

.1400 

.0000 

.04 

2.8 

.0010 

25010 

Oct.    18 

None. 

None. 

.00 

6.80 

.0000 

.0032 

.53 

.0730 

.0000 

.08 

2.1 

.0000 

25011 

Oct.  18 

None. 

None. 

.00 

6.70 

.0000 

.0014 

.48 

.0220 

.0000 

.06 

1.8 

.0010 

25114 

Oct.  21 

None. 

V.  slight. 

.02 

7.80 

.0026 

.0030 

.67 

.1080 

.0000 

.06 

8.0 

.0010 

25012 

OeU  18 

None. 

None. 

.00 

6.40 

.0000 

.0022 

.58 

.0600 

.0000 

.04 

2.5 

.0010 

OdoPtDOiM.-— >The  samples  were  collected  from  the  Robbins  Springs,  which  are  located  on  the 
Bortbeiiy  slope  of  Arlington  Heights.  The  flrnt  thn^  ramples  were  collected  from  springs  Nop.  1, 2  and 
8,  respecilTely*  which  are  located  in  the  Tieinlty  of  the  spring  house,  about  1,600  feet  south-west  of 
Masse ehoeetta  Avenue;  the  last  two  samples  were  collected  from  springs  Nos.  4  and  6,  which  are 
located  about  1«0Q0  feet  south-west  of  Massachusetts  Avenue. 
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Water  Supply  of  Athol.  —  Athol  Water  Company. 

Chemical  Examination  of  Water  from  the  Large  Storage  Beaervoir  in  PhiUipston. 

[ParU  per  100,000.] 


I 
I 


tufn 
2sn4 

24760 
85087 


At. 


18M. 

Mar.  SO 

Jane  27 
Sept.  26 
Dee.  10 


ArruAMAMcm. 


S 


a 

i 

I 


I 


V.  alight. 
Decided. 
Deelded. 
V.  alight. 


Blight. 

Cona. 

Cone. 

green. 
None. 


.70 
.61 
.67 
.65 


.65 


Kbsidub  ox 

Btaposa- 

Tioir. 


1 


a 
e 
•a 

n 

3 


3.05 
S.40 
S.45 
S.70 


3.40 


1.25 
1.65 
2.10 
1.65 


1.66 


AXMOltlA. 


Albemlnold.     | 

1 

1 

i 

1 

1 

a 

k 

^ 

ft 

« 

.0006 
.0066 
.0044 
.0010 


.0020 


.0160 


.0128 


079f^  .0»4 


.0684 
.OlM 


.0802 
.0168 


0443  .0220  .0228 


.0082 
.0502 
.0322 
.0086 


i 

r 


.11 
.10 
.18 
.18 


.14 


KiTROOBM 

▲a 


J 


.0120 
.0010 
.0000 
.0060 


.0047 


.0000 
.0011 

.0001 

I 
.OOQS 


•0003 


6 

I 


! 
I 
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0.5 
0.8 
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Odor,  generally  dlaUneily  yegetable. 

Mieroseopieai  Examination, 

In  the  sample  eolleeted  In  June,  2,480  Anabcnui  per  enblo  eentlmeter  were  fovnd;  in  the  September 
■ample  2,600  Anabana  and  0,184  ifelotira  per  enblc  eentlmeter  were  obaenred.  An  InaigniAeaat  nnmber 
fkf  organlama  waa  found  In  the  remaining  aamplea. 


Chemical  Examination  of  Water  firom  Buckman  Brook  Beaervoir^  AthoU 

[Parte  per  100.000.] 
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Odor  of  the  first  two  i 
boating;  of  the  laat,  none. 


iplea,  faintly  Tegetable;  of  the  third,  faintly  moaty,  beeomtng  alao  llahy  on 


Microeeopical  Examination, 

In  the  oample  eolleeted  in  September,  678  Din^bryom  per  enblc  oeotimeter 
idfleaBt  nunber  of  organlama  waa  foond  In  the  remaining  aamplea. 


were  taaad.  An  larig. 
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Water  Supply  of  Attleborough. 

The  source  of  supply  is  a  well  about  150  feet  from  Seven  Mile 
River,  just  above  Orr's  Pond,  a  mill  pond  at  the  confluence  of  Seven 
Mile  River  and  Four  Mile  Brook,  not  far  from  the  village  of  South 
Attleborough.  The  well  is  30  feet  in  diameter  and  25  feet  in  depth. 
The  water  as  drawn  from  the  well  has  always  been  clear  and  practi- 
cally free  from  color  or  odor,  and  the  quantity  of  organic  matter  in 
the  water  has  been  very  small. 


Chemieal  ExaminoUion  of  Water  from  the  Well  of  the  Attleborough  Water  Works. 

[Parta  par  100,000.] 
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Odor,  none. The  aamplea  wera  eoUeeted  from  a  faucet  at  the  pumping  station,  while  pumping. 
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Water  Supply  of  Avon. 

Chemical  Examination  of  Water  from  the  Well  of  the  Avon  Water  Works, 


[PatU 

per  100,000.] 
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Average  of  aiz  tamplea  collected  In  Febra« 
ary,  April,  June,  Anguai,  October  and 
December,  1808. 

.01 

8.62 

.0008 

.0009 

.0170 

.0000 

.02 

1.1 

.0047 

Odor,  none. 


Water  Supply  of  Ayer. 

The  source  of  supply  is  a  well  25.5  feet  in  diameter  and  25.7  feet 
in  depth,  situated  near  a  small  st^eam  flowing  from  Sandy  Pond, 
close  to  the  south-easterly  side  of  the  main  village  of  Ayer. 

Chemical  Examination  of  Water  from  the  Well  of  the  Ayer  Water  Works. 

[Parts  per  100,000.] 
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Average  of  six  samples  collected  In  Febra* 
ary,  April,  .Tune,  AQgnst,  October  and 
Dvcember,  1808. 
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.0006 

.0016 
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.0406 
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.0000  1 

1 

2.7 

.0077 

Odor,  none. 


Water  Supply  op  Barre. — Barre  Water  Company. 

The  80Ui*ce  of  supply  is  a  small  storage  reservoir  having  an 
area  of  4.25  acres  and  a  capacity  of  10,000,000  gallons,  in  which 
water  from  several  springs  in  the  vicinity  is  collected.  The  reser- 
voir was  made  by  excavating  in  a  depression  and  building  a  dyke 
around  the  edges,  material  for  the  dyke  being  taken  from  the 
excavation.  The  reservoir  is  about  10  feet  deep,  and  its  bottom  is 
of  hard-pan. 
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BARBE. 

ChemiccU  Examination  of  Water  from  ike  Reservoir  of  U^e  Barre  Water  Company, 

[Parte  per  100,000.3 
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Apr.  12 

Decided. 
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0.07 

.0032 

.0001 

.24 

0.8 

1 

Odor  of  the  flnt  three  lamplea,  none;  of  the  last,  distinctly  musty,  becoming  also  flshy  on  heating. 
— —  Tbe  Urat  sample  waa  collected  from  a  faacet  at  the  dead  pnd  of  a  pipe  line ;  the  remaining  aamplea 
were  collected  from  the  reservoir. 

Microscopical  Examination. 

In  the  sample  collected  in  April,  824  Dlnobryon  per  cnblo  centimeter  were  found.  An  Inaignlfleant 
nomber  of  orgaDlanaa  waa  found  In  the  remaining  samples. 


Water  Supply  of  Belmont. 

The  town  of  Belmont,  until  Nov.  30,  1898,  was  supplied  with 
water  from  the  works  of  the  town  of  Watertown,  and  analyses  of 
the  water  may  be  found  under  "Watertown."  Since  Nov.  30, 
1898,  water  has  been  supplied  from  the  Metropolitan  Works,  and 
analyses  of  the  water  and  descriptions  of  the  sources  of  supply  may 
1x5  found  under  **  Metropolitan  Water  District,"  pages  133  to  160 
of  this  volume. 

Water  Supply  of  Beverly. 

(See  Salem,} 


Water  Supply  of  Billerica. 

Population  in  1895,  2,577.  The  works  are  owned  by  the  town, 
and  water  was  introduced  in  January,  1899.  The  source  of  supply 
is  a  system  of  tubular  wells  on  the  west  bank  of  the  Concord  River, 
about  a  mile  above  the  village  of  North  Billerica.     The  system  con- 
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BILLEBICA. 

sists  of  35  four-inch  wells,  driven  to  depths  ranging  from  15  to  31 
feety  the  average  depth  being  26  feet.  The  wells  are  arranged  in 
five  groups  of  seven  wells  each,  and  provision  has  been  made  for 
shutting  off  any  of  the  groups  if  it  should  be  found  desirable  to  do 
so.  Water  is  pumped  from  the  wells  to  the  town  and  to  a  covered 
iron  tank.  Service  pipes  used  are  of  wrought  iron,  lined  with 
cement. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Billerica, 
relative  to  a  proposed  water  supply  for  that  town  to  be  taken  from 
the  ground  on  the  west  side  of  the  Concord  River,  may  be  found  on 
pages  6  to  8  of  this  volume.  The  results  of  chemical  analyses  of 
numerous  samples  of  water  collected  in  the  course  of  two  pumping 
tests,  which  were  made  to  obtain  information  as  to  the  quantity  and 
quality  of  the  water  that  might  be  obtained  from  the  ground  in  this 
region,  may  be  found  on  pages  108  to  111  of  the  annual  report  for 
the  year  1897. 

The  advice  of  the  Board  to  the  water  commissioners  of  Billerica, 
relative  to  the  use  of  lead  service  pipes  in  connection  with  the  public 
water  supply  of  that  town,  may  be  found  on  page  8  of  this  volume. 


BOXFORD. 

Chemical  Examination  of  Water  from  Bald  Pate  Pond^  Boxford. 


[Part* 

par  100,000.] 
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Odor  of  the  aeeond  lample,  none;  of  the  othera,  faintly  vegetable.^— The  ezamtnationi  of  this 
pond  were  made  with  referenee  to  ita  poeeibla  nae  aa  a  aoaroe  of  water  anppiy  for  the  town  of 
Oeorgetown. 


Water  Supply  of  Boston. 

(See  Metropolitan  Water  District.) 
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BBAINTBEE. 


Water  Supply  of  Braintree. 


The  source  of  supply  is  a  filter-gallery  on  the  shore  of  Little  Pond 
in  South  Braintree.  Little  Pond  has  an  area  of  62  acres  when  full, 
and  a  water-shed  of  0.46  of  a  square  mile,  excluding  the  area  of  the 
pond.  The  water-shed  of  the  pond  contains  a  population  of  about 
lylOO  per  square  mile,  the  larger  portion  of  which  is  situated  on 
that  side  of  the  pond  on  which  the  filter-gallery  is  located.  The 
filter-galleiy  is  112  feet  long  and  15  feet  wide,  and  is  located  very 
close  to  the  high-water  mark  of  the  pond.  At  times  it  has  been 
necessary  to  supplement  the  supply  from  the  filter-gallery  by 
drawing  water  directly  from  the  pond. 

Chemical  Examination  of  Water  from  the  FiUer-gallery  of  the  Braintree  Water 

Works, 

[ParU  per  100,000.] 
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Non  to  aaalyiea  of  1806 :  Odor  of  No.  22402,  faintly  ▼egetable;  of  the  othera,  none. Noa.  22402, 

22745, 28066, 24011  and  26666  were  eoUeeted  from  the  fllter-gallery,  and  the  othen  from  a  fanoet  at  the 
pvaplnff  atatioB. 
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Chemical  Examinalion  of  Water  from  LiUle  PoTid^  Braintree. 

[Parta  per  100,000.] 
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Odor  of  No.  24633,  faintly  musty ;  of  the  others,  ▼egetable,  becoming  stronger  on  heating.   A  flshy 
odor  was  developed  In  No.  22401  on  heating. 


Wateb  Supply  op  Bridgewater  and  East  Bridgewater. — 

The  Bridgewaters  Water  Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Bridgewaters  Water  Company, 

[E*arto  per  100»000.] 
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7.00 

.0018 

.0010 

.60 

.0090 

.0000 

.04 

2.6 

.0560 

23SS0 

Jane    1 

Decided, 
milky. 

Cons., 
floe. 

.02 

7.60 

.0006 

.0004 

.40 

.0060 

.0000 

.02 

2.5 

.0680 

S4141 

Aug.    8 

Blight, 
milky. 

Slight. 

.20 

7.60 

.0014 

.0006 

.82 

.0020 

.0000 

.02 

2.5 

.0980 

21928 

Oct.     6 

Decided, 
milky. 

Slight. 

.IS 

7.10 

.0002 

.0006 

.44 

.0060 

.0000 

•02 

2.S 

.0620 

26648 

Dee.    e 

SUgbt, 
milky. 

Cons., 

white  floe. 

.27 
.16 

7.80 

.0002 

.0002 

.48 

.41 

.0040 

.0000 

.08 

2.7 

.0660 

Av... 

7.62 

.0009 

.0007 

.0063 

.0000 

.03 

2.6 

.0618 

Odor,  none. The  samples  were  coUeeted  from  a  faaoet  at  the  pnmplng  station. 


Ko.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  175 

BnOCKTON. 

Water  Supply  of  Brockton. 

The  source  of  supply  is  a  storage  reservoir  on  Salisbury  Brook 
in  the  town  of  Avon.  The  reservoir  has  an  area  of  100  acrea,  a 
maximum  depth  of  19  feet  and  a  capacity  of  about  325,000,000  gal- 
lons. Very  little  of  the  soil  and  organic  matter  was  removed  from 
the  area  flowed  when  the  reservoir  was  constructed,  and  there  is 
said  to  be  but  little  shallow  flowage  except  at  the  upper  end  of  the 
reservoir,  where  a  swampy  area  is  flooded  to  a  slight  depth  at  high 
water.  The  reservoir  has  a  water-shed  of  3.24  square  miles,  which 
contains  about  54  persons  per  square  mile.  There  are  considerable 
areas  of  swamp  or  meadow  land  on  the  water-shed. 

Much  trouble  was  experienced  by  the  occurrence  of  bad  tastes 
and  odors  in  the  water  soon  after  the  reservoir  was  built,  in  1880. 
The  analyses  indicate  that  the  water  has  been  of  somewhat  less 
objectionable  quality  since  1891  than  in  the  four  years  during  which 
examinations  were  made  previous  to  that  time. 

Analyses  of  samples  of  water  from  Silver  Lake  in  Pembroke, 
which  has  been  considered  a  possible  source  of  supply  for  Brockton, 
may  be  found  under  "Pembroke"  in  this  volume. 


Chemical  Examinalion  of  Water  from  Balinbury  Brook  al  Ua  Entrance  to  the 
Storage  Beeerooir. 

[Pvta  p*r  IDD,«M.] 
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Chemical  Examination  of  Water  from  Salisbury  Brook  Storage  Beservoir. 

[ParU  per  100,000  ] 


• 

1 

3 
1 

Appbakamob. 

Kbbidub  oa 
Eyapoba- 

TIOM. 

Ammobia. 

S 
i 

i 

.63 

Nitbogbb 

AB 

a 

s 

8 

1 

1 

1 

Lobs  on 
Ignition 

1 

Albuminoid. 

1 

1 

i 
i 

1 

• 

1 

^1 

B  Ok 
OS 

i 

21770 

18M. 

Jan  6 

v.  alight. 

Slight. 

.08 

4.46 

2.16 

.0024 

.0264 

.0288 

.0026 

.00«<V.0001 

0.80 

1.1 

22058  Feb.  8 

Slight. 

Slight. 

.00 

4.46 

2.20 

.0008 

.0220 

.0202 

.0018 

.50 

.0000 

.0000 

0.77 

1.0 

22433  Mar.  2 

V.  Blight. 

y.ilight. 

.60 

2.80 

1.80 

.0004 

.0126 

.0112 

.0014 

.85 

.0010 

.0000 

0.47 

0.6 

22751 

Apr.  6 

Slight. 

Blight. 

.01 

8.06 

1.46 

.0002 

.0190 

.0172 

.0018 

.80 

.0000 

.0000 

0.68 

1.4 

23007 

May  4 

y.tlight. 

y.  Blight. 

.70 

8.40 

1.80 

.0000 

.0206 

.0172 

.0084 

.81 

.0000 

.0000 

0.67 

0.6 

23371 

Jane  1 

Slight. 

Cons. 

.88 

8.40 

1.06 

.0008 

.0902 

.0216 

.0046 

.86 

.0000 

.0000 

0.76 

0.6 

28818 

Jnly  0 

Decided. 

Oona. 

.80 

8.70 

3.90 

.0006 

.0966 

.0940 

.0010 

.88 

.0090 

.0000 

1.13 

0.6 

34140 

Aug.  2 

Slight. 

Cona. 

.08 

3.80 

1.00 

.0000 

.0260 

.0233 

.0084 

.88 

.0010 

.0000 

0.74 

0.8 

24648 

Sept.  0 

V.  •light. 

Slight. 

.80 

4.26 

2.86 

.0028 

.0880 

.0274 

.0066 

.86 

.0010 

.0000 

1.04 

0.8 

24025 

Ool.  6 

V.  alight. 

Slight. 

.66 

8.06 

3.10 

.0003 

.0284 

.0836 

.0048 

.88 

.0010 

.0000 

0.78 

0.8 

25251 

N"ov.  2 

Slight. 

OonB. 

.70 

4.06 

3.16 

.0010 

.0266 

.0386 

.0080 

.86 

.0010 

.0000 

1.03 

1.1 

25548 

Dee.  0 

V.  Blight. 

Slight. 

.74 

4.16 

2.86 

.0002 

.0170 

.0160 

.0030 

.88 

.0010 

.0000 

0.84 

0.6 

Averages  by  Years. 


• 

1888 

• 

• 

.76 

8.76 

1.61 

.0081 

.0869 

- 

- 

.81 

.0066 

.0001 

- 

- 

- 

1880 

- 

- 

.78 

2.79 

1.01 

.0028 

.0806 

.0218 

.0068 

.80 

.0048 

.0008 

- 

.. 

- 

1890 

- 

- 

.76 

4.07 

1.96 

.0016 

.0874 

.0810 

.0066 

.32 

.0068 

.0001 

- 

0.9 

- 

1891 

• 

- 

.62 

8.16 

1.46 

.0010 

.0218 

.0169 

.0044 

.28 

.0061 

.000! 

- 

0.6 

- 

1892 

- 

- 

.66 

8.41 

1.87 

.0004 

.0818 

.0168 

.0046 

.86 

.0080 

.0000 

- 

0.7 

- 

1893 

- 

• 

.67 

8.69 

1.70 

.0007 

.0837 

.0196 

.0041 

.40 

.0019 

.0001 

0.66 

0.7 

« 

1894 

- 

- 

.81 

8.71 

1.68 

.0013 

.0238 

.0188 

.0040 

.44 

.0081 

.0000 

0.66 

0.7 

• 

1896 

• 

- 

.80 

8.76 

1.86 

.0009 

.0868 

.0824 

.0069 

.48 

.0018 

.0000 

0.74 

0.9 

- 

1896 

- 

- 

.64 

8.69 

1.66 

.0007 

.0284 

.0186 

.0088 

.88 

.0088 

.0000 

0.66 

0.6 

- 

1897 

- 

- 

.86 

8.80 

1.72 

.0011 

.0286 

.0196 

.0041 

.44 

.0020 

.0000 

0.75 

0.8 

- 

1898 

- 

- 

.78 

8.73 

1.98 

.0009 

.0287 

.0807 

.0060 

.87 

.0012 

.0000 

0.79 

0.8 

Nora  to  analyaea  of  1898:  Odor,  generally  Tegetable;  In  February  and  July,  moaty.  A  flahy  odor 
waa  dereloped  io  the  laat  sample  on  heating. —The  lamplea  were  oolleoted  from  the  reaenroir,  near  the 
gate-hooae,  1  foot  beneath  the  tarfaee. 
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Microscopical  ExamincUion  of  Water  from  Salisbury  Brook  Storage  Beservoir, 

[Number  of  organlsmi  p«r  eablo  eentlmeter.] 


1898. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane.,  July 


Aug. 


Sept 


Oct 


Nov. 


Dec 


Dmy  of  «zainiiuitlon, . 
Komber  of  aample,    . 


0 

2ino 


4 

S2068 


8 
82482 


2276428087 


2 
288n 


7 
28813 


4 

24149 


7 
24548 


6 
24025 


8 
^261 


7 
28647 


PLANTB. 

Dlatomace», 


AatortonoUa, 
Moloatm, 
Byoedra, 
tab«U«1a,    . 


Oyanophycen,  MoiltinopoBdla, . 


AlffflB, 


228 

212 

0 

11 

4 


1M 

160 
0 
2 
2 


0 
0 
0 
1 


54 

20 
7 
6 

16 


129 

47 
16 
54 
11 


8 


861 

87 

0 

18 

106 


8,566 

1,184 
0 
0 

2,840 


16 


4,084 

8,712 
0 

4 
868 


12 


14 


1,420 

1,828 

0 

11 

70 


4,818 

4,288 

0 

882 

108 


1,082 

204 
118 
142 
468 


48 


12 

0 
0 
8 
8 


0 


ANIMALS. 

Bhisopoda*  . 


InftuBoria, 


Dtnobryon*  . 
Pml<ttiuiima  • 


Vermes, 


OroBtaoea, 
Cyeiopo, 

DaphnlA, 


28 

0 
28 


pr. 


pr. 


0 


70 

64 
6 


0 
0 


11 

6 
5 


0 
0 


52 
8 


0 
0 


26 

10 
2 


0 
0 


2 
0 


0 
0 


10 

0 

10 


48 

0 
80 


pr. 
pr 


0 


pr. 
pr 


14 

0 
6 


pr. 
pr. 


12 

0 

8 


0 
0 


0 
0 


MUctllansatu,  Zo»sl< 


Total. 


8 


8 


8 


10 


260 


240 


15 


128 


164 


277 


8,608 


4,161 


1,488 


4,847 


1,087 


15 


Water  Supply  of  Brookline. 

The  original  source  of  supply  is  a  filter-gallery  located  on  the 
right  bank  of  the  Charles  Kiver  at  West  Koxbury,  the  bottom  of 
the  gallery  being  about  6  feet  below  the  level  of  low  water  in  the 
river.  The  total  length  of  the  gallery  is  1,142  feet,  its  width  being 
from  4  to  6  feet. 

Water  is  also  taken  from  a  system  of  tubular  wells  driven  on 
both  sides  of  the  river  in  the  vicinity  of  the  pumping  station.  One 
hundred  and  seventy-feight  wells,  2^  inches  in  diameter,  have  been 
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driven  to  depths  of  from  35  to  95  feet.  The  wells  are  driven  in 
lines  radiating  from  a  main  line  which  crosses  the  river,  the  total 
length  of  the  lines  being  6,620  feet. 

Until  1893  water  was  pumped  from  the  wells  and  the  filter- 
gallery  to  an  open  distributing  reservoir.  The  water  as  it  came 
from  the  wells  was  colorless  and  odorless,  but  after  being  stored  in 
the  open  reservoir  large  numbers  of  organisms  appeared  in  the 
water,  giving  it  a  disagreeable  taste  and  odor.  In  1893  a  new 
masonry  reservoir  was  constructed,  covered  in  such  a  manner  as  to 
exclude  the  light,  and  since  that  time  the  water  has  been  entirely 
free  from  tastes  and  odors. 

The  analyses  of  samples  of  water  collected  from  the  river 
opposite  the  wells  and  filter-gallery  may  be  found  in  the  chapter 
on  the  **  Examination  of  Eivers,*'  in  a  subsequent  portion  of  this 
report. 

Chemical  Examination  of  Water  from  a  Faucet  at  the  Low-service  Pumping 

Station  of  the  Brookline  Water  Works. 

[ParU  per  100,000.] 


« 

1 

Appbabangb. 

ition. 

Ammoku. 

NITBOOBK 
AS 

• 

1 

E      ' 

B 

• 

1 

to  of 
CoU 

• 

s 

s 

i 

§8.  ' 

m          1 

• 

a 

■ 

9 
1 

* 

1 

■ 

o 

1 

1 

• 

£ 

S 

B 

s 

a 

S 

< 

e 

s 

» 

a 

£ 

ISM. 

1 

21877 

Jan.  17 

None. 

None. 

.06 

9.20 

.0020 

.0088 

.80 

.0350 

.0000 

.10 

4.6 

.0010 

22211 

Feb.  14 

None. 

None. 

.04 

0.80 

.0010 

.0036 

.60 

.0280 

.0000 

.08 

5.1 

.0010 

22544 

Mar.  14 

v.  Blight. 

None. 

.07 

8.00 

.0012 

.0044 

.52 

.0280 

.0000 

.14 

8.6 

.0040 

22002 

Apr.  18 

None. 

None. 

.05 

8.70 

.0010 

.0030 

.55 

.0880 

.0000 

.12 

4.2 

.0020 

28178 

May  10 

V.  alight. 

None. 

.08 

8.80 

.0010 

.0046 

.56 

.0880 

.0000 

.12 

4.0 

.0080 

28524 

June  13 

None. 

None. 

.00 

8.20 

.0014 

.0052 

.62 

.0260 

.0000 

.16 

4.2 

.0080 

28048 

jQly  19 

None. 

None. 

.10 

8.80 

.0014 

.0052 

.52 

.0320 

.0002 

.17 

4.4 

.0070 

24808 

Aug.  15 

V.  Blight. 

None. 

.10 

8.00 

.0018 

.0058 

.54 

.0260 

.0002 

.15 

4.4 

.0060 

24802 

Sept.  19 

None. 

None. 

.08 

tt.40 

.0008 

.0028 

.55 

.0870 

.0001 

.12 

4.2 

.0040 

25050 

Oct.  17 

None. 

None. 

.08 

9.80 

.0012 

.0038 

.61 

.0380 

.0001 

.12 

4.9 

.0080 

25878 

Nov.  14 

None. 

None. 

.04  , 

9.10 

.U016 

.0084 

.57 

.0860 

.0001 

.11 

4.4 

.0040 

25804 

Deo.  12 

V.  Blight. 

None. 

.10 
.07 

8.40 

.0006 

.0036 

.54 

.0300 

.0001 

.13 

3.0 
4.3 

.0020 

Av... 



8.85 

.0012 

1 

.0041 

.56 

.0821 

.0001 

.13 

.0082 

Odor,  none. 


Water  Supply  of  Cambridge. 

The  sources  of  supply  are  Fresh  Pond  in  Cambridge  and  Stony 
Brook  in  Waltham  and  Weston.  Fresh  Pond,  the  original  source 
of  supply,  is  a  natural  pond,  having  an  area  of  165  acres  and  a 
maximum  depth  of  46  feet.     The  pond  is  now  used  principally  as 
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a  receiving  and  storage  reservoir  for  the  water  from  Stony  Brook, 
which  flows  to  the  pond  by  gravity. 

The  water  of  Stony  Brook  is  taken  from  a  storage  reservoir  on  the 
stream  at  the  boundary  line  between  Waltham  and  Weston.  The 
storage  reservoir  has  a  capacity  of  354,000,000  gallons,  an  area  of 
72  acres  and  an  average  depth  of  15  feet.  The  area  of  its  water-shed 
is  22.9  square  miles,  exclusive  of  the  water-shed  of  Sandy  Pond  in 
Lincoln,  the  water  of  which  is  practically  all  taken  for  the  supply 
of  the  towns  of  Concord  and  Lincoln.  The  water-shed  contains  a 
population  of  about  107  persons  per  square  mile.  In  1897  two  large 
storage  reservoirs  were  constructed  on  Hobbs  Brook  in  Waltham, 
one  of  the  tributaries  of  Stony  Brook.  The  upper  of  these  reser- 
voirs has  an  area  of  92  acres,  a  maximum  depth  of  15  feet  and  a 
storage  capacity  of  240,000,000  gallons.  The  lower  reservoir  has 
an  area  of -467  acres,  a  maximum  depth  of  26  feet  and  a  storage 
capacity  of  1,450,000,000  gallons.  Water  from  these  reservoirs 
flows  through  the  natural  bed  of  the  brook  to  the  Stony  Brook 
Reservoir,  a  distance  of  about  3  miles. 


Chemical  ExamituUion  of  Water  from  Fresh  Pond,  Cambridge, 

[Parte  per  100,000.] 


1 

KaaiDDB  OH 

e 

1 
1 

o 
S 

2 

Appbabakck. 

EVAPOBA- 
TIOH. 

AMMONIA. 

• 

1 

XI 

NlTBOOKH 
AB 

a 
p 

8 

2 

• 

a 

1 

1 

• 

1 

Losaon 
Ignition. 

1 

Albuminoid. 

• 

S 

• 

1 

• 

1 

• 

i 

• 

1 

« 

9C 

3 

'i 

« 

18M 

L 

21748    Jan. 

4 

Slight. 

Slight. 

.80 

7.40 

2.15 

.0112 

.0246 

.0282 

.0014 

.68 

.0280 

.0009 

.45 

8.6 

22042    Feb. 

1 

Slight. 

Slight. 

.46 

7.15 

2.60 

.0072 

.0288 

.0212 

.0026 

.69 

.0820 

.0004 

.62 

3.6 

22889  1  Mar. 

1 

Decided. 

Cods. 

.44 

8.16 

2.05 

.0006 

.0212 

.0190 

.0022 

.66 

.0450  .00011 

.46 

3.1 

2272B    Apr. 

6 

V.  alight. 
Decided. 

V.  alight. 

.36 

6.90 

2.10 

.0012 

.0262 

.0172 

.0090 

.61 

.0480.0003; 

.40 

3.4 

28042    May 

3 

Cona. 

.31 

7.00 

1.95 

.0020 

.0246 

.0174 

.0072 

.66 

.0450 

.0002 

.41 

3.3 

28879    Jone 

1 

SHght. 

Slight. 

.41 

6.70 

1.95 

.0052 

.0280 

.0172 

.0058 

.68 

.0390 

.0004 

.47 

2.9 

28787    Jaly 

1 

V.  slight. 

SHght. 

.29 

6.05 

2.70 

.0072 

.0212 

.0178 

.0034 

.60 

.0290 

.0006 

.40 

3.3 

24140    Aug. 

2 

Slight. 

Cona. 

.28 

6.60 

2.00 

.0016 

.0262 

.0178 

.0074 

.60 

.0600 

.0005 

.39 

2.9 

24647    Sept. 

0 

V.iUght. 

V.  Blight. 

.80 

6.66 

2.60 

.0032 

.0208 

.0182 

.0026 

.57 

.0270.0015 

.50 

3.0 

S4906  '  Oct 

4 

Slight. 

Slight. 

.80 

6.80 

2.65 

.0022 

.0240 

.0194 

.0046 

.64 

.0180.0006 

.60 

2.9 

2M84  '  Not. 

1 

V  alight. 

Slight. 

.80 

7.10 

2.06 

.0286 

.0222 

.0188 

.0034 

.62 

.0190.0007 

.48 

8.8 

2&5a»  I  Dae. 

6 

SHght. 

Coos. 

.88 
.85 

7.55 

2.60 

.0182 
.0069 

.0212 
.0282 

.0168 
.0187 

.0044 
.0045 

.61 
.60 

.0240  .0014 
.082o!.OOM 

.48 

— 

.46 

8.0 

1 
At...- 

7.07 

2.27 

3.2 

1 

Odor,  geoerally  falnUy  vegetable,  aomettmea  muaty,  becoming  stronger  on  heating.  —  The  samples 
were  collected  from  the  pump  well  at  the  pumping  station. 
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CAMBRIDGE. 

Microscopical  Examinaiion  of  Water  from  Fresh  Pond,  Cambridge. 

[Namber  of  organlflms  per  cnblo  centimeter.] 


PLANTS. 
Diatomace». 


Aeterlonelle, 
Oyolotella,    . 
FragUarla,    • 
Meloeira, 
Bynedra, 
Tabellarla,    . 


OyanophyceeB, 


Anabnna,     . 
ApbanlzomenoD, 
Ccelospbarlum, 
Miorocystis, . 


Alfir», 

8taarastratn» 


IMS. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July  Auff. 

Sept. 

Oct 

Not. 

Dee. 

Day  of  examlDatlon,  .... 
Namber  of  lample,  .... 

4 
S1748 

2 
22042 

2 

22880 

6 
22726 

4 
28042 

2 
28876 

A 

28787 

4 
24140 

7 
24647 

4 

24008 

2 

26284 

8 
25689 

692 

474 

80 

1,070 

1,418 

412 

408 

284 

84 

177 

891 

164 

204 

16 

62 

8 

224 

162 

176 

0 

14 

18 

112 

4 
28 
0 
8 
0 
0 

184 

124 

0 

744 

8 

2 

110 

04 

0 

1,200 

6 

8 

88 
06 
0 
24 
64 
140 

06 
78 
62 
68 
2 
112 

0 

8 

06 

6 

02 

82 

0 

0 

6 

28 

1 
4 

16 
2 

80 

22 
6 

00 

124 

4 

14 

148 

6 

00 

4t 

8 

0 

0 

0 

0 

24 

76 

11 

71 

8 

0 

40 

0 

0 

0 
8 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

8 

0 

16 

0 

0 

0 

62 

14 

7 
0 
8 
0 

64 
0 
6 
0 

6 
0 
8 
0 

132 

154 

89 

24 

60 

182 

28 

38 

9 

7 

8 

76 

108 

11 

12 

80 

144 

12 

4 

0 

1 

1 

2,840 

1,820 
80 
72 

1,044 

18 

804 


0 

0 
0 
0 
0 


18 
2 


AKIMALS. 
Infusoria, 


Cryptomonaa, 

Mallomonae, 

Trachelomonaa, 


Vermes, 


Crustacea* 

Cyclops, 
Daphnla, 


JilaceOanwui,  Zo<$glaBa, 


Total, 


10 

0 
2 

4 


pr. 

pr. 
pr. 


8 

0 
0 

6 


pr. 
pr. 


14 

0 

0 

14 


pr. 
pr. 


14 

8 

0 


pr. 
pr. 


48 

16 

0 

26 


pr. 

pr. 
pr. 


0 
16 
20 


8 


pr. 

pr. 

pr. 


0 
0 
8 


0 
0 


14 

0 

0 

12 


pr. 


pr. 


0 
0 
1 


0 
0 


10 


886 


10 


664 


90 


10 


1,120 


8 


1,638 


8 


686 


8 


478 


861 


8 


68 


0 
0 
1 


0 
0 


0 
1 
0 


0 
0 


205 


414 


8 

0 
0 
2 


pr. 
pr. 


2,864 
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CAMBBIBGE. 

ChemiccU  ExamincUion  of  Water  from  Stony  Brook  Storage  Beservoir,  WdUham, 

[Parte  per  100,000.] 


f 

Aptb^bakox. 

Rbsiduk  oh 
Etaposa- 

TIOM. 

Ammonia. 

3         Cblorine. 

NITBOOSH 
AS 

1 

1 
1 

^ 

1 

> 

Lots  on 
Ignition. 

1 

Albuminoid. 

1 

2 

1 

1 

• 

-3 

i 

in. 

flO 

1 

S17ft2 

IMS. 

Jan.  4 

Slight. 

V.  slight. 

0.66 

6.46 

2.80 

.0022 

.0172 

.0166 

.0016 

.0480 

.0001 

0.60 

2.6 

SUMS 

Feb.  2 

Slight. 

V.  slight. 

0.60 

6.60 

2.46 

.0026 

.0190 

.0176 

.0014 

.62 

.0820 

.0001 

0.68 

2.8 

22SM 

Mar.  1 

Slight. 

V.sHgfai. 

O.M 

4.60 

1.66 

.0022 

.0212 

.0202 

.0010 

.84 

.0280 

.0000 

0.60 

1.7 

SZ724 

Apr.  5 

V.  Blight. 

V.  slight. 

0.68 

4.66 

1.06 

.0008 

.0188 

.0172 

.0016 

.46 

.0280 

.0002 

0.86 

2.2 

28080 

May  8 

Slight. 

V.  Blight. 

0.84 

4.86 

1.86 

.0004 

.0226 

.0208 

.0018 

.42 

.0180 

.0002 

0.66 

1.8 

28889 

Jonel 

V.elight. 

SUght. 

1.08 

6.66 

2.66 

.0010 

.0202 

.0264 

.0088 

.44 

.0120 

.0002 

0.86 

2.1 

287M  Jo]y  6 

V.eHght. 

V.  slight. 

0.60 

6.76 

2.76 

.0010 

.0268 

.0284 

.0024 

.60 

.0120 

.0008 

0.66 

2.0 

24146 

Auff.S 

Blight. 

Blight. 

0.60 

6.46 

2.20 

.0018 

.0264 

.0106 

.0068 

.86 

.0080 

.0008 

0.60 

2.2 

24S25 

8ept.e 

V.  alight. 

Blight. 

0.07 

7.16 

8.66 

.0016 

.0806 

.0866 

.0040 

.46. 

.0070 

.0008 

1.20 

2.1 

24804 

Oct.  4 

Blight. 

Slight. 

0.70 

6.00 

2.60 

.0010 

.0310 

.0278 

.0082 

.44 

.0120 

.0004 

0.48 

2.2 

2S2S2 

Not.  1 

SUght. 

Slight. 

0.70 

6.40 

2.60 

.OOlJ 

.0274 

.0246 

.0028 

.60 

.0060 

.0001 

O.M 

2.2 

25S81 

Dee.  6 

V.  alight. 

V.  slight. 

0.48 

6.66 

2.26 

.0004 
.0014 

.0178 
.0246 

.0166 
.0220 

.0022 
.0026 

.44 

.46 

.0280 
.0182 

.0000 

.0002 

0.60 

2.2 

A.V.. 

0.60 

6.67 

2.40 

0.66 

2.1 

1               1 

Odor,  Tegetable,  and  sometimes  masty,  becoming  somewhat  stronger  on  heating.— —The  samples 
were  collected  from  the  reaerroir,  near  the  sarfaoe,  at  the  dam. 


Chemical  Ezcaninaiion  of  Water  from  Eobbs  Brook,  at  Winter  Street,  WaUham, 

[Peru  per  100,000.] 


1 
g 


a 


21780 


Jan.     6 


■e 

s 


9 


Decided. 


BUght. 


o 


.61 


Rksiduk  on 
Eyapoka- 

TION. 


a 


0.16 


2.80 


Ammonia. 


I 


Albnmlnold. 


.J 

S 

o 


I 


3 


.0084 


.0270 


.0280 


00 


.0040 


4 
B 
S 


.60 


IfflTBOOBN 
AS 


i 
I 


.0280 


.0000 


1 

a 
§ 

I 


.68 


4.0 


Odor,  faintly  ▼egetable,  becoming  stronger  on  heating. 
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CANTON. 

Water  Supply  of  Canton. 

The  sources  of  supply  are  wells  situated  in  the  valley  of  Beaver 
Brook.  The  first  well,  which  is  located  near  a  brook  at  Spring- 
dale  not  far  from  the  boundary  line  between  Canton  and  Stoughton, 
is  about  40  feet  in  diameter.  Near  this  well  are  several  tubular 
wells  which  are  also  connected  with  the  pumps. 

The  second  well  is  located  in  the  valley  of  the  brook  about  9,000 
feet  above  the  well  at  Springdale,  and  is  connected  with  it  by  a 
cast-iron  pipe,  through  which  the  water  flows  by  gravity.  This 
well  is  40  feet  in  diameter  and  23  feet  deep,  sunk  through  quick- 
sand into  a  gravel  stratum.  Provision  has  been  made  for  collecting 
water  from  the  ground  in  the  vicinity  of  the  brook  between  the 
two  wells  whenever  it  is  found  necessary. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Canton  Water  Works. 

[Parta  per  100,000.] 


a 


S 


5 


24670 
36447 


ISM. 

Sept.   8 

Not.  21 


APPB^SAKOK. 


• 

1 

s 

»• 

f^ 

a 

i 

Q 

X 

o 

H 

« 

O 

NODO. 

None. 

.00 

V.aUght. 

V.  slight 

.10 

B 
O 

si 


4.60 
6.00 


Ammowia. 


9 

I 


O 
B 

el 
< 


.0000 
.0000 


.0002 
.0060 


e 

•c 


.84 
.42 


MlTBOOSlI 
▲8 


i 

t 


.0190 
.0170 


I 

I 


.0000 

.0000 


i 

0 
e 


.08 
.10 


1.0 
l.T 


.0070 
.0150 


Odor,  noDe. — The  flnt  Mmple  wm  coUeoted  from  the  well  at  Sprlogdmle,  and  the  laat  from  the 
well  at  Henry  Spring. 

Water  Supply  of  Chelsea. 

(See  Metropolitan  Water  District,  pages  133-160.) 


Water  Supply  of  Cheshire.  —  Cheshire  Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Cheshire  Water 
Company,  relative  to  a  proposed  additional  water  supply  to  be  taken 
from  Kitchen  Brook  in  that  town,  may  be  found  on  page  9  of  this 
volume.  The  results  of  the  analyses  of  samples  of  water  from 
Kitchen  Brook,  the  proposed  source  of  supply,  and  from  the  pres- 
ent source  of  supply,  which  is  a  small  reservoir  on  Thunder  Brook, 
a  tributary  of  Kitchen  Brook,  are  given  in  the  following  tables. 
Both  sources  are  mountain  streams,  and  there  are  very  few  inhabi- 
tants on  their  water-sheds. 
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CHESHIRE. 

Chemical  Examinaiion  of  Water  from  the  Reservoir  of  the  Cheshire  Water  Works, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Afpbaiaxcs. 

Reeidue  on 

Evaporation. 

Ammonia. 

Chlorine. 

NiTXOQBK 
A8 

Oxygen 

Consumed. 

• 

8 

e 

"2 

« 

i 

SB 

1 

§ 

a 

1 

1 

Albu- 
minoid. 

Nitrates. 

i 

ta4 

18»8. 

1 

1 

22007 

Jan.    20 

V.  alight. 

Slight. 

.04 

8.00 

.0004 

.0036 

.08 

.0180 

.0000 

.06 

2.8 

.0030 

Mar.  22 

V.  Blight. 

Blight. 

.07 

2.00 

.0000 

.0026 

.06 

.0070 

.0000 

.14 

2.3 

.0050 

22680 

Mar.  20 

V.flligbt. 

Blight. 

.05 

2.40 

.0000 

.0032 

.04 

.0180 

.0000 

.10 

1.8 

- 

28286 

May    24 

V.aUght. 

Slight. 

.00 

2.85 

.0006 

.0086 

.05 

.0030 

.0000 

.14 

2-1 

- 

S4067 

Ja]y  20 

V.  Blight. 

V.  Blight. 

.08 

5.85 

.0006 

.0056 

.07 

.0040 

.0000 

.20 

8.0 

- 

24802 

Sept.  27 

None. 

V.  Blight. 

.08 

5.15 

.0000 

.0088 

.07 

.0060 

.0000 

.07 

8.3 

- 

2M43 

Not.  21 

None. 

V.  Blight. 

.05 
.07 

8.15 

.0000 

.0082 

.06 

.0050 

.0001 

.04 

2.1 

- 

At.*. 

8.07 

.0008 

.0046 

.06 

.0072 

.0000 

.10 

2.5 

.0040 

1 

*  Where  more  than  one  sample  was  ooUected  in  •  month,  the  mean  analyslB  for  that  month  has  been 
need  In  making  the  average. 

Odor,  none.    A  faintly  mnsty  odor  waa  developed  in  the  July  sample  on  heating. Noe.  22007 

•ad  22023  were  ooUeoted  from  a  fanoet  supplied  from  the  reservoir,  and  the  others  from  the  reBervolr. 


Chemical  Examinaiion  of  Water  from  Kitchen  Brook  in  Cheshire, 

[Pnru  per  100,000.] 


e 


8 


S8»8. 

Mar.  21 


AmABAMOB. 


Z 


V.  slight. 


a 
« 

8 


6 


Slight. 


.06 


Bbsidub  ok 

EVArOBA- 
TIOM. 


e 
H 


I 

s 

§1 


2.00 


0.55 


Ammonia. 


6 
t 

En 


Albuminoid. 


A 
& 


.0000 


.0024 


s 


00 


.0022 


.0002 


o 
a 

-c 

o 


.05 


NiTBOOBK 
AS 


8 

e 


8 
5 


.0180 


.0000 


•2 

a 

9 
« 

a 
o 
O 

a 

I 

O 


.10 


o 

e 

m 

a 


2.1 


Odor,  none.— The  sample  was  collected  from  Kitchen  Brook,  Just  above  the  old  dam  and  a  little 
below  the  probable  place  of  diversion. 


Water  Supply  of  Chester. 

The  source  of  supply  is  Austin  Brook,  a  mountain  stream  on 
which  a  small  reservoir  is  built.  The  water-shed,  of  about  1.25 
square  miles,  is  said  to  contain  but  one  dwelling-house. 
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CHESTER. 

Chemical  Examination  of  Water  Jrom  the  Austin  Brook  Reservoir. 

[Parte  per  100,000.] 


• 

1 

■8 

• 

APPBAX4KCK. 

Rbsidub  on 

EVAPOSA.- 
TIOB. 

Amrom. 

a 

.11 

1 

HITBOQBH 
AS 

1 

• 

«2 

1 

• 

Lou  on 
Ignldon. 

1 

AUmmlnold. 

1 

S 

a 
J5 

J 

00 

• 

24683 

18»8. 

Bepl.  8 

None. 

None. 

.14 

8.46 

1.20 

.0002 

1 

.006-2  .0060  .0002 
i 

.0020 

.0001 

.26 

1.4 

Odor,  none. 


Water  Supply  or  Chicopbe. 

The  principal  sources  of  supply  are  Cooley  Brook  and  Morton 
Brook,  the  waters  of  which  are  taken  from  small  reservoirs  near 
their  confluence.  Cooley  Brook  is  a  tributary  of  the  Chicopee 
Eiver  from  the  north,  and  a  large  part  of  its  course  is  through  a 
ravine  in  a  great  sandy  plain.  It  is  fed  largely  by  springs.  Morton 
Brook  is  a  small  tributary  of  Cooley  Brook,  with  a  similar  water- 
shed. 


Chemical  Examination  of  Water  from  Cooley  Brook  Reservoir ^  Chicopee, 

[Parte  per  100,000.] 


I 


21080 
22088 
24040 
26133 


Ay. 


d 
p 

o 


S 
& 


18»8. 

Jan.  24 

Apr.20 
July  26 
Oct.  24 


AmAMAMCE, 


3 


«3 

8 


I 


Slight. 
Slight. 
Blight. 
V.  slight. 


Cons. 
Cons. 
Cons. 
V.  slight. 


1.10 
1.80 
0.86 
1.06 

0.06 


RBSZDnS  ON 

BV4P0BA- 

TIOX. 


^ 
^ 


4.20 
4.20 
4.06 
4.00 


4.26 


e 

«1 


1.70 
1.96 
1.46 
2.80 


1.86 


▲moau. 


I 


.0004 
.0008 

.0088 
.0002 


.0018 


Albuminoid. 


I 


.0176 
.0166 
.0172 


.0182 
.0184 
.0078 


.0152  .0186 


.0164 


.0120 


00 


.0044 
.0022 
.0004 
.0016 


.0044 


4 

c 

I 

8 


,18 
18 
12 
12 


.12 


NintooBir 


g 


1 


.0070 
.0080 
.0080 
.0020 


.0087 


.0000 

.0000 
.0000 
.0000 


.0000 


§ 

I 


0.82 
0.90 
0.80 
1.08 


0.7T 


i 

a 


1.0 
0.6 
1.8 

0.8 

0.0 


Odor  In  January  and  April,  vegeteble;  in  July  and  October,  none,  becoming  faintly  mnsty  or  earthy 
on  heating. 
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CHICOPI&E. 

ChetfUcal  Exaiminatwn  of  Water  from  Morton  Brook  Reservoir^  Chicopee. 

[ParU  per  100,000.] 


Dtte  of  Collection. 

Appbabavox. 

Rksidub  cm 
Evapora- 
tion. 

AmioviA. 

S 

1 
g 

.16 
.16 
.12 
.14 

.14 

KxTBOoav 

AS 

• 

1 

a 

1 

1 

1 

1 
1 

1 

s 

Loss  on 
Ignition. 

1 

Albuminoid. 

1 

i 

i 

• 

1 

1 

00 

1 

SlMl 
29082 
24041 

26134' 

1 

1 

J«D.24 
Apr.26 
July  26 
Oct.  24  : 

V.  slight. 
SUght. 
V.  slight. 
None. 

Oons., 
earthy. 
y.sUght. 

V.fl»gh^ 

sandy. 

V.sUght. 

0.07 
0.06 
0.07 
O.OT 

0.07 

8.86 
3.66 
8.80 

8.40 

1 

0.86 
0.00 
1.10 
0.90 

.0006 
.0006 
.0002 
.0000 

.0008 

.0062 
.0042 
.0024 
.0026 

.0088 

.0080 
.0040 
.0018 
.0022 

.0027 

.003  J 
.0003 
.0006 
.0004 

.0011 

.0060 
.0180 
.0040 
.0020 

.0080 

.0000 

.0000 
.0002 
.0002 

.0001 

.14 
.10 
.07 
.06 

0.8 
0.8 
0^ 
0.8 

Av.  . 

8.62 

0.04 

.10 

0.7 

1 II 

Odor,  nono. 


Water  Supply  of  Clinton  and  Lancaster. 

Chemieal  Bxaminalion  of  Water  from  Faucets  supplied  from  the  Clinton  Water 

Works. 

[Parte  per  100,000.] 


i 

e 

Rbsiddk  on 
Etapoba- 

TION. 

AmcoBiA. 

• 

1 
.18 

KlTBOOBB 

AS 

i 

1 

1 

8 

H 

Loss  on 
Ignition. 

1 

Albamlnold. 

1 

J 

1 

1 

5 

Sus- 
pended. 

1 

a 

ATernce  of  tbr««  samples  eoUeeted  in 
January,  May  and  Bcptember,  1808. 

.14 

8.60 

0.98 

.0007 

.0069 

.0061 

.0008 

.0078 

.0000 

.21 

1.6 

Odor,  non«. 
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COHAS8ET. 

Water  Supply  of  Cohasset.  —  Cohasset  Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Cohasset  Water 
Company,  relative  to  a  proposed  additional  supply  of  water  for  that 
to^vn,  to  be  taken  from  tubular  wells  in  the  Ellms  Meadow,  situated 
a  short  distance  south  of  the  main  village,  may  be  found  on  pages 
9  and  10  of  this  volume. 

The  original  source  of  supply  is  a  system  of  tubular  wells  in  low 
ground  west  of  the  main  village,  which  has  been  in  use  since  1886, 
Works  for  obtaining  water  from  wells  in  the  Ellms  Meadow  were 
constructed  in  the  spring  of  1898,  and  water  from  this  source  was 
used,  in  part,  during  the  drier  portion  of  the  year,  for  the  supply 
of  the  town.  The  results  of  analyses  of  samples  of  water  col- 
lected from  this  source  and  from  the  system  of  tubular  wells 
which  is  the  original  source  of  supply  are  given  in  the  following 
tables : — 


Chemical  Examination  of  Water  from  the  Tubular  WeUs  of  the  Cohasset  Water 

Company,  situated  West  of  the  Main  Village, 

[Paita  per  100,000.] 


Date  of 

Collection. 

Aptb^xahcb. 

Residue  on 
Evaporation. 

AXXONIA. 

9* 
1 

XlTBOGRV 
▲8 

1 

• 

8 

2; 

1 

1 

1 

1 

i 

a 

• 

1 

e 

< 

1 

9a 

1 

1 

2204A 

ISM. 

Feb.    8 

Decided. 

V.aUght. 

.06 

16.60 

.0006 

.0026 

1.00 

.0860 

.0000 

.02 

7.6 

.0080 

28848 

34107 
24609 

July  12 
Aug.  8 
Sept.  13 

Diatinot, 
milky. 

Slight, 
milky. 

BUght. 

None. 
None. 
V.aUght. 

.08 
.10 
.07 

18.70 
14.40 
18.20 

.0008 
.0004 
.0006 

.0080 
.0018 
.0026 

1.76 
1.70 
1.81 

.0180 
.0170 
.0280 

.0000 
.0000 
.0000 

.08 
.02 
.06 

6.0 
6.1 
6.7 

.0170 
.0880 
.0800 

24800 
26288 

Sept.  27 
Nov.    7 

Slight, 
milky. 

Sliffht, 
clayey. 

V.  alight. 

None. 
V.  alight, 

'.07 
.08 

18.70 
16.20 

.0000 

.0000 

.0008 
.0014 

1.72 
1.71 

.0110 
.0270 

.0000 
.0000 

.06 
.01 

6.0 
6.0 

.0620 
.0180 

26566 

Dec.    6 

clayey. 
V.  alight. 

.06 
.07 

18.50 

.0000 

.0010 

1.66 

.0240 

.0000 

.04 

6.6 

.0100 

Av.*. 

14.81 

.0004 

.0010 

1.76 

.0284 

.0000 

.08 

6.8 

.0106 

*  Where  more  than  one  aample  waa  collected  in  a  month,  the  mean  analyala  for  that  month  haa  been 
need  In  making  the  average. 

Odor,  none. The  aamplea  were  collected  from  a  fancet  at  the  pnmping  atatlon,  and  repreaent 

water  from  the  original  aonroe  of  anpply. 
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Chemical  Examination  of  Water  from  the  Tubular  WeUa  of  the 

Company  in  Ellms  Meadow. 

[Parts  per  100,000.] 


COHASSBT. 

Cohasset  Water 


■ 

Collection. 

Appsasavob. 

• 

1 

1 

AMMOiriA. 

i 

6 

NiTBOOSir 

A8 

i 

0 

o 

1 

1 

§ 

• 

1 

s 

i. 

CO 

1 

1 

Albn- 
mlnokl. 

1 

• 

1 

N4 

2^46 

Apr.    0 

V.tUsht. 

SUglit. 

.02 

0.00 

.0002 

.0008 

1.04 

.0160 

.0000 

.02 

8.6 

.0040 

^3484 

Jone    7 

Sllfbt. 

V.  alight. 

.00 

10.20 

.0002 

.0006 

1.09 

.0180 

.0000 

.06 

8.6 

.0060 

S8720 

Jnne  28 

None. 

None. 

.02 

10.80 

.0002 

.0006 

1.84 

.0460 

.0000 

.02 

8.8 

.0010 

SS818 

July    8 

None. 

None. 

.00 

10.20 

.0000 

.0010 

1.84 

.OiOO 

.0000 

.02 

8.6 

.0010 

SSMO 

July  IS 

None. 

Nona. 

.08 

0.90 

.0000 

.0016 

1.18 

.0190 

.0000 

.02 

8.6 

.0080 

MOM 

July  28 

None. 

None. 

.04 

10.10 

.0000 

.0004 

1.88 

.0480 

.0000 

.02 

8.8 

.0010 

8IS80 

Aaff.  22 

None. 

None. 

.01 

9.80 

.0000 

.0004 

1.10 

.0200 

.0000 

.01 

8.4 

.0080 

^^frl 

S«pt.    7 

Nona. 

None. 

.02 

9.00 

.0000 

.0002 

1.08 

.0220 

.0000 

.02 

8.1 

.0110 

Mno 

Sept.  27 

Kone. 

None. 

.01 

0.10 

t 

.0000 

.0000 

1.07 

.0110 

.0000 

.02 

8.8 

.oom 

81080 

Oei.   11 

None. 

None. 

.01 

11.10 

.0000 

.0012 

1.61 

.0700 

.0000 

.02 

4.2 

.0040 

Av.*. 

.01 

9.84 

.0001 

.0007 

1.20 

.0818 

.0000 

.02 

8.6 

.0088 

1                 1 

•  Where  naore  than  one  eample  waa  oolleetad  In  a  month,  the  mean  analyaia  for  that  month  haa  been 
need  in  making  the  average. 

Odor  of  No.  24810,  faintly  mnaty,  beeoming  faintly  anpleaaant  on  beating;  of  the  othen,  none. 

The  eamplea  were  collected  from  a  faaoet  in  the  pumping  station  at  Bllms  Meadow,  and  represent  the 
new  aonrce  of  enpply. 


Water  Supply  of  Concord  and  Lincoln. 

The  source  of  supply  is  Sandy  Pond,  in  Lincoln,  which  has  an 
area  of  150  acres  and  a  water-shed  of  0.58  of  a  square  mile,  in- 
eluding  the  area  of  the  pond.  The  storage  capacity  of  the  pond  is 
very  large  in  comparison  to  the  size  of  the  water-shed,  and  the 
quantity  of  water  drawn  from  it  is  so  great  that  there  is  seldom  any 
water  flowing  away  from  the  pond  through  its  outlet. 
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CONCORD  AND  I-INCOIiN. 

Chemical  EoMminaVUm  of  WaUrJrom  Sandy  Pond,  Lincoln. 

[ParU  per  100,000.] 


217M 
22081 
22466 
22788 
28080 
28826 
24688 
84058 
26271 
25682 


Av. 


o 


I 


1898. 

Jed.  10 

F«b.  7 
Mar.  7 
Apr.  10 
May  0 
Jaly  10 
Sept.  12 
Get.  11 
Nov.  7 
Deo.    5 


Appbabahcx. 


s 

B 

9 


§ 


V.  slight. 
V.sUght. 
V.  Blight. 
V.sUght. 
y.  slight. 
V.  alight. 
y.aUght. 
V.sUght. 
V.aUght. 
V.sUght. 


Slight. 

SUght. 

Slight. 

Slight. 

V.sUght. 

Slight. 

SUght. 

V.aUght. 

V.aUght. 

V.sUght. 


.06 
.08 
.18 
.00 
.08 
.10 
.00 
.10 
.11 
.15 


10 


RK8IDI7B  OH 

EVAPOBA- 

TIOH. 

• 

a 

o 

m^ 

** 

^ 

§1 

1 

r 

2.00 

1.00 

2.66 

0.00 

2.60 

1.00 

2.26 

1.00 

2.76 

1.06 

8.00 

0.46 

2.60 

1.06 

2.66 

1.16 

2.76 

1.26 

2.40 

1.10 

2.61 

0.00 

Amjiovia. 


AlbTimlnold. 


I 


o 
m 

3 


00 


.0004 
.0004 
.0004 
.0000 
.0004 
.0004 
.0006 
.0000 
.0000 
.0002 


.0008 


.0124 
.0104 
.0108 
.0064 
.0104 
.0166 
.0U4 
.0108 
.0U2 
.0006 


.0109 


.0120 
.0086 
.0008 
.0062 
.0100 
.0160 
.0104 
.0006 
.0104 
.0000 


.0008 


.0004 
.0018 
.0010 
.0012 
.0004 
.0026 
.0010 
.0012 
.0008 
.0006 


.0011 


I 

g 


.36 
.82 
.30 
.27 
.80 
.30 
.26 
.28 
.26 
.27 


.20 


NrraooBK 

Aa 


I 


.0080 
.0080 
.0010 
.0020 
.0090 
.0020 
.0010 
.0010 
.0010 
.0010 


.0017 


.TXXX) 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


I 

CB 

c 

6 

a 

& 

o 


.14 
.19 
.22 
.18 
.18 
.16 
.20 
.18 
.18 
.19 


.19 


1.1 
1.1 
0.8 
1.0 
0.8 
0.8 
1.1 
0.6 
0.8 
1.0 


0.9 


Odor,  faintly  vegetable  or  none.    A  faintly  vegetable  odor  was  developed  in  most  of  the  samplea  on 
heating. The  samples  were  oolleeted  from  a  ft^aoet  in  the  town  of  Oonoord. 


GhemicaX  Ezaminaiion  of  Water  from  an  Ariificial  Ice  Pond  in  Oonoord. 

[ParU  per  100,000.] 


• 

Appbabavob. 

RBSmUB  OB 
BVAPOBA- 

Ajocobxa. 

NITBOOBB 

1 

8 

TIOK. 

^ 

Am 

1 

§ 

«< 

-• 

• 

§1 

Albuminoid.     | 

• 

1 

^ 

i 

« 

1 

•3S 

1 

i 

1 

i 

1 

1 

1 

H 

r 

1 

1 

s 

ii 

to 

i 

1 

K 

1 

18»8. 

26651 

Deo.  16 

V.tllgbt. 

V.tHght. 

•~ 

4.40 

1.65 

.0008 

.0162 

.014S 

.0014 

.25 

.0000 

.0000 

.Tt 

i.t 

Odor,  none,  beooming  faintly  nnpleaaant  on  heating. -*— The  sample  waa  oolleeted  from  an  artifl- 
eial  pond  formed  by  the  oonstmcUon  of  a  small  dam  on  a  brook  which  eroeses  the  road  from  Ooneord 
Junction  to  Bast  Aoton,  Jnst  east  of  the  line  between  the  towns  of  Ooneord  and  Aeton.  The  ad  vice  of 
the  State  Board  of  Health  to  Freenum  W.  Robbins  of  Aeton,  relative  to  the  nse  of  the  water  of  this  pond 
as  a  sooroe  of  ioe  snpply,  may  be  foand  on  pages  128  and  124  of  this  volume. 
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COTTAGE  CITY* 

Water  Supply  of  Cottage  City.  —  Cottage  City  Wateb 

Company. 

Water  is  obtained  by  a  system  of  collecting  pipes,  which  collect 
the  water  flowing  from  springs  near  the  head  of  Lagoon  Pond  and 
convey  it  to  a  pmnp  well  from  which  the  water  is  pumped  for  the 
supply  of  the  town. 

Chemical  Eocaminaivm  of  Water  from  the  Springs  of  the  Cottage  City  Water 

Company, 

[Parts  per  100,000.] 


I 


s 


a 
o 

I 


S8708 
244Se 


26807 


At. 


Feb.  22 
Apr.  18 
Jwie  27 
Ang.Oi 
Not.  1 
Dee.  29 


y.eUght. 

V.aUght. 

Kone. 

None. 

None. 

V.eUglit. 


I 


Slight. 

V.ellght. 

V.iUght. 

None. 

None. 

V.  slight. 


.07 
.01 
.00 
.04 
.02 
.01 


.02 


a 

ll 

1 


3.00 
4.20 
4.70 
8.80 
4.00 
4.40 


4.17 


Ammomia. 


.0004 
.0002 
.0000 
.0004 
.0004 
.0000 

.0002 


.0010 
.0008 
.0012 
.0020 
.0010 
.0004 


.0011 


1.02 
0.06 
1.00 
0.06 
0.08 
0.09 


0.98 


SmOGMM 
▲8 


I 


i 

-c 


.0170 
.0120 
.0160 
.0090 
.0110 
.0110 

.0126 


.0000 
.0001 
.0000 
.0000 
.0000 
.0000 


.0000 


1 


f 


8 


n 


.02 
.01 
.02 
.02 
.04 
.02 


.02 


0.6 
0.6 
0.6 
0.7 
0.6 
0.6 


0.6 


d 
E 


.0110 
.0030 
.0080 
.0110 
.0080 
.0080 


.0066 


Odor,  none. Nos.  22877  and  26232  were  collected  from  the  epring,  and  the  othere  from  a  faucet  at 

the  pomplng  acation. 

Water  Supply  of  Dalton  Fire  District,  Dalton. 

The  source  of  supply  is  Egypt  Brook,  a  mountain  stream,  on 
which  two  small  reservoirs  have  been  built. 


Chemical  Examination  of  Water  Jrom  the  Reservoirs  on  Egypt  Brook, 

[Parte  per  100,000.] 


■ 

e 

1 

APPaASAHCB. 

BseiDOB  ON 

Evapora- 
tion. 

Ammonia. 

• 

H 

o 

.06 
.06 

NlTBOGBN 
AS 

1 
s 

1 

1 

1 

«2 

1 

1 

Lorn  on 
Ignition. 

• 

1 

Albamtnold. 

• 

1 

• 

8 

1 

1 

1 

t 

i 

a 

24690 
24681 

IMS. 

Sept.    7 

Sept.    7 

V.eUght. 
V.tltght. 

V.ellght. 
Slight. 

.40 
.41 

3.00 
3.26 

1.60 
1.76 

.0036 
.0010 

.0170 
.0162 

.0110 
.0124 

.0060 
.0038 

0050 
0060 

.0001 
.0001 

.56 
.61 

0.6 
0.8 

Odor  of  the  ftret  aample,  dlatlnctly  mnaty  and  nnpleaaant,  becoming  aUo  fiehv  on  heating;  of  the 
laat, none.— —The  Ant  aample  waa  collected  from  the  upper  reeerrolr,  and  the  laat  from  the  lower 
reeerroir. 
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danvers  and  middiietox, 

Water  Supply  of  Danvers  and  Middleton. 

The  sources  of  supply  are  Middleton  Pond,  or  Forest  Lake,  and 
Swan's  Pond  in  Middleton.  Middleton  Pond  has  an  area  of  90 
acres,  a  maximum  depth  of  33  feet  and  a  general  depth  of  about 
25  feet.  The  water-shed  of  1.7  square  miles  is  generally  hilly  and 
well  wooded,  and  contains  a  population  of  about  16  per  square 
mile.  There  are  about  30  acres  of  swamp  bordering  the  pond. 
Swan's  Pond,  which  is  connected  with  Middleton  Pond  by  a  pipe 
about  half  a  mile  in  length,  has  an  area  of  45  acres  and  a  water-shed 
of  0.17  of  a  square  mile.     The  water-shed  contains  no  population. 

Chemical  Examination  of  Water  from  Middleton  Pond,  MiddUion, 

[Parts  per  100,000.] 


• 

i 

1 

Appkaeavcb. 

Rbbidub  on 
Etapoba- 

TION. 

AVXOVIA. 

• 

3 

.66 

NRBoaaif 

AS 

■ 

§ 

1 

i 

1 

1 

■ 

Lobs  on 
IgniUon. 

« 

1 

Albamlnold. 

• 

s 

• 

S 

1 

a 

1 

• 

1 

pended. 

i 

21768 

18M 

Jan. 

1. 
6 

V.sUght. 

y.  Blight. 

.66 

4.00 

1.80 

.0010 

.0202 

.0184 

.0018 

.0010 

.0000 

.72 

1.6 

22046 

Feb. 

8 

y.  Blight. 

NoDe. 

.70 

4.86 

1.90 

.0016  .0176*. 0166 

.0020 

.46 

.0000 

.0000 

.76 

1.6 

22403 

Mar. 

2 

V.  Blight. 

y.  Blight. 

.00 

4.46 

1.86 

.0008  .0212  .0200 

.0012 

.36 

.0020 

.0000 

.41 

1.7 

22752 

Apr. 

V.eUgbt. 

y.  Blight. 

.71 

3.96 

1.70 

.0010 

.0216 

.0194.0022 

.46 

.0000 

.0000 

.n 

l.l 

28074 

May 

V.  alight 

y.  Blight. 

.00 

8.96 

2.00 

.0010 

.0218 

.0208  .0010 

.41 

.0000 

.0000 

.80 

1.1 

28416 

Jnne 

None. 

y.  Blight. 

.00 

4.26 

2.86 

.0006 

.0210 

.0200 

.0004 

.38 

.0020 

.0000 

.83 

1.0 

28810 

July 

SUght. 

Slight. 

.70 

3.76 

2.20 

.0004 

.0250 

.0224.0026 

.32 

.0060 

.0000 

.82 

0.8 

24686 

Sept. 

y.  Blight. 

Slight. 

.09 

4.20 

2.40 

.0014 

.0884 

.0268  .0066 

.86 

.0010 

.0000 

.98 

1.1 

24019 

Oct. 

Slight. 

Slight. 

.68 

8.90 

2.40 

.0008 

.0808 

.0284 

.0074 

.32 

.0020 

.0000 

.88 

1.1 

25246 

Nov. 

2 

None. 

None. 

.71 

4.60 

2.20 

.0006 

.0206  .0190 

.0016 

.88 

.0010 

.0000 

.94 

1.8 

26646 

Dee. 

6 

y.  alight. 

y.  alight. 

.75 
.76 

4.00 

2.20 

.0020 
.0010 

.0186 
.0229 

.0170 
.0203 

.0016 
.0026 

.84 
.89 

.0010 
.0016 

.0000 

.0000 

1 

.99 
.81 

1.0 

Av.  -- 

4.18 

2.09 

1.2 

Odor  of  Nob.  21768  and  26246,  none ;  of  the  others,  faintly  vegetable  or  mnsty,  beoomlng  generally 

stronger  on  heating. Nos.  22752, 28074, 23810  and  24685  were  eoUected  from  the  pond;  the  others, 

from  a  faacat  at  the  pumping  station. 


Water  Supply  of  Dedham. — Dedham  Water  Company. 

The  source  of  supply  is  a  covered  well  about  26  feet  in  diameter 
and  18  feet  deep,  located  about  40  feet  from  the  southerly  bank  of 
Charles  River,  near  the  thickly  settled  portion  of  the  town. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


191 


BEDHAM. 

Chemical  Examination  of  Water  from  the  Well  of  the  Dedham  Water  Company, 

[Parts  per  100,000.] 


Date  of 

CoUectlon. 

AppBAaAHoa. 

Rcaldoe  on 
Evaporation. 

Akmovia. 

i 

NlTBOOBV 
AS 

Oxygen 

Contomed. 

• 

i 

a 
•2 

& 

1 

8 

• 

1 

• 

"a 

§ 
1 

1 

1 

Albn- 
mlnold. 

i 

• 

3 

5 

• 

1 

ismn 

• 

21762 

Jan. 

6 

None. 

None. 

.00 

0.40 

.0008 

.0024 

.88 

.2400 

.0000 

.03 

4.4 

.0010 

22193 

Feb. 

14 

V.  slight. 

None. 

.04 

0.60 

.0000 

.0022 

.87 

.2200 

.0000 

.0^ 

4.2 

.0020 

22400 

Mar. 

2 

None. 

None. 

.01 

8.60 

.0010 

.0022 

.80 

.1640 

.0000 

.06 

8.6 

.0010 

22743 

Apr. 

6 

None. 

None. 

.04 

9.30 

.0010 

.0022 

.86 

.2100 

.0000 

.06 

8.9 

.0020 

23072    May 

5 

None. 

V.aUght. 

.06 

9.00 

.0010 

.0068 

.01 

.2120 

.0000 

.06 

4.2 

.0020 

23800  \  Jona 

None. 

None. 

.08 

10.60 

.0004 

.0016 

.80 

.1940 

.0000 

.06 

3.8 

.0020 

23797  '  jQly 

None. 

None. 

.08 

9.70 

.0010 

.0076 

.86 

.1640 

.0000 

.06 

3.8 

.0010 

241M    Aog. 

V.aHffht. 

None. 

.04 

8.00 

.0000 

.0068 

.67 

.1200 

.0000 

.07 

8.8 

.0000 

24682    8«pt. 

None. 

V.elight. 

.01 

10.60 

.0008 

.0010 

.80 

.1640 

.0000 

.06 

3.6 

.0060 

24021     Oet. 

None. 

None. 

.00 

10.10 

.0000 

.0010 

.90 

.2400 

.0000 

.08 

4.0 

.0050 

2fi235  '  Not. 

2 

None. 

None. 

.00 

8.70 

.0000 

.0038 

.n 

.1880 

.0000 

.09 

3.8 

.0010 

2SM]     Dee. 

0 

None. 

None. 

.08 
.02 

0.00 

.0000 

.0086 

.76 

.1680 

.0000 

.04 

8.8 

.0010 

Av... 

9.48 

.0006 

.0083 

.82 

.1895 

.0000 

.06 

3.0 

.0020 

Odor,  Bono.— Noa.  21702, 22102, 22400, 22743  and  28896  were  ooUeoted  from  a  faaeet  at  the  pamplng 
etalloo ;  the  othera,  from  the  well. 


Water  Supply  of  East  Bridge  water. 

(See  Bridgewater,) 

Water  Supply  of  Easthampton. 

Chemical  Examination  of  Water  from  Bassett  Brook^  Easthampton. 


[Pans  per  100,000.] 

1 

BsaiDDB  ox 

• 

1 

Appbabavob. 

Evapora- 
tion. 

Amxovia. 

1 

UriBOOBK 
AS 

1 

^» 

^ 

1 

1* 

• 

s 

Alt] 

»nmln< 

1 

)id. 

• 

1 

^ 

1 

i 

1 

I 

1 

H 

■3? 

& 

1 

00 

1 

s 

1 

iS 

18«8. 

24506 

Bept.  7 

SUfbt. 

SUgtat. 

.28 

4.80 

1.45 

.0028 

.0098 

.0064 

.0014 

.11 

.0080 

.0000 

.29 

1.6 

Odor,  oooe,  beeomtng  faintly  unpleasant  on  heating. Basaett  Brook  drains  an  area  of  6.9  square 

railea,  which  contains  a  small  population. 
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BASTON. 

Water  Supply  of  North  Easion  Village  Districi,  Easton. 

Vhemi£al  Examination  of  Water  from  the  Weil  of  the  North  Eatton  VUlage 

District. 
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Odor,  Banc. No.  XI800  wu  eoUaoted  tiom  tha  wall ;  tta*  Dthan,  from  ■  tuioM  it  tfaa  pomplni 

Enfield. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Enfield, 
relative  to  taking  certain  springs  in  that  town  as  sources  of  water 
supply,  may  be  found  on  pages  10  and  11  of  this  volume.  During 
the  investigations  which  were  made  by  the  Board  analyses  were 
made  of  samples  of  water  from  various  sources  in  the  town,  the  re- 
sults of  which  are  given  in  the  following  table :  — 
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Water  Supply  op  Everett. 

(See  Meirqpolitan  Water  Distridj  pages  133-160.) 
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EVEBETT. 


Water  Supply  of  Fairhaven.  —  Fairhaven   Water  Company. 

A  communication  from  the  State  Board  of  Health  to  the  board  of 
health  of  Fairhaven,  with  regard  to  the  action  of  the  water  supplied 
by  the  Fairhaven  Water  Company  on  lead  pipes  used  as  service 
pipes  in  connection  with  the  public  water  supply,  may  be  found  on 
pages  11  and  12  of  this  volume. 

The  public  water  supply  is  drawn  from  a  system  of  tubular  wells, 
having  an  average  depth  of  about  35  feet,  located  in  the  valley  of 
the  Nasketucket  River.  The  wells  are  located  on  both  sides  and  in 
the  bed  of  the  river,  which  is  a  small  and  shallow  stream,  and  cover 
an  area  of  approximately  300  feet  in  length  in  a  northerly  and 
southerly  direction  by  about  130  feet  in  width. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Fairhaven  Water 

Company, 

[Parts  per  100,000.] 
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Odor  in  October,  faintly  eerthy;  at  other  tlmee,  none.— The  eamples  were  collected  from  a  faucet 
at  the  pvmping  etatlon. 


194 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


fax.i-  riveb. 

Water  Supply  of  Fali^  River. 

The  source  of  supply  is  North  Watuppa  Lake  in  Fall  River. 
This  lake  has  an  area,  when  full,  of  about  2.8  square  miles,  and  a 
water-shed  of  11.17  square  miles,  which  contains  a  considerable 
population.  The  water  flowing  out  of  North  Watuppa  Lake  passes 
into  the  South  Watuppa  Lake,  which  is  not  used  as  a  source  of 
public  water  supply. 


ChemicoU  Examination  of  Water  from  North  Waluppa  Lake. 

[ParU  per  100,000.] 
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*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
nsed  In  making  the  average. 

Odor,  faintly  vegetable  or  none.   A  vegetable  odor  was  developed  in  most  of  the  samples  on  lieatittg. 
^— The  samples  were  collected  from  the  lake. 
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Xicroaoopicai  Examination  of  Water  from  North  Waluppa  Lake. 

[NomlHr  of  arfuIaiD*  par  onblo  ctflillnialer.] 
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Chemical  Examination  of  Water  from  South  Waluppa  Lake. 
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FAIili  RIVKB. 

Microscopical  ExamituUion  of  WcUer  from  South  WcUuppa  Lake. 

[Number  of  organiimt  per  enbie  eeotlmeler.] 
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Water  Supply  op  FrrcHBURa. 

The  sources  of  supply  are  storage  reservoirs  upon  Scott  and 
Falulah  brooks  in  Fitchburg,  and  Meetinghouse  Pond  in  Westmin- 
ster. The  reservoir  on  Scott  Brook  has  an  area  of  35  acres,  a 
maximum  depth  of  40  feet  and  a  capacity  of  210,000,000  gallons. 
Its  drainage  area  of  0.77  of  a  square  mile  contains  a  population  of 
about  55  per  square  mile. 

Falulah  Reservoir,  which  is  of  small  capacity,  is  situated  a  short 
distance  below  Scott  Reservoir,  at  the  junction  of  Scott  and  Falulah 
brooks.  It  has  a  water->shed  of  3.05  square  miles,  exclusive  of  the 
drainage  area  of  Scott  Reservoir,  which  is  tributary  to  it,  and  this 
area  contains  30  persons  per  square  mile. 
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FITCHBtTRG* 

Meetinghouse  Pond  is  situated  in  the  town  of  Westminster, 
about  6.5  miles  south-west  of  the  city.  The  area  of  the  pond  is 
152  acres,  and  its  water-shed  of  1.47  square  miles  contains  about 
95  persons  per  square  mile. 

Chtmical  Examination  of  Water  from  8coU  Reservoir^  Fitchburg, 

[ParU  per  100,000.] 
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Odor  of  No.  23964,  distinctly  mosty  and  unpleasant;  of  the  others,  none,  beooming  vegetable  00 
hftailag. 

Microscopical  Ezaminatio7i  of  Water  from  Scott  Reservoir,  Fitchburg, 

[Kamber  of  organisms  per  eubio  centimeter.] 
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FITCHBTJKG, 

Chemical  Examination  of  Water  from  Meetinghouse  Pond^  Westminster. 

[Parte  per  100,000.] 
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Odor  of  the  first  two  samples,  none;  of  the  last  two,  none,  becoming  vegetable  on  heating. 

Microscopical  Examination, 

In  the  sample  examined  In  January,  264  IHnobryfm  per  cubic  centimeter  were  found.    An  Inalgnlfl. 
eant  number  of  organlams  waa  found  In  the  remaining  samples. 


Water  Supply  of  Foxborough  Water  Supply  District,  Fox- 

BOROUGH. 

The  source  of  supply  is  a  system  of  24  two-inch  tubular  wells, 
in  the  vicinity  of  the  Neponset  Eeservoir.  The  wells  are  sunk  in 
porous  gravel  to  a  depth  of  from  23  to  50  feet.  There  is  no  pop- 
ulation in  the  immediate  vicinity  of  the  wells. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Foxborough  Water 

Supply  District, 

[Parts  per  100,000.] 


* 

APPKAHAirOK. 

• 

Amvomia. 

NinooBir 

1  i 

Q 

§1 

u 

AS 

Oxygen 

Conanm 

a 

1 

« 

«i 

1 

i 

a 

< 

1 

• 

•> 

• 

e 
2 

1S98. 

22047 

Feb.    2 

None. 

V.alight. 

.00 

8.00 

.0002 

.0010 

.41 

.0880 

.0000 

.02 

1.0 

.0000 

22761 

Apr.    6 

None. 

None. 

.00 

8.20 

.0000 

.0010 

.80 

.0460 

.0000 

.01 

1.0 

.0040 

23864 

Jone    1 

None. 

None. 

.00 

8.60 

.0000 

.0006 

.40 

.0460 

.0000 

.01 

1.0    .0010 

24182 

Aug.  8 

None. 

None. 

.00 

8.60  > 

.0000 

.0006 

.40 

.0460 

.0000 

.01 

1.0    .0000 

24887 

Oct.    8 

V.alight. 

None. 

.02 

4.20 

.0000 

.0004 

.40 

.0460 

.0000 

.04 

1.0    .0060 

26661 

Deo.    6 

None. 

None. 

.00  < 
.00 

4.70 

.0000 

.0000 

• 

.40 

.0640 

.0000 

.01 

0.8 

.0060 

1 

.0028 

Av... 

8.86 

.0000 

.0006 

.40 

.0468 

.0000 

.08 

1.0 

.......... 

Odor  I  none. The  eamplee  wore  oolleeted  from  a  faucet  at  the  pumping  station. 
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FRA.MINGHAM. 

Water  Supply  of  FRAiaNGHAM.  —  Framinqham  Water 

Company. 

The  source  of  supply  is  a  filter-gallery  on  the  shore  of  Farm 
Pond  in  South  Framingham.  The  filter-gallery  is  450  feet  long,  4 
feet  high  and  from  42  to  48  inches  wide,  the  bottom  being  about  6 
feet  below  the  surface  of  the  water  in  the  pond.  A  part  of  the 
gallery  extends  beneath  the  edge  of  the  pond,  and  at  some  places 
there  are  but  2  feet  of  sand  between  the  top  of  the  arch  of  the 
filter-gallery  and  the  bottom  of  the  pond  above  it.  The  arch,  how- 
ever, is  water-tight,  and  water  from  the  pond  cannot  enter  the 
filter-gallery  without  passing  through  at  least  5  feet  of  sand. 

Chemical  Examination  of  Water  from  the  Filier^gallery  of  the  Framingham  Water 

Company, 

[Parts  per  100,000.] 


Date  Of 

Collection. 

Appsabavcb. 

Residae  on 
Evaporation. 

Ammovia. 

Nmtoon 

AS 

1 

1^ 

• 

6 

2 

«2 

a 

9 

1 

1 

Albn- 
mlnold. 

1 

1 

1 

tvne 

1899. 

Jao.    4 

Slight. 

Slight. 

.08 

7.80 

.00«2 

.0062 

0.07 

.0410 

.0001 

.06 

8.0 

.0060 

2UB0 

Kar.    7 

V.  alight. 

V.  slight. 

.02 

6.00 

.0068 

.0066 

0.81 

.0280 

.0000 

.18 

8.1 

.0070 

S8098 

May    9 

None. 

None. 

.04 

7.00 

.0020 

.0024 

0.88 

.0420 

.0002 

.06 

8.8 

.0040 

23S47 

July  n 

None. 

V.  slight. 

.00 

7.16 

.0008 

.0006 

0.08 

.0160 

.0001 

.07 

8.0 

.0040 

2M06 

Sept.  12 

V.  slight. 

V.slight. 

.06 

6.70 

.0018 

.0002 

0.02 

.0140 

.0000 

.14 

8.1 

.0100 

S62M 

Not.    7 

None. 

V.  slight. 

.05 

0.20 

.0026 

.0040 

0.00 

.0410 

.0001 

.06 

8.1 

.0140 

Averages  by  Tears. 


. 

1888 

1 

- 

.10 

6.81 

.0027 

.0081 

0.44 

.0808 

.0004 

- 

• 

- 

- 

188» 

- 

- 

.00 

6.18 

.0001 

.0060 

0.66 

.0666 

.0002 

- 

- 

- 

- 

1800 

- 

- 

.00 

7.00 

.0030 

.0088 

0.66 

.0681 

.0001 

- 

8.0 

- 

- 

1801 

- 

- 

.00 

6.26 

.0028 

.0085 

0.68 

.0707 

.0001 

- 

2.8 

- 

- 

1803 

- 

- 

.04 

6.07 

.0026 

.0088 

0.62 

.0460 

.0001 

.11 

2.6 

.0000 

- 

1894 

- 

- 

.08 

6.75 

.0025 

.0048 

0.70 

.0615 

.0001 

.06 

2.8 

.0272 

- 

1806 

- 

- 

.04 

7.82 

.0020 

.0040 

0.02 

.0230 

.0000 

.07 

8.0 

.0130 

- 

1896 

- 

- 

.04 

7.87 

.0022 

.0040 

0.01 

.0817 

.0002 

.04 

8.2 

.0146 

- 

1897 

- 

- 

.04 

7.00 

.0021 

.0076 

1.00 

.0246 

.0001 

.06 

8.8 

.0072 

- 

1898 

- 

- 

.05 

7.46 

.0080 

.0065 

0.00 

.0608 

.0001 

.00 

8.2 

.0000 

Nom  to  aaalyaee  of  1808 :  Odor,  none. 
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fbanklix. 
Water  Supply  of  Franklin.  —  Franklin  Water  Company. 

The  sources  of  supply  are  two  large  wells  and  Beaver  Pond. 
The  wells  are  about  15  feet  apart,  and  are  located  about  150  feet 
from  Mine  Brook,  on  the  northerly  side  of  the  village  of  Franklin. 
When  the  wells  do  not  furnish  a  suflScient  supply,  water  is  drawn 
from  Beaver  Pond,  which  has  an  area  of  about  33  acres  and  a  water- 
shed of  about  0.44  of  a  square  mile,  including  the  area  of  the  pond. 
The  population  on  the  water-shed  is  very  small.  There  is  much 
swampy  land  about  the  pond,  and  the  water  is  highly  colored  by 
vegetable  matter. 


Chemical  Examinaiion  of  Water  from  the  Wells  of  the  Franklin  Water  Company, 

[Parts  per  100,000.] 


Date  or 

Collection. 

APPKARAirOS. 

A 

AmcosxA. 

• 

1 

3 

KXTBOOBir 
AS 

Oxygen 

Coniamcd. 

i 

1 

s 

a 

6 

«i 

1 

1 

• 

1 

r 

1 

SQ 

• 

22078 

1S98. 

Feb.    5 

V.sllgbt. 

y.  slight. 

.46 

6.60 

.0016 

.0004 

.86 

.1100 

.0000 

.42 

8.1 

ito 

22781 

Apr.   6 

V.ellght. 

V.  slight. 

.05 

8.80 

.0010 

.0024 

.00 

.2800 

.0000 

.09 

8.6 

.0060 

23880 

June  8 

None. 

v.  slight. 

.10 

0.60 

.0002 

.0080 

.86 

.2060 

.0000 

.14 

8.6 

.0060 

24180 

Ang.  2 

Slight. 

SlighU 

.20 

0.00 

.0014 

.0068 

.60 

.0860 

.0001 

.28 

2.0 

.0200 

24977 

Oct.  11 

v.  slight. 

V.sllgbt. 

.07 

8.70 

.0000 

.0080 

.86 

.1400 

.0000 

.11 

8.4 

.0180 

25544 

Dec.    0 

V.elight. 

V.sUght. 

.12 
.17 

8.70 

.0000 

.0010 

.86 

.8200 

.0000 

.07 

8.8 

.0000 

At*«. 

8.68 

.0007 

.0047 

.64 

.1068 

.0000 

.18 

8.4 

.0098 

Odor,  none.    A  faintly  nnpleassnt  odor  wss  dereloped  In  No.  24180  when  heated. ^^ The  first 
sanapJe  was  collected  from  a  faacet  at  the  pamping  station ;  the  other  sainples,  from  the  well. 
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6ABDNEB. 

Water  Supply  of  Gardneb.  —  Gardner  Water  Company. 

The  soarce  of  supply  is  Crystal  Lake  in  the  town  of  Gardner. 
The  area  of  the  lake  is  154  acres,  and  its  maximum  depth  is  about 
40  feet.  Its  drainage  area  of  0.94  of  a  square  mile  contains  a 
population  of  about  490  persons  per  square  mile. 

Chemical  Examination  of  Water  from  Crystal  Lake^  Gardner, 

[ParU  per  100,000.] 


a 

s 


a 

6 


2um 

2841S 
SMM 
SUM 


Av. 


18»8. 
Mat.    7 

JviM    6 

8«pt.20 

Dee.    0 


Appxabavcb. 


5 


i 


V.sltglit. 
V.tNghi. 
V.  slight. 
V.  slight. 


y.  slight. 
V.  slight. 
V.sUght. 
V.sllght. 


.07 
.08 
.00 
.10 


.08 


KUIDUB  ON 

BVAPOBA- 

TIOK. 


I 


I 


I 

I 


8.76 
8.70 
8.10 
8.80 


8.46 


1.90 
1.66 
1.26 
1.16 


1.81 


AVMOIOA. 


i 


Albnminold. 


•2 

1 


I 

a 

so 


.0080 
.0020 
.0004 
.0004 


.0014 


.0188 
.0102 
.0190 
.0090 


.0162 


.0124 
.0166 
.0160 
.0084 


.0014 
.0026 
.0080 
.0006 


e 


.0188  .0019 


.40 
.87 
.87 
.36 


.87 


NiTBOQBM 

At 


s 


.0110 
.0160 
.0010 
.0060 


.0082 


.0000 
.0001 
.0000 
.0000 


.0000 


a 


a 

o 


.26 
.24 
.22 
.22 


.28 


3 


1.1 

1.0 
1.8 
1.4 

1.2 


Odor,  none.    On  heating,  mi  odor  was  deTeloped  In  three  of  the  samples,  the  odor  In  December 

being  disdoctljr  fishy. The  first  sample  was  collected  from  a  faaeet  in  the  town;  the  others,  from 

the  lake. 


Water  Supply  of  Gloucester. 

The  sources  of  supply  are  Dike's  Brook  Reservoir  and  "Wallace 
Pond  in  West  Gloucester.  Dike's  Brook  Reservoir  was  formed  by 
flooding  meadows,  from  which  the  soil  was  not  removed.  The  area 
of  this  reservoir  is  57.6  acres »  its  average  depth  12.5  feet  and  its 
storage  capacity  235,000,000  gallons.  The  reservoir  has  a  water- 
shed of  0.68  of  a  square  mile,  which  is  uninhabited. 

Wallace  Pond  is  an  artificial  storage  reservoir,  covering  an  area 
of  24  acres,  from  which  the  soil  was  not  removed.  The  pond  has 
an  average  depth  of  8  feet  and  a  capacity  of  63,000,000  gallons. 
Its  water-shed  of  0.29  of  a  square  mile  contains  a  small  area  of 
swamp,  bat  is  uninhabited. 
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GI«OTTCRSTEB. 

Chemical  Examinaiion  of  Water  fr(mi  Dike's  Brook  Storage  Reservoir^  QUmeeeier. 

[Parts  per  100,000.] 


■ 

i 

s 

APPBABAVCB. 

Rksiddb  om 

EVAFOIU- 
TIOH. 

AncovxA. 

• 
a 
"C 

Si 

.87 
.84 
.78 
.91 

.84 

NITBOOBR 
AS 

2 

a 
1 

1 

o 

• 

1 

1 
1 

i 
P 

1 

Albuminoid. 

i 
s 

1 

1 

S 

• 

1 

5 

• 

IB 

4 

1 

22680 
28721 
24843 
25881 

1898. 

Mar.  29 

Jane  28 
Sept.  28 
Dee.  19 

V.slight. 
Slight. 
Slight. 
V.slight. 

V.slight. 
Blight. 
Cods. 
V.slight. 

.40 
.21 
.40 
.42 

.38 

8.05 
4.06 
3.9ft 

4.00 

1 

1.60 
1.60 
1.66 
1.86 

.0002 
.0006 
.0002 
.0060 

.0018 

.0168 
.0176 
.0286 
.0160 

.0182 

.0148 
.0128 
.0160 
.0188 

.0148 

.0020 
.0048 
.0076 
.0012 

.0039 

.0080 
.0010 
.0020 
.0040 

.0087 

.0000 
.0000 
.0001 
.0001 

.0000 

.86 
.83 
.48 
.60 

0.8 
0.8 
0.6 
0.6 

Ay... 

1 
8.76 

1.60 

.41     0.4 

Odor  of  the  first  two  samples,  faintly  nrasty ;  of  the  Ust  two,  faintly  vegetable. 

Microscopical  Examination, 

The  number  of  organisms  per  cubic  eentimeter  found  in  the  sample  collected  In  September  was  1,322, 
consisting  chiefly  of  the  organism  Syiudra.  An  insignificant  number  of  organisms  was  found  in  the 
remaining  samples. 


Chemical  Examination  of  Water  from  Wallace  Pond,  Gloucester. 

[Parts  per  100,000.] 


22679 
28722 
24844 
26682 


Av. 


8 

O 
« 

Q 


1898. 
Mar.  29 

June  28 

Sept.  28 

Dee.  19 


Appbasavob. 


1 


G 

a 


i 


Slight. 
Decided. 
Slight. 
V.allghU 


SUght. 
Cons. 
Cons. 
V.slight. 


.40 
.80 
.66 
.46 


.46 


Rbsiddb  om 

EVAPOBA- 
TIOH. 


I 
Si 


i 


8.90 
4.80 
4.66 
4.76 


4.37 


1.60 
1.60 
1.80 
2.00 


1.72 


AMXOirxA. 


i 


Albuminoid. 


I 


.0006 

.0004 
.0006 
.0000 


.0224 
.0264 
.0276 
.0244 


•a 
•I 


e 


.0188 
.0206 
.0228 
.0180 


.00041.0249  .0188 


.0086 
.0048 
.0048 
.0064 


.0061 


c 

o 


1.01 
1.02 
0.93 
1.18 


NiTROOBM 
AS 


1.08 


.0070 
.0010 
.0010 
.0010 


.0026 


.0000 
.0000 
.0000 

.0000 


.0000 


e 

a 
s 


.42 
.64 
.68 
.62 


.61 


0.6 
0.6 
0.6 
0.8 


0.6 


Odor  of  the  first  two  samples,  distinctly  musty,  becoming  also  fishy  on  healing;  of  the  third,  faintly 
vegetable,  becoming  distinctly  vegetable  on  heating;  of  the  last,  none,  becoming  faintly  vegetable  and 
dleagreeable  on  heating. 

Microscopical  Examinaiion, 

The  number  of  organisms  per  cubic  centimeter  found  In  the  June  sample  was  784,  and  in  the  Sep- 
tember sample,  1022,  consisting  chiefly  of  the  organism  Synedra,  An  Insignificant  number  of  organisms 
was  found  in  the  remaining  samples. 
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OBAFXON« 

Water  Supply  of  Grafton.  —  Grafton  Water  Company. 

Ckemieal  Examination  of  Water  from  the  Filler^aUery  of  the  Orafton  Water 

Company, 

[ParU  per  100,000.] 


■ 

g 

Appbasavcb. 

1    § 

AMMOinA* 

NiTROOBV 

^ 

s 

s 

AS 

s 

• 

6 

• 

^ 

§1 

1 

Albu- 
mlnotd. 

1 

i 

i 

S 

0 

1 

i 

1 

« 

189S. 

24471 

Aug.  29 

V.  alight. 

V.sUgbt. 

.04 

11.80 

.0004 

.0030 

1.40 

.1800 

.0002 

.06 

8.6 

.0140 

Odor,  none. The  aample  was  oolleoted  from  a  fanoet  at  the  offioe  of  the  water  oompany. 


Water  Supply  of  Greenfield. 

The  source  of  supply  is  Glen  Brook  in  Ley  den,  on  which  a  stor- 
age reservoir  has  been  built.  The  reservoir  has  an  area  of  5.26 
acres,  a  maximum  depth  of  32  feet  and  a  capacity  of  18,000,000 
gallons.  The  drainage  area  of  the  reservoir  is  5.36  square  miles, 
consisting  principally  of  mountainous  country  and  contains  a  popu- 
lation of  54  persons  per  square  mile.  The  supply  from  Glen  Brook 
Reservoir  is  supplemented  at  times  by  pumping  dipectly  from  Green 
River,  the  water-shed  of  which  contains  a  small  population. 

Daring  the  year  1898  four  samples  of  water  were  collected  from 
faucets  in  the  town  which  were  supplied  with  water  from  the  Glen 
Brook  Reservoir,  the  average  of  these  analyses  being  as  follows :  — 


Chemical  Examination  of  Water  fr&in  Qlen  Brook  Storage  Reservoir  in  Leyden, 

[Parte  per  100,000.] 


i 

6 

Rksidvb  ov 

EVAPOBA- 

noK. 

Ammohia. 

• 

a 
1 

O 
.10 

NlTBOOBV 

AS 

• 

s 

s 

6 

a 

5 

^ 

§1 

r 

Albamlnoid. 

• 

1 

S 

1 

H 

t 

Sus- 
pended. 

• 

1 

1 

ATerage  of  foar  samplee  collected  to 
MAreh,  June*  8«pt«mber  and  Decern, 
ber,  1806. 

.07 

4.91 

0.97 

.0006 

.0064 

.0047 

.0007 

.0102 

.0000. 

.10 

2.8 

OdoFt  none. 
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GBOTON. 

Wateb  Supply  of  Groton.  —  Groton  Water  Company. 

The  Groton  Water  Company  applied  to  the  State  Board  of  Health 
Dec.  30,  1897,  for  the  approval  by  the  Board,  under  the  provisions 
of  chapter  388  of  the  Acts  of  1895,  of  the  taking  of  certain  sources 
of  water  supply  and  lands  in  that  town.  The  reply  of  the  Board  to 
this  application  may  be  found  on  pages  12  and  13  of  this  volume. 

The  source  of  supply  is  a  covered  masonry  well,  located  about 
50  feet  from  the  south-westerly  shore  of  Baddacook  Pond  in  Groton. 
The  bottom  of  the  well  is  10  feet  below  the  ordinary  water  level  in 
Baddacook  Pond.  The  works  were  constructed  in  1897,  and  be- 
ginning with  January,  1898,  analyses  have  been  made  of  samples 
collected  from  the  pond  and  well  each  month. 


Chemical  Estaminaiion  of  Water  from  the  Well  of  the  Oroton  Water  Company, 

[ParU  per  100,000.] 


1 

Appiabanor. 

1 

AlIlfOVIA. 

KiTBOOay 

AS 

• 

1 

B 

B 

Date  of 

CoIIe< 

• 

*t 

i 

S 

§1 

U 

1 

i 

ii 

6 

i 
s 

S 

» 

i 

i 

e 

1 

21783 

1S98. 

Jan.    6 

None. 

V.  alight. 

.02 

8.80 

.0010 

.0018 

.20 

.0070 

.0001 

.01 

2.0 

.0050 

22160 

Feb.  10 

V.  alight. 

None. 

.02 

2.00 

.0004 

.0028 

.18 

.0080 

.0000 

.02 

2.0 

.0080 

22370 
22T83 

Feb.  28 
Apr.   8 

Slight, 

milky. 
None. 

V.  alight 
None. 

.07 
.00 

4.40 
8.80 

.0006 
.0000 

.0018 
.0006 

.20 
.17 

.0070 
.0050 

.0001 
.0000 

.02 
.02 

2.8 
2.2 

.0120 
.0080 

23105 

May  17 

None. 

None. 

.04 

4.00 

.0004 

.0012 

.28 

.0070 

.0001 

.02 

2.0 

.0020 

28881 

Jnne  28 

None. 

None. 

.04 

4.00 

.0000 

.0012 

.21 

.0070 

.0000 

.01 

2.0 

.0010 

28821 

Jaly    6 

V.  slight. 

None. 

.02 

8.70 

.0004 

.0010 

.22 

.0070 

.0000 

.02 

2.0 

.0050 

245T6 

Sept.  7 

None. 

None. 

.01 

4.10 

.0000 

.0002 

.18 

.0000 

.0000 

.02 

2.0 

.0110 

24088 

Oet.    7 

y.  alight. 

None. 

.07 

4.00 

.0000 

.0020 

.10 

.0000 

.0001 

.01 

2.0 

.0140 

26201 

Nov.   7 

V.  alight. 

None. 

.08 

6.60 

.0000 

.0008 

.18 

.0040 

.0000 

.05 

2.1 

.0180 

26587 

Dec.    9 

None. 

None. 

.01 
.08 

4.60 

.0008 

.0006 

.17 

.0140 

.0000 

.01 

2.2 

.0010 

Av. .. 

8.08 

.0008 

.0018 

.10 

.0076 

.0000 

.02 

2.2 

.0068 

Odor,  none.  »->  The  eamplea  were  oollocted  from  •  faaeet  at  the  pumping  atation. 
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GBOTON. 

Chemical  Examination  of  Water  from  Baddacook  Pond^  Oroton, 

[Parte  per  100,000.] 


8 
1 

Appbabavob. 

RseiDDB  OH 

£yAPOBA- 
TION. 

AmiOBIA. 

.26 

NITIOOBR 
AB 

1 

8 

1 

1 

1 

1 

H 

4 
r 

1 

Albuminoid.     ' 

• 

i 

S 

1 

• 

1 
1 

Sus- 
pended. 

1 

817S2 

1S»8. 

Jan.     6 

Slight. 

Slight. 

.66 

6.46 

2.60 

.0023 

.($812 

.0278 

.0084 

.0070 

.0001 

.69 

2.7 

2nM 

Feb.  10 

Decided. 

Cone. 

.60 

6.46 

1.86 

.OOM 

.0884 

.0812 

.0022 

.26 

.0080 

.0008 

.66 

2.6 

2SS78 

Feb.  88  : 

V.iHgbt. 

V.ellght 

.60 

4.80 

1.60 

.0006 

.0180 

.0148 

.0082 

.17 

.0070 

.0002 

.62 

2.6 

22788 

Apr.    8 

Blight. 

SUght. 

.76 

6.46 

8.16 

.0002 

.0160 

.0182 

.0028 

.10 

.0180 

.oooJ 

.66 

8.8 

SSIM 

May  17 

V.ellght. 

V.ellght. 

.76 

6.76 

3.10 

.0010 

.0828 

.0208 

.0020 

.82 

.0120 

.0(K>1 

.78 

2.8 

SM80 

Jane  83 

V.eUght. 

Blight. 

.49 

6.60 

3.06 

.0082 

.0242 

.0804 

.0088 

.20 

.0080 

.0001 

.68 

8.8 

S88S0 

Jaly    0 

Slight. 

SHght. 

.46 

6.40 

2.80 

.0012 

.0274 

.0846 

.0028 

.28 

.0010 

.000« 

.68 

8.8 

84575 

B«pt.  7 

V.ellght. 

Blight. 

.41 

6.90 

2.66 

.0006 

.0248 

.0812 

.0080 

.82 

.0020 

.0000 

.67 

8.8 

Sl«87 

Oct.     7 

V.ellght. 

Slight. 

.88 

6.60 

8.26 

.0008 

.0828  .0208 

.0020 

.19 

.0000 

.0000 

.69 

2.8 

251M 

Nov.    7 

SHght. 

Blight. 

.46 

6.00 

8.60 

.0010 

.0808  .0180 

.0028 

.18 

.0080 

.0001 

.66 

8.8 

2S586 

Dm.    9 

V.ellght. 

V.ellght. 

.58 

.64 

6.06 

1.90 

.0006 
.0013 

.0182 
.0281 

.0116 
.0204 

.0016 
.0027 

.24 
.21 

.0060 
.0066 

.0001 
.0001 

.68 
.66 

8.8 

Av. .. 

6.68 

8.16 

8.4 

Odor,  faiotly  vegetable  or  none. 


Microscopical  Examination  of  Water  from  Baddacook  PoTid,  Oroton. 

[Namber  of  organleme  per  enbio  eentlmeter.] 


1898. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Sept 


Oct 


Nor. 


Dec. 


Day  of  ezambiatlon,  . 
Koaaber  of  aanople,     • 

PLAirrs. 

Dlatomaoeflo. 

AetorloDollft, 
Cyelotella,     •       • 
Meloelra,      ^ 
Synadra, 
l^boUaita.    . 

OyanopbyoasBt   • 
Mlorooyctte,*      • 

AlffSB 


10 
81782 


14 
22160 


1 

22878 


18 
22782 


18 
28194 


87 

88680 


7 
128820 


8 
34676 


10 

24087 


9 
26290 


12 
25686 


0 
0 
0 
'0 
0 


0 
0 


0 
0 
0 

1 

0 


0 
0 


0 
0 
0 
0 
0 


I 

0 


110 

16 

8 

44 

84 
6 


0 
0 


188 

26 
61 
19 
17 
4 


0 
0 

18 


167 

19 

182 

0 

6 

0 


148 

0 

104 

28 

8 

8 


16 
14 


19 

0 
8 
0 
8 
14 


11 
0 


80 
6 

28 
8 

84 


t 
0 


186 

6 

186 

16 

881 


0 
0 


281 

808 
0 

18 
6 

18 


0 
0 

0 
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OBOTON. 

Microscopical  ExamincUion  of  Water  from  Baddacook  Pond^  Oroton — CoDcludcd. 

[Narober  of  organltmi  per  eabic  eentimeter.] 


189S. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Sept 

Oct. 

Nov. 

Deo. 

AinMALS. 

BhlBopoda, 

0 

0 

0 

0 

0 

0 

0 

1 

0 

Inftisorla, 

in 

479 

8 

n 

^ 

8 

17 

18 

12 

IS 

Dinobryoo,   

Peridtnlam, 

Trachelomooaa, 

VortioeUa, 

124 
0 

1 
0 

47« 
8 
0 
0 

0 

4 
4 
0 

21 
2 
2 
0 

8 
0 

1 
0 

0 
2 
2 

4 

0 
8 

1 
8 

10 

1 
0 
8 
0 

12 
2 

0 
0 

Vermes 

7 

1 

1 

0 

0 

0 

6 

0 

0 

OruBtacea, 

pr. 

0 

0 

0 

0 

0 

pr. 

0 

0 

MUcellaneou9t  ZoiSglosa,    .... 

0 

8 

8 

0 

8 

5 

5 

i 

5 

8 

Total, 

188 

484 

181 

180 

172 

178 

88 

121 

614 

849 

Hanson. 

Chemical  Examination  of  Waler  from  Maquam  Pond  in  Hanson, 

[Parte  per  100,000.] 


• 

1 

8 

26578 

1998. 

Dec.    7 

26876 

Deo.  10 

26876 

Deo.  10 

26806 

Deo.  28 

26674 

Deo.    7 

26677 

Deo.  10 

Appsabahcb. 


V.  alight. 
V.  alight. 
V.  alight. 
V.ellght. 
None. 
V.  alight. 


V.ellght. 

V.eUght. 

V.ellght. 

Slight. 

V.ellght. 

V.ellght. 


.09 
.10 
.10 
.08 
.30 
.20 


Kksiodb  oil 

EVAPOKA- 

TIOV. 

^ 

Si 

s 

r 

2.26 

1.00 

2.76 

1.00 

2.95 

1.00 

2.40 

1.16 

4.86 

2.20 

8.60 

1.26 

AXHOHIA. 


Albuminoid. 

■i 

i 

• 

■o 

i 

m 

1 

a 

tk 

H 

a 

00 

.0002 
.0000 
.0002 
.0000 
.0004 
.0008 


.0102 
.0110 
.0122 
.0118 
.0070 
.0122 


.0146 
.0104 
.0114 
.0106 
.0062 
.0000 


.0016 
.0012 
.0008 
.0012 
.0014 
.0082 


G 

TZ 


0.61 
0.74 

o.n: 

0.66 
1.06 
0.96 


NiTBOOKR 

Aa 


9> 

>»5 


i 


.0000 
.0000 
.0010 
.0010 
.0000 
.0010 


.0000 
.0001 
.0000 
.0000 
.0000 
.0001 


1 

fi 

a 

m 

I 

8 

o 


.16 
.18 
.14 
.28 
.42 
.88 


i 

a 

S 


0.8 
0.0 
0.2 
0.0 
0.6 
0.6 


Odor  of  the  eeoond  eample,  none,  beoomlng  dleUnetly  flehy  and  unpleaaant  on  heating ;  of  the  othere, 

none,  becoming  very  faintly  vegetable  on  heating. The  flrat  two  eamplee  were  oolleoted  from  the 

northerly  end  of  the  pond,  near  the  ahore;  the  third,  from  the  aoatherly  end,  about  200  foet  from  the 
ehore;  the  fourth,  from  the  eontherly  end,  about  80  feet  from  the  outlet  of  the  pond;  the  laat  two,  from 
the  brook  flowing  from  the  pond,  about  100  feet  from  the  pond. 

Theee  examlttattone  were  made  in  eonneotlon  with  an  Inyeetigatlon  of  poeelble  iourooi  of  water 
aupply  for  the  town  of  Wldtmaa. 
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HABVABD. 


Harvard. 


The  advice  of  the  State  Board  of  Health  to  the  board  of  health 
of  Harvard,  relative  to  the  quality  of  the  water  of  a  well  in  that 
town  which  is  used  by  the  public  for  drinking  purposes  and  largely 
used  by  the  pupils  in  one  of  the  public  schools,  may  be  found  on 
page  13  of  this  volume.  The  results  of  analyses  of  two  samples  of 
water  collected  from  the  well  are  given  in  the  following  table  :  — 

Chemical  ExamincUion  of  Water  from  a  Well  in  Harvard. 

[Parts  per  100,000.] 


Date  of 

Collection. 

▲ppbasakcb. 

Residue  on 
Evaporstion 

Amkohia. 

• 

i 

NlTBOOKM 
At 

• 

1 

• 

1 

1 

i 

B 

a 

a 

^ 

1 

1 

mlnotd. 

1 

Nitrites. 

1 

25073 

1898. 

Oct.   18 

Slight. 

Oou. 

.S3 

8.60 

.0116 

.0066 

T" 

.48 

.0010 

.0000 

.10 

1.6 

.0760 

ttSTO 

Nor,   7 

Slight. 

Cons. 

.04 

4.00 

.0866 

.0072 

.46 

1 

.0000 

.0000 

.10 

0.8 

.0780 

Odor,  distlnetly  dlsagreemble. The  sample*  were  colleeted  from  a  pablio  well,  located  Id  the 

common  in  the  Tillage  of  Harvard. 


Water  Supply  of  Hatfield. 

The  source  of  supply  is  a  small  reservoir  on  Running  Gutter 
Brook  in  Hatfield. 

Chemical  Examination  of  Water  from  the  Reservoir  of  the  Hatfield  Water  Works, 

[Parts  per  100,000.] 


O 
© 


Average  of  four  eamplee  collected  in  Jan- 
OAiy,  April,  Aogust  and  October,  1898. 


.24 


Kaaiuua  om 

EVAPOBA- 
TIOV. 


e 
e 

■i      Si 

g    3 


4.21 


1.44 


Ammonia. 


Albuminoid. 

t 

1 

i 

1 

§ 

si 

h 

H 

Q 

Ob 

.0009 


.0085  .0075 


.0010 


B 

■c 

o 
•-< 

JS 

U 


.18 


NiTROOBir 
▲8 


I 
I 


«l 


.0052  .0001 


I 

B 
O 

u 


K 
O 


V 

a 

a] 


.36 


1.7 


Odor  in  jMiaary  and  Angnst,  none;  In  April,  none,  becoming  faintly  vegetable  on  heating;  in  Octo- 
ber, fialntly  Tesetable,  becoming  distinctly  vegetable  on  heating. 
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HAYERHUX. 

Water  Supply  of  Haverhill. 

The  sources  of  supply  are  Crystal,  Kenoza,  Saltonstall  and  Pen- 
tucket  lakes  in  Haverhill,  Johnson's  Pond  in  Boxford  and  Grove- 
land,  and  Millvale  Reservoir  on  East  Meadow  River  in  Haverhill. 
Statistics  as  to  the  various  sources  are  given  in  the  following 
table :  — 


SOUXCK. 

Area  of 

Water 

8urtece 

(Acres). 

Averaire 
Depth 
(Feet). 

Maxlmam 
Depth 
(Feet). 

Bionge 

Oapaoity 

(MILOals.). 

Drainage 

Area  (8q. 

Miles). 

Population 

per  .Hq.  Uile 

of  Drainage 

Area. 

CryitolLake, 

KenoiaLake,    •       •       .       •       . 
SaltonauU  Lake,       .... 

Pentneket  Lake 

Johnaon's  Pond,        •       •       •       . 
MlllTale  Reservoir,    .... 

146 

226 

46 

88 
222 

47 

16 

14 

8 

26 
88 

600 
490 
107 
82 
1,014 
125 

8.18 
1.78 
O.SO 
0.82 
4.96 
7.76 

42 

76 
930 
47 
00 
69 

The  water  of  Crystal  Lake  is  somewhat  colored,  and  contains  at 
times  considerable  numbers  of  microscopical  organisms.  The  waters 
of  Kenoza  Lake,  Lake  Pentucket  and  Lake  Saltonstall  are  much 
less  colored  and  contain  less  organic  matter.  The  latter  source 
receives  the  drainage  from  a  very  large  population  and  is  not  used 
at  the  present  time.  Johnson's  Pond  is  the  principal  source  of 
supply  for  that  portion  of  the  city  which  was  formerly  comprised  in 
the  town  of  Bradford.  There  is  said  to  be  considerable  mud  in  the 
deeper  portions  of  this  pond,  and  the  shores  are  used  quite  largely 
as  picnic  grounds  and  are  occupied  by  summer  cottages.  There  is 
another  large  pond  within  the  water-shed  a  short  distance  above 
Johnson's  Pond.  Millvale  Reservoir  was  constructed  by  building  a 
dam  across  the  East  Meadow  River.  All  of  the  soil  was  removed 
from  the  area  flowed.  There  is  considerable  swamp  upon  the 
water-shed  of  the  reservoir,  and  the  reservoir  itself  is  shallow. 
Water  from  this  source  is  supplied  to  the  city  by  pumping  it  into 
Kenoza  Lake,  but,  up  to  the  present  time,  only  a  small  amount  has 
been  used. 

A  communication  from  the  State  Board  of  Health  to  the  board 
of  health  of  Haverhill,  in  regard  to  an  epidemic  of  typhoid  fever 
in  that  city,  may  be  found  on  pages  13  to  17  of  this  volume. 
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HAVXBHILI«« 

Chemical  Examination  of  Water  from  Inlet  of  Crystal  Lake. 

[Parts  per  100,000.] 


• 

B 

Appbabavcb. 

Brbidcb  ok 

£VAP01A- 

AXMOHIA. 

NtTBOORN 

• 

2 

TIOV. 

• 

1 

AS 

1 

1 

o 

s 
•s 

9 

1 

1 

1 

Losaon 
Ignition. 

1 

Albuminoid. 

i 

■ 

& 

1 

a 

s 

• 

1 
1 

Sus- 
pended. 

189S. 

21046 

JaD.  24 

V.  alight. 

Blight. 

.40 

8.46 

1.60 

.0004 

.0128 

.0116 

.0012 

.28 

.0140 

.0000 

.42 

1.1 

22346 

Feb.  24 

None. 

v.  alight. 

.85 

8.06 

1.00 

.0010 

.0116 

.0100 

.0016 

.89 

.0130 

.0000 

.86 

0.8 

22rf2l 

Mar.  21 

Slight. 

Cona. 

.44 

8.15 

1.10 

.0024 

.0166 

.0148 

.0018 

.80 

.0000 

.0000 

.38 

1.1 

2^67 

Apr.  25 

V.ailRbt. 

Slight. 

.40 

2.20 

1.10 

.0004 

.0096 

.0086 

.0010 

.14 

.0020 

.0000 

.48 

0.6 

23276 

May  23 

V.  alight. 

V.  alight. 

.46 

4.70 

1.45 

.0012 

.0242 

.0234 

.0008 

.24 

.0000 

.0000 

.50 

2.8 

23nl8 

'Taae  20 

V.  alight. 

V.  alight. 

.49 

4.60 

1.70 

.0010 

.0198 

.0192 

.0006 

.25 

.0010 

.oooo! 

.50 

1.6 

24U35 

Jnly  25 

V.  Blight. 

V.  alleht. 

.86 

5.16 

1.55 

.0016 

.0220 

.0204 

.0016 

.31 

.0010 

.OOOli 

.52 

8.6 

243«8 

Aug.  22 

None. 

V.  alight. 

.67 

5.25 

2.45 

.0U20 

.0272 

.0266 

.0006 

.28 

.0020 

.0000' 

.55 

1.7 

WTTO 

Sept.  26 

V  alight. 

V.  alight. 

.85 

6.10 

2.15 

.0008 

.0160 

.0156 

.0004 

.37 

.0040 

.0000 

.46 

1.8 

2&Mft 

4>et.   24 

None. 

V.alignt. 

.48 

4.30 

2.85 

.0000 

.0170 

.0162 

.0008 

.26 

.0040 

.0001 

.66 

1.1 

2ft4;l9 

Nov.  21 

V.  Blight. 

V  Blight. 

.43 

8.70 

1.76 

.0002 

.0180 

.0106 

.0024 

.25 

.0050 

.0001 

.50 

1.1 

25796 

Dec.  28 

V.  slight 

Slight. 

.20 
.42 

8.60 

1.86 

.0000 

.0122 

.0110 
.0167 

.0012 

.30 
.28 

.0020 

.0000 
.0000 

.28 
.47 

1.3 

At«*> 

4.02 

1.68 

.0009 

.0168 

.0011 

.0040 

1.4 

Odor,  frequently  none,  sometimes  vegetable  or  mnsty.  On  heating,  the  odor  of  some  of  the  samples 
beeanne  stronger,  and  of  the  last  sample,  dlatinetly  fishy  and  oily.  —  The  samples  were  collected  from 
the  principal  feeder,  Jast  above  iu  entrance  into  the  lal^e. 


Chemical  Examinalion  of  Water  from  Crystal  Lake^  Haverhill, 

[Parta  per  100,000] 


Rksidub  ox 

• 

Appbaiavcs. 

£VAI»ORA- 

AXMOnXA. 

NiTROOBK 

■§ 

1 

m 

Tiuir. 

AS 

1 

1 

a 

1 

1 

a 

1 

Loss  on 
Ignition. 

^ 

Albuminoid. 

e 

1 

1 

• 

i 

• 

1 

i 

1 

• 

1 

d 

j 

v: 

a 

H 

« 

o 

Eh 

*i 

H 

0 

go 

KJ 

^ 

SQ 

m 

'   1M0. 

21P66 

Jan.   24 

V.  alight. 

V.  alight. 

.26 

8.85 

1.90 

.0044 

.0196 

.0192 

.0004 

.89 

.0060 

.0000 

.41 

1.8 

23S47 

Feb.  24 

None. 

V.  Blight. 

.19 

2.85 

1.00 

.0062 

.0178 

.0150 

.0028 

.42 

.0090 

.0000 

.84 

0.6 

2'iftB 

liar.  21 

V.alUht. 

Slight. 

.27 

2.66 

1.16 

.0024 

.0264 

.0254 

.0010 

.28 

.0040 

.0000 

.88 

0.8 

22968 

Apr.  25 

V.  alight. 

V.  Blight 

.20 

2.65 

1.10 

.0004 

.0148 

.0128 

.0020 

.29 

.0040 

.0000 

.36 

1.0 

23275 

May  23 

V.  alight. 

y.  alight. 

.80 

2.90 

1.20 

.0006 

.0196 

.0168 

.0028 

.27 

.0080 

.0000 

.40 

1.0 

23617 

Jane  20 

V.  alight. 

Slight. 

.26 

8.10 

1.25 

.00101 

.0212 

.0170 

.0042 

.28 

.0020 

.0000 

.88 

1.0 

24U36 

July  25 

V.  alight. 

V.  alight 

.20 

8.06 

1.45 

.0006 

.0194 

.0172 

.0022 

.20 

.0010 

.0001 

.44 

1.1 

24389 

Aofr.22 

V.  alight. 

Cona. 

.19 

8.06 

1.40 

.0006 

.0280 

.0174 

.0066 

.28 

.0010 

.0002 

.40 

0.8 

24771 

8«pt.  *26 

Slight. 

Slight 

.18 

8.25 

1.40 

.0002 

.0184 

.0148 

.0036 

.25 

.0020 

.0000 

.42 

0.8 

25146 

Oct.   24! 

V.  alight. 

Blight. 

.11 

8.90 

1.70 

.0000 

.0212 

.0182 

.0030 

.37 

.0030 

.0001 

.31 

1.6 

25440    Nov.  21  i 

V.alisbt. 

None. 

.08 

8.70 

1.40 

.0000 

.0146 

.0142 

.00041 

.41 

.0040 

.0000 

.23 

1.8 

S6797 

Dec.  28 

V.  alight 

Slight. 

.21 
.21 

3.26 

1.60 

.0020 
.0014 

.0256 

.0238 

.0018 
.0025 

.29 
.81 

.0010 
.0038 

.0000 
.0000 

.46 
.87 

1.0 

Av    . 

• 
8.18 

1.87 

.0201 

.0176 

1.0 

1 

Odor,  faintly  vegetable  or  none.    A  vegetable  odor  was  developed  in  most  of  the  samples  on  beating. 
-The  aamplea  were  collected  from  the  lake,  near  its  outlet 
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HAVEBHTLIi. 

Chemical  ExamiruUion  of  Water  from  Kenoza  Ldhe^  Haverhill, 

[Part*  p«r  100,000.] 


6 
1 

Appbaiavob. 

KXSIDUB  OK 
EVAPOBA- 

Tioir. 

AUXOlffLL 

i 

.46 

NITBOOBW 
AS 

1      • 

s 
1 

1 

«i 

1 

& 

Loss  on 
Ignition. 

1 

Albuminoid. 

» 

• 

1 

s 

1 

i 
1 

5 

Sus- 
pended. 

• 

i 

1 

s 

21960 

1899. 

Jan.  24 

SUghk. 

Slight. 

.00 

8.66 

1.10 

.0014 

.0164 

.0160 

.0004 

1 

.0030  .0000 

.28 

1.8 

22002 

Apr.  26 

Slight. 

Slight. 

.12 

4.00 

1.26 

.0002 

.0180 

.0122 

.0008 

.42 

.0080| 

.0000  .24 

1.8 

24081 

jQly  26 

V.  slight. 

None. 

.10 

8.76 

1.80 

.0004 

.0174 

.0162 

.0022 

.88 

.0010 

.0000' 

.84 

1.7 

26142 

Got.  24 

V.  slight. 

V.  slight. 

.00 
.10 

8.60 

1.26 

.0004 
.0006 

.0160 
.0164 

.0164 
.0144 

.0006 
.0010 

.41 

.40 

.0090 

.0000 

.27 

1.8 

Av.  •■ 

3.72 

1.22 

.0022'-ttMA 

.27 

1.8 

1 

Odor,  faintly  Ttgetable  or  none.   The  odor  of  the  firet  eample  became  fklatly  flahy  on  heating. 


Chemical  Examination  of  Water  from  Lake  Saltotislall^  HaverhilU 

[ParU  per  100,000.] 


I 


21061 
22066 
24088 
26147 


Av. 


I 

%m 
O 


189S. 

Jan.  24 

Apr.  26 
July  26 
Oot.  24 


Appbaxavob. 


Ik 

s 


SUght. 
SUght. 
V.sUght. 
V.  slight. 


I 

1 


V.sHght. 
V.  alight. 
None. 
V.sHght. 


.18 
.06 
.00 
.10 


.10 


Rbsidub  cm 

Evapora- 

tion. 

• 

3 

, 

§1 

mk 

•M 

1 

2 

6.00 

1.86 

6.65 

1.80 

6.66 

2.00 

6.26 

2.10 

6.84 

1.00 

AXMOBIA. 


I 


Albamlnold. 


I 
1 


.0018.0166 


.0010 
.0014 
.0002 


.0011 


.0164 
.0108 
.0168 


.0166 


.0142 
.0140 
.0176 
.0162 


.0162 


I 


.0014 
.0014 
.0022 
.0006 


.0014 


.3 


.64 

.76 
.74 
.73 


.71 


KiTBOOBV 
AS 


8 

5 


.0080 
.0080 
.0010 
.0020 


.0047 


I 


e 

I 


.0000  .80 


.0002 '.28 

.oooo! 


.0000 


.21 


.0000  .24 


I 


3.0 
2.6 
2.7 
2.7 


2.7 


Odor  of  the  first  two  samples,  vegetahle,  beoomlng  also  masty  on  heating;  of  the  laat  two,  nonet 
becoming  faintly  vegetable  on  heating. 
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HAVEBHILIi, 

Chemical  Examination  of  Water  from  Lake  Pentucket^  Haverhill, 

[Parta  per  100,000.] 


21060 
22060 
24037 
25148 


At. 


19»8. 

Jan.  24 

Apr.  86 
Jnl7  26 
Oct.  24 


AFPIABAarCB. 


& 


a 


«1 

a 


5 


V.iUght. 
V.aUght. 
Blight. 
V.  alight. 


None. 
V.aUght. 
Blight. 
V.aUght. 


.07 
.08 
.10 
.21 


.11 


RaSIDUB  OH 

EtAPOBA- 

AmionA. 

Tioa. 

• 

Albamlnold. 

1 

ft 
5 

i 

^ 

■ 

1 
1 

• 

1 

si 

4 

p 

H 

h 

H 

Q 

CO 

o 

.52 

8.76 

1.00 

.0002 

.0174 

.0146 

.0028 

8.66 

1.10 

.0014 

.0162 

.0144 

.0008 

.46 

8.80 

1.66 

.0004 

.0218 

.0104 

.0024 

.88 

4.00 

1.46 

.0000 
.0006 

.0282 

.0202 

.0172 

.0080 
.0022 

.46 
.46 

8.80 

1.80 

.0194 

KlTSOQBV 

▲a 


i 
i 


5 


.0020.0000 
.0020.0000 


.0010 


.0000 


.0080.0000 


.0020 


.0000 


I 


a 
o 

a 

g 

M 

o 


.22 
.26 
.27 

.38 


.28 


1.7 
1.3 
2.0 
1.7 

1.7 


Odor,  faintly  Tvgetable. 


Chemiedt  Examination  of  Water  from  Johnson^s  Pond  in  Boxford  and  Oroveland 

[FarU  per  lOO^OOO.] 


« 

1 

1 

a 

i 

Apfsasavcb. 

Rbsioub  on 

EVAPOBA- 

noH. 

AxxoifZA. 

• 

1 

.80 
.42 
.27 
.38 

.86 

NlTBOOKK 
▲S 

• 

1 
1 

«i 

1 

1 

r 

1 

Albnminoid.     | 

1 

.0080 
.0040 
.0020 
.0040 

.0082 

1 

.0000 
.0001 
.0000 

.0000 

.0000 

i 

a 

9 

'A 

& 

1 

3 

5* 

4 

s 

21961 
22056 
24081 
25140 

Jan.  24 
Apr.28 
Ja]726 
Oct.  24 

Decided. 
Blight. 
V.aUght. 
None* 

BUght. 
V.elight. 
None. 
V.aUght. 

.17 
.20 
.16 
.20 

.18 

8.80 
8.86 
4.25 
4.20 

1.26 
1.86 
1.40 
1.65 

.0018 
.0016 
.0008 
.0000 

.0010 

.0210 
.0218 
.0104 
.0182 

.0104 
.0104 
.0180 
.0168 

.0016 
.0024 
.0014 
.0004 

.88 
.88 
.34 
.85 

2.0 
1.7 
1.8 
2.0 

Av.. 

4.02 

1.89 

.0106 

.0182 

.0014 

.86 

1.0 

Odor  of  the  lint  two  eamplea,  faintly  mnaty;  of  the  third,  none;  of  the  laat,  faintly  yegeUhle.- 
The  firet  two  aamplea  were  eoUeoted  from  the  pond;  the  last  two,  from  fanoeU  in  the  dty. 
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HAVEBHIIili. 

Chemical  Examination  of  Water  from  East  Meadow  River  at  iie  Entrance  into 

Millvale  Reservoir ^  Haverhill, 

[Partft  per  100,000.] 


I 


APPSABAVOa. 


8 


S1963 
22318 
226111 
2'i06ul 
282771 
2^619 
240S-3 
24301 
24772 
26UI 
26437 
25794 


189S. 

Jan.  24 
Feb. 28 
Mar. 21 
Apr.  25 
May  23 
June  20 
July  25 
Aug.2-2 
Sept.2tf 
Oct.  24 
Not.  21 
Dec.  28 


At. 


V.illght. 
V.  alight. 
V.  alight. 
V.  alight. 
V.  alight. 
V.  Blight 
V.  alight. 
None. 
Slight. 
None. 
V.  alight. 
V.  alight. 


V.iUght. 
Oona. 
y.  alight. 

OODt. 

Slight. 
Slight. 
V.ilUht. 
V.  alight. 
V.  alight. 
V.  Blight 
V.  alight. 
V.  alight. 


0.91 
0.73 
0.9U 
1.06 
1.05 
1.10 
0.50 
1.44 
0.05 
1.04 
0.95 
0.00 


0.06 


RBaiDUK  ON 

EVAPOKJL- 

TIOK. 


«4 

I 


3.85 
4.00 
8.40 
8.85 
4.90 
0.25 
5.50 
7.80 
6.06 
6.60 
5.00 
5.10 


6.15 


I 


1.55 
1.75 
1.45 
2.00 
1.85 
8.25 
1.90 
4.00 
2.40 
8.75 
3.86 
8.15 


2.87 


Ammoxia. 


A^bnminokL 


I 


I 
it 


.0006 
.0006 
.0006 
.0002 
.0010 
.0016 
.0006 
.0020 
.0006 
.0012 
.0004 
.0012 


.0009 


.0142 
.0186 
.0152 
.0208 
.0212 
.0864 
.0152 
.0428 
.0234 
.0850 
.0214 
.0186 


.0281 


.0128 
.0128 
.0142 
.0186 
.0196 
.0824 
.0186 
.0880 
.0202 
.0816 
.0198 
.<n76 


.0200 


.0014 
.0008 
.0010 
.0022 
.0010 
.004U 
.0016 
.0048 
.0082 
.0034 
.0016 
.0010 


.0022 


.28 
.39 
.80 
.28 
.81 
.29 
.25 
.26 
.29 
.27 
.29 
.82 


.29 


Nrraoonr 

AS 


a 


.0080 
.0090 
.0000 
.0020 
.0080 
.0020 
.0010 
.0040 
.0040 
.0040 
.0040 
.0020 


.0000 
.0000 
.0000 

.oooo; 

.0000. 
.0000 
.0001' 
.00011 

.oooo: 

.0000' 
.0000 
.0001 


.0040.0000 


0.79 
0.62 
0.68 
0.91 
0.78 
1.80 
0.52 
1.67 
0.78 
1.87 
1.18 
0.64 


0.98 


1.8 
1.1 
1.4 
1.0 
2.1 
2.5 
2.0 
2.1 
1.8 
8.0 
l.i 
1.7 


l.T 


Odor,  generally  none,  oeeaalonally  muaty  and  vegetable,  aometlmea  falDtly  nnpleaeaot.  All  of  the 
aamplea  had  a  vegetable  or  mnaty  odor  when  heated.  —^  The  aamplea  were  colieeled  from  the  river,  at 
Thompaon'a  bridge,  )aat  above  lie  entranee  into  MlUvale  atorage  reeervoir. 


Chemical  Examination  of  Water  from  Millvale  Reservoir  on  East  Meadow  River^ 

HaverhUL 


[Parte  per  100,000] 


I 


5i; 


i 


21962 
22819 
22612 
22961 
23278 
28e2U 
24034 
24890 
24773 
25144 
25438 
25795 


Av. 


199S. 

Jan.  24 
Feb. 28 
Mar.  21 
Apr.25 
May  23 
Jane  20 
Jaly25 
Aug.22 
Sept.26 
Oct.  24 
Nov.  21 
Deo.  28 


Appsabavob. 


I 

1 


I 


V.  alight. 
Blight. 
V.aUght. 
Blight. 
V.  alight. 
SUght. 
V  alight. 
Slight. 
Blight, 
y.  alight, 
y.  alight, 
y.  alight. 


y.  alight, 
y.  alight 
y.  alight. 
Slight, 
y.  alight. 
SUght. 
Slight. 
Slight. 
Cona. 
y.  alight. 
SUght. 
None. 


.70 
.66 
.65 
.98 
.98 
.88 
.55 
.57 
.53 
.82 
.95 
.60 


.74 


rcsidus  on 
Evapora- 
tion. 


I 


4.16 
4.25 
8.15 
4.40 
4.25 
5.85 
5.25 
5.20 
5.65 
5.55 
5.20 
5.00 


4.78 


I 


1.70 
1.65 
1.60 
1.80 
3.10 
2.86 
2.85 
2.45 
2.75 
8.15 
2.86 
1.00 


S.22 


AmioviA. 


Albnmlnold. 


±  c 

00 


.0006 

.0006. 

.0004 

.0004 

.00101. 

.0014 

.0004 

.0006 

.0010 

.0004 

.0006 

.0014 


.0008 


.0160 
.0108 
.0146 
.0184 
.0224 
.0826 
.0284 
.0280 
,0264 
.0292 
.0204 
.0284 


.0221 


.0160 
.0102 
.0182 
.0158 
.0208 
.0298 
.0206 
.0216 
.0228 
.0282 
.0202 
.0222 


.0901 


.0000 

.0006 
.0014 
.0026 
.0016 
.0028 
.0028 
.0014 
.0036 
.0010 
.0002 
.0062 


.0080 


i 

i 


.31 
.42 
.26 
.30 
.80 
.28 
.28 
.29 
.17 
.29 
.82 
.88 


.80 


KXTROOBN 
AS 


! 


f 


.0070 
.0100 
.0000 

.0080 
.0080 
.0000 
.0000 

.0020 
.0010 
.0020 
.OOSCi 
.0080 


.0000 

.0000 
.0000 
.0001 
.0000 
.0000 
.0002 
.0001 
.0001 
.0000 
.0001 
.0001 


.003"  .0001 


0.60 
0.57 
0«64 
0.77 
0.72 
0.93 
0.72 
0.78 
0.78 
1.10 
1.03 
0.67 


o.n 


1.6 
1.1 
1.0 
1.8 
1.8 
1.8 
2.1 
1.7 
1.8 
1.8 
1.6 
1.7 


1.6 


Odor,  faintly  vegetable  or  none.   On  heating,  the  odor  of  moat  of  the  Mroplea  became  diatlnetly 
vegeuble.— The  aamplea  were  collected  from  the  reaervoir,  near  ita  outlet. 
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HAVKRHILI.. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
Haverhill,  relative  to  the  use  by  the  public  for  drinking  purposes 
of  water  from  two  wells  at  the  birthplace  of  Whittier  in  Haverhill, 
may  be  found  on  pages  17  and  18  of  this  volume.  The  results  of 
analyses  of  samples  of  water  from  each  of  the  wells  are  given  in 
the  following  table :  — 

Chemical  Examination  of  WcUerfrtym  WeUs  on  WhiUier  place  in  Haverhill 

[Parte  per  100,000.] 


g 


a 


»1M 


2S147 


May  18 
JniM  8 
July  U 
Umy  18 
Jime  8 
Jnly  13 


▲mABAarcK. 


i 


e 


NOIM. 

Nose. 

None. 

V.tUght. 

V.tUglit. 

I>eelded. 


Nom. 

NOM. 

V.aUfht. 
SUghi. 
Blight. 
HMvy. 


.02 
.02 
.08 
.06 
.00 
.82 


4 

II 

AmconA. 

NinOOKM 

1 

minoid. 

1 

9^ 

11.20 

.0004 

.0020 

1.02 

.8720 

.0000 

12.00 

.0012 

.0022 

0.05 

.8460 

.0000 

11.80 

.0000 

.0010 

0.07 

.8480 

.0000 

0.80 

.0040 

.0080 

0.29 

.0240 

.0000 

0.00 

.0104 

.0006 

0.29 

.0140 

.0006 

11.70 

.1210 

.0800 

0.30 

.0010 

.0001 

B 

0 


i 


.01 
.02 
.08 
.07 
.06 
.00 


4.8 
4.9 
5.0 
8.1 
2.6 
4.0 


.0010 
.0010 
.0010 
.0060 
.0160 
.3800 


Odor  of  tka  llrtt  foar  nmpio*,  none;  of  the  fifth,  none,  beeomlng  faintly  ma'sty  on  heating;  of  the 
laatt  itoeldodly  ODpleaaaot,  beeomlng  oflfenaive  on  heating.— —The  flrat  three  samplei  were  eoUected 
from  a  well  on  the  easterly  tide  of  the  road,  nearly  opposite  the  Whittier  homestead ;  the  last  three 
•amplea  were  eolleeled  fkom  a  well  in  the  rear  of  the  WUttier  homestead,  abont  80  feet  soothwest  of 


The  reply  of  the  State  Board  of  Health  to  the  Gale  Shoe  Manu- 
facturing Company,  relative  to  the  quality  of  the  water  of  a  well 
on  the  premises  of  the  company  and  its  fitness  for  drinking,  may 
be  found  on  page  17  of  this  volume.  The  results  of  an  analysis 
of  a  sample  of  water  collected  from  the  well  are  given  in  the  fol- 
lowing table :  — 
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HAYICBHIX^L. 

Chemical  Examination  of  Water  from  the  Well  of  the  Oale  Shoe  Manufacturing 

Company^  Haverhill. 

[PartaperlOO»000.] 


Date  of 

Collection. 

Appkabavgb. 

Healdne  on 

Evaporation. 

AmfORiA. 

NiTBOOSX 
At 

• 

m 
B 

1 

1 

00 

1 

i 

Albn- 
mlnoid. 

1 

u 

tm 

22163 

199S. 

Feb.  11 

V.  alight. 

OODS., 

floe. 

.04 

40.00 

.0008 

.0044 

4.01 

.2300 

.0800 

.11 

24.ft 

.0050 

Odor,  tarry  and  disagreeable.  — >-  The  aample  was  ooUected  from  a  tnbalar  well,  beneath  the  boiler 
room  of  the  factory. 


Water    Supply    of    Hingham    Aia>    Hull.  —  Hingham   Water 

Company. 

The  sources  of  supply  are  Accord  and  Fulling  Mill  ponds  in 
Hingham.  Accord  Pond  has  an  area  of  98  acres,  an  average  depth 
of  about  15  feet  and  a  maximum  depth  of  43  feet.  The  bottom  is 
said  to  be  gravelly,  with  deposits  of  mud  in  the  deeper  portions, 
and  there  is  a  small  area  of  the  pond  which  is  flooded  to  only  a 
slight  depth.  The  drainage  area  of  0.72  of  a  square  mile  contains 
15  acres  of  swamp  land  and  a  population  of  about  50  per  square 
mile  of  water-shed. 

The  water  of  Accord  Pond  has  been  subject  to  the  frequent 
occurrence  of  bad  tastes  and  odors  from  the  growth  of  certain 
microscopical  organisms,  and  especially  of  the  organisms  Anaboena 
and  Uroglena.  During  the  winter  of  1897-98  the  presence  of 
Uroglena  gave  the  water  a  very  offensive  taste  and  odor  for  a 
period  of  several  months. 

Fulling  Mill  Pond  has  an  area  of  14  acres,  a  maximum  depth  of 
6  feet  and  an  average  depth  of  3  feet.  The  bottom  is  covered  with 
mud.  The  water-shed  of  the  pond  is  0.36  of  a  square  mile,  con- 
taining a  population  of  14  per  square  mile.  Water  is  not  usually 
drawn  directly  from  Fulling  Mill  Pond,  but  is  drawn  from  basins 
on  the  shore  of  the  pond,  into  which  water  from  the  pond  enters 
by  passing  through  a  gravel  dike.  These  basins  are  not  covered, 
and  have  frequently  contained  the  organisms  Peridinium  and  Ana- 
bcena^  which  have  been  known  to  impart  to  water  a  disagreeable 
taste  and  odor. 
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HINOHAM  ANB  HULL. 

The  advice  of  the  State  Board  of  Health  to  the  Hingham  Water 
Company,  relative  to  impro^ang  the  water  of  Accord  Pond,  the 
principal  source  of  supply  of  that  town,  and  in  regard  to  se- 
curing a  supply  of  water  from  a  system  of  wells  in  the  vicinity 
of  the  pond,  may  be  found  on  pages  19  to  22  of  this  volume.  The 
results  of  analyses  of  samples  of  water  collected  from  test  wells 
during  the  investigations  are  contained  in  one  of  the  following 
tables :  — 


C?iemical  Examination  of  Water  from  Accord  Pond^  Hingham. 

[P»rta  i>er  100»000.] 


1 

e 

AlTBAmAirOB. 

RaSlDUK  OH 
EVAPORA- 

Tioir. 

AmCOMIA. 

• 

O 
.79 

NiTBOOBR 

AS 

I 

j 

a 

«x 

• 

m 

I 

• 

1 

it 
1 

t 

Albamlneld. 

i 

• 

1 

1 

s 

■ 

1 

1 

4 

i 

2181ft 

Jab.  11 

Blight. 

Cons. 

.20 

8.40 

1.60 

.0012 

.0262 

.0168 

.0104 

.0000 

.0000 

.82 

0.6 

St816 

Jan.  11 

V.tlight. 

Blight. 

.18 

8.26 

1.80 

.0018 

.0178 

.0142 

.0086 

.76 

.0020 

.0000 

.84 

0.6 

S181T 

Jul.  11 

V,  slight. 

Blight. 

.19 

8.40 

1.86 

.0024 

.0168 

.0140 

.0018 

.76 

.0020 

.0000 

.81 

1.1 

SOW 

Feb.    8 

V  tUgbt. 

Blight. 

.22 

8.80 

1.06 

.0020 

.0174 

.0128 

.0046 

.78 

.0000 

.0000 

.86 

1.0 

29060 

Feb.    8 

V.  alight. 

Blight. 

.28 

8.20 

1.16 

.0010 

.0166 

.0116 

.0040 

.72 

.0000 

.oooJ 

.88 

1.1 

22SS2 

Feb.  28 

V.  alight. 

Blight. 

.86 

2.60 

1.00 

.0006 

.0198 

.0118 

.0080 

.86 

.0000 

.0002 

.40 

0.2 

22488 

Mar.   7| 

Blight. 

Cooa. 

.26 

2.86 

1.86 

.0006 

.0192 

.0188 

.0064 

.46 

.0000 

.0000 

.88 

0.2 

22842 

Mar.  14 

V.  slight. 

V.  slight. 

.29 

8.00 

1.20 

.0002 

.0148 

.0102  .0046J 

.68 

.0000 

.0000 

.88 

0.6 

22614 

liar.  21 

V.  alight. 

Blight. 

.80 

2.96 

1.20 

.0004 

.0148 

.0116 

.0082 

.66 

.0000 

.0000 

.87 

0.5 

28709 

Apr.  11 

Blight. 

Cons. 

.80 

8.60 

1.40 

.0004 

.0170 

.0118 

.0062 

.51 

.0000 

.0000 

.30 

0.8 

28614 

Jane  18 

V.  alight. 

V.  slight. 

.62 

8.26 

1.60 

.0006 

.0182 

.0160 

.0022 

.62 

.0010 

.0001 

.62 

0.8 

24483 

Aug.  80 

V.  alight. 

V.  slight. 

.84 

2.76 

1.60 

.0006 

.0208 

.0198 

.0010 

.66 

.0020 

.0000 

.62 

0.8 

26#M 

Not.  20 

V.  alight 

Blight. 

.80 
.81 

8.26 

1.60 

.0010 
.0009 

.0180 
.0176 

.0110 
.0189 

.0020 
.0036 

.62 
.68 

.0010 
.0006 

.0000 
.0000 

.46 

0.6 

A»*.. 

8.19 

1.40 

.42 

0.6 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  haa  been 
need  In  making  the  average. 

Odor  of  the  last  two  samplea,  none;  of  the  others,  fishy  and  oily.    The  odor  of  moat  of  the  aamplea 
beeaoM  atronger  on  beating. 
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XONGHAM  AND  HIUX. 

Microaeopioal  ExamineUion  of  Walerfrom  Accord  Pond,  Eingham. 

» 

[Nnmbtr  of  orgaoisms  per  eubie  oeotimeter.] 


1898 

• 

Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Mar. 

Apr. 

Jane. 

Aug. 

Not. 

Day  of  examinatloiit 

11 

11 

U 

4 

4 

1 

8 

15 

22 

12 

14 

81 

80 

Kamber  of  sampla,  •       • 

21815 

21816  2t817j2aM0 

2905022882 

22468 

22542 

22614 

22700 

28514 

24488 

25408 

PLANTS. 

DlatomaceeB,     . 

0 

6 

a 

5 

0 

1 

0 

8 

8 

0 

0 

15 

78 

OyanophyoeeB,  Anabana, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

AlfffiBi  Protooocona, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

ANIMALS. 

Inftiaorla*    .... 

16 

86 

H 

in 

88 

88 

46 

77 

81 

90 

8 

V 

0 

Dloobryon,.       •       •       • 
Peridinlam,        •       • 
Uroglena,    .       •       •       • 

0 

0 

16 

82 
0 
4 

28 
0 

1 

164 

1 

12 

84 
0 

4 

0 

0 

86 

14 

0 

82 

56 

0 
21 

17 

0 

14 

86 

0 

14 

0 
5 
0 

22 
5 
0 

0 
0 
0 

Vermes,       .      .      •     . 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

Orustaceft,  Oyelope,  . 

0 

0 

pr. 

0 

pr. 

0 

pr. 

0 

0 

0 

0 

0 

pr. 

MliceUaiuou;  ZoOglcsa,  • 

10 

5 

2 

0 

0 

0 

0 

8 

0 

0 

8 

0 

8 

Total,       .... 

27 

47 

40 

188 

80 

87 

46 

85 

89 

50 

84 

52 

78 

Chemical  Examination  of  Water  from  Accord  Pcmd,  collected  alt  Different  BoinU, 

[Paru  per  100,000.] 


1 

Aptbasavob. 

RaaiDUB  CM 

BTAPUSA' 

noM. 

AmovzA. 

NiTBOOm 

Aa 

• 

1 

a 

^ 

1 

i 

s 

1 

Ignition. 

1 

AllramlnMd. 

1 

i 

i 

i 

1 

1 
1 

0 

a 

ises. 

1 

22051 

Feb.    8 

V.ellglit. 

Cona. 

.20 

8.25 

1.10 

.0006 

.0808 

.0116 

.0002] 

.75 

.0000 

.0000 

.86 

2-2052 

Feb.    3 

y.siighi. 

Oooa. 

.21 

8.25 

1.85 

.0014 

.0202 

.0186 

.0066!,.  72 

.0000 

.0000 '30 

22058 

F^b.    8 

V.  alight. 

Ooaa. 

.21 

8.50 

1.45 

.0014 

.02121.0142 

.0070c. 77 

.0000 

.0000 '.S7 

22054 

Feb.    8 

V.  alight. 

Oooa. 

.21 

8.25 

1.25 

.OOOA 

.0144 

.0122 

.0022  |.75 

.0000 

.0000  .35 

82055 

Feb.    8 

V.allght. 

Ooaa. 

.40 

8.50 

1.70 

.0004 

.0200 

.0140 

.0060  .74 

.0000 

.0000  .52 

Odor  of  the  flret  aample,  fUatly  vegetable,  beeomlof  dletinetly  vegetable  aad  flahy  on  beatlag; 

of  the  othera,  fUntly  llahy,  beoomlng  dietlnetly  llahy  on  heating. The  flret  aample  waa  eolleeted 

from  the  eaet  aide  of  the  pood,  at  the  aarfeoe ;  the  eeeood,  from  the  aooth  end  of  the  pood,  at  the  ear. 
face;  the  third,  from  the  eentre  of  the  pond,  at  the  anrfaee;  the  foarth,  from  the  eentre  of  the  pood,  10 
leet  betteath  the  anrCaoo;  the  laatt  from  the  weet  aide  of  the  pond,  at  the  aorfaoo. 
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HINGHAM  AKB.HUIiL. 

ChemiecU  Examination  of  Water  from  Fulling  Mill  Pond,  Hingham, 

[Parte  per  100.000.] 


S8515 
84483 
SUM 


At. 


0 
O 


ISHS. 

F«b.    8 

Jnae  18 
Aug.  80 
Not.  80 


Appkaiavob. 


None. 
V.allgfat. 
V  eUghk. 
V.eUght. 


\ 
i 


o 
"S 


V.eUght. 
Slight, 
y.  slight. 
Blight. 


.07 
.80 
.90 
.87 


.81 


Bbsidub  om 

EVAPOIA- 
TION. 


6 

« 

1 

r 

6.16 
6.00 
6.16 
6.40 


6.17 


1.16 
1.86 
1.46 
1.76 


1.40 


Ammonia. 


I 


Albaminold. 


.0006 

.0018 
.0040 
.0000 


.0016 


.0080 
.0078 
.0114 
.0074 


.0073 


I 


1 

fit 


.0080 
.0060 
.0104 
.0046 


.0000 

.0012 
.0010 
.0028 


.00001.0012 


i 


.84 

.68 
.76 

.80 


.77 


NmooBV 

AS 


1 


s 

as 


.0230  .0000 


.0140 
.0110 
.0120 


.0160 


.0001 
.0001 
.0000 


.0000 


i 

a 

a 

I 

& 

>% 
M 

o 


.11 

.28 
.17 
.27 


.10 


1.4 
1.1 
1.8 
1.6 

1.8 


Odor  of  the  flrat  sample,  fsintly  vegetable;  of  the  second,  none;  of  the  third,  none,  becoming  faintly 
nnplMsant  on  heating;  of  the  last,  none,  beoomlng  fsintly  vegetable  on  heating.— ~ The  first  and  third 
samples  were  ooUected  from  the  filter  basin  located  on  the  soath-east  side  of  Falling  ICiU  Pond ;  the 
second  and  laat  samples,  ftom  the  gate-honsa,  and  represent  water  from  the  filter  baeln. 


Chemical  Examinalion  of  Water  from  Accord  Brook  in  Hingham, 

[Parte  per  100,000.] 


• 

§ 

Apfbaiavob. 

Rkaidub  on 
Evapoka- 

TION. 

AnCONXA.. 

6 

.71 

NITBOOBN 
▲S 

• 

a 
S 

e 

5 
& 

6 

S 

1 

-t 

1 

r 

1 

Albamtnoid. 

§ 

• 

s 

1 

9S 

I 

t 

80S- 
pended. 

i 

c 
• 

a 

88610 

Janold 

V.  alight. 

aught. 

4.44 

7.70 

8.76 

.0088 

.0624 

.0466 

.0068 

.0050 

1 
f 

.0002 

1 

2.01 

1.1 

Odor,  nooo,  beoomlng  distinctly  yegeteble  on  heating.  — —  The  sample  was  coUeeted  from  the  brook, 
at  toad  erosoiog  aboat  1  mllo  from  Fulling  MUl  Pond,  near  point  from  which  water  can  be  diverted  into 
Fulling  liUl  Fond. 
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Chemical  Examination  of  Water  from  Tubular  Test  WeUs  near  Accord  Fond  in 

Hingkam, 

[Parts  per  100,000.] 


1 

Appxasancb. 

1 

§1 

IS 

1 

AXMonA. 

1 

NlTROOBX 
A* 

a 

1^ 

1 

a 

• 

«s 

i 

i 

1 

1 

• 

1 

1899. 

22634 

Mar.  11 

V.  alight. 

None. 

0.70 

6.80 

.0886 

.0018 

.64 

.0000 

.0000 

.10 

2.6 

.1840 

22647 

Mar.  14 

Slight. 

V.  alight. 

1.00 

7.00 

.0422 

.0018 

.64 

.0000 

.0000 

.08 

8.6 

.8500 

22648 

Mar.  14 

Decided, 

Cona. 

0.40 

6.00 

.0^ 

.0020 

.66 

.0000 

.0000 

.12 

2.6 

.1850 

23058 

May    8 

milky. 
Decided. 

Heavy. 

0.20 

6.80 

.0000 

.0010 

.75 

.0080 

.0000 

.06 

1.0 

.0680 

23146 

May  13 

Decided, 

Cona. 

0.06 

6.40 

.0004 

.0018 

.78 

.0020 

.0000 

.01 

0.8 

.0120 

23140 

May  13 

milky. 
Decided, 

Cooa. 

0.12 

6.40 

.0008 

.0024 

.78 

.0020 

.0000 

.01 

0.8 

.0250 

22770 

Apr.    7 

milky. 
Slight. 

Slight. 

0.08 

8.60 

.0006 

.0012 

.68 

.0020 

.0000 

.01 

0.6 

.0110 

22771 

Apr.   7 

None. 

None. 

0.00 

4.10 

.0002 

.0006 

.67 

.0000 

.0000 

.02 

0.6 

.0010 

23067 

May    8 

V.  alight. 

Blight. 

0.06 

8.50 

.0000 

.0014 

.72 

.0020 

.0001 

.01 

0.6 

.07110 

23144 

May  18 

Decided, 

Heayy. 

0.06 

5.60 

.0004 

.0022 

.72 

.0040 

.0000 

.01 

0.6 

.OSSO 

23148 

May  18 

milky. 
Decided, 

Cons. 

0.06 

6.00 

.0002 

.0022 

.72 

.0020 

.0000 

.01 

0.8 

.0180 

23056 

May    8 

milky. 
Decided. 

Cona. 

0.08 

8.70 

.0000 

.0010 

.66 

.0040 

.0000 

.08 

0.6 

.0060 

23066 

May    3 

Slight. 

Cona. 

0.08 

6.00 

.0000 

.0012 

.67 

.0000 

.0000 

.02 

0.8 

.0010 

28064 

May    8 

Slight. 

Cona. 

0.08 

6.40 

.0000 

.0016 

.72 

.0020 

.0000 

.08 

0.8 

.0080 

23063 

May    3 

V.  alight.  None. 

0.02 

4.60 

.0000 

.0008 

.00 

.0070 

.0000 

.02 

1.1 

.0060 

Odor  of  No8. 22648  and  28058,  faintly  earthy;  of  the  others,  none. Samples  Nos.  22584  and  22647 

were  collected  from  a  well  located  a  short  dlatanee  north  of  the  dam  at  the  outlet  of  Accord  Pond,  on 
the  easterly  side  of  the  brook  flowing  from  the  pond ;  No.  22548,  from  a  well  abont  76  feet  eaat  of  the 
well  Jast  described ;  the  remaining  samples  were  collected  from  a  line  of  eight  test  wells  on  the  north- 
erly side  of  the  pond,  eztendlog  from  a  point  abont  100  feet  aonth-east  of  the  easterly  end  of  the  dam  at 
the  outlet  of  the  pond  to  a  point  abont  450  feet  from  the  dam ;  Nos.  23058, 28146  and  23149  were  collected 
from  the  well  nearest  the  dam;  Nos.  22770, 22771,  23057,  28144  and  23148  were  collected  from  the  third 
well  from  the  dam ;  Nos.  83066, 26066, 28064  and  28068  were  ooUeeted  from  the  fourth,  fifth,  sixth  and 
eighth  wells  respectively. 


Wateb  Supply  op  Hinsdale  FraE  District,  Hinsdale. 

The  source  of  supply  is  a  storage  reservoir  on  a  mountain  stream. 
The  reservoir  has  an  area  of  9  acres,  a  maximum  depth  of  21  feet 
and  a  capacity  of  35,000,000  gallons.  During  the  years  1894-96 
the  reservoir  contained  enormous  numbers  of  the  organism  Palmella, 
Trouble  has  also  been  occasioned  by  the  presence  in  the  reservoir 
of  large  numbers  of  the  organism  Peridinium. 
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HINSBAIiE. 

ChemiccU  JExamination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale  Fire 

District, 

[Pftrta  per  100,000.] 


I 

o 


S19S6 
22316 
22(181 
22981 
23286 
28643 
24068 
24410 
24842 
25142 
25442 
25788 


§ 


«i 
Ck 


At... 


Jan.  25 
Feb.  22 
Mar.  29 
Apr.  26 
May  24 
June  21 
Jvly  26 
Aug.  24 
Sept.  28 
Oct.  25 
KoT.  21 
Dm.  28 


ArPBABAirOB. 


I 

•e 


None. 

V.  slight. 

V.aUght. 

Slight. 

V.illght. 

Decided, 

milky. 

Decided. 

Slight. 

Slight. 

V.iUght. 

V.  alight. 

V.elight. 


a 


Slight. 

V.  alight. 

None. 

Slight. 

V.  alight. 

Cona. 

V.attght. 

V.aUght. 

V.  alight. 

V.aUght. 

V.aUght. 

V.aUght. 


>  •  •  •  •  e  e 


.80 
.82 
.20 
.24 
.22 
.10 
.82 
.41 
.82 
.80 
.27 
.20 


.27 


RaaiDns  oa 
Etapoba- 

TION. 

• 

18  on 
Ignltloii. 

& 

3 

2.65 

1.25 

1.05 

0.75 

1.20 

0.50 

1.90 

0.75 

1.75 

0.05 

2.50 

1.25 

2.85 

1.85 

2.65 

1.05 

2.55 

1.85 

2.20 

1.20 

2.25 

0.75 

2.80 

0.85 

.2.28 

1.00 

AXKOnA. 


Albuminoid. 


1 


3l 


3 

00 


.0014 
.0050 
.0014 
.0002 
.0004 
.0006 
.0004 
.0006 
.0004 
.0000 
.0004 
.0000 


.0009 


.0122 
.0080 
.0100 
.0110 
.0186 
.0186 
.0228 
.0184 
.0202 
.0152 
.0158 
.0104 


.0147 


.0106 
.0066 
.0088 
.0080 
.0008 
.0004 
.0156 
.0158 
.0160 
.0122 
.0182 
.0006 


.0118 


.0016 
.0014 
.0012 
.0060 
.0088 
.0002 
.0072 
.0026 
.0042 
.0080 
.0026 
.0008 


.0084 


S 

o 


.07 
.10 
.06 
.08 
.07 
.06 
.04 
.06 
.04 
.05 
.07 
.06 


.06 


NZTROOXX 


.0080 
.0080 
.0010 
.0020 
.0080 
.0020 
.0000 
.0020 
.0020 
.0010 
.0000 
.0000 


.0020 


I 


.0000 
.0000 

.0000 
.0000 
.0060 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0001 


.0000 


I 

a 

I 
I 

M 

o 


.84 
.28 
.26 
.80 
.26 
.84 
.44 
.40 
.42 
.88 
.81 
.80 


.84 


i 

a 


1.0 
1.0 
0.5 
0.8 
0.5 
1.0 
1.8 
1.0 
0.8 
0.5 
0.8 
0.8 


0.8 


Odor,  faintly  Tegetable  or  none;  in  Angaat,  faintly  maaty.  On  heating,  the  odor  of  moat  of  the 
aamplee  beeame  dlatinctly  Tegetable;  in  January,  Norember  and  Deeember,  faintly  fishy,  and  in  October 

and  Norember,  also  dlaagreeable. The  aample  in  May  was  collected  from  the  reservoir;  the  othera, 

from  a  faucet  In  the  vUlage. 

Microscopical  Examination, 

The  nnmber  of  organisms  per  cable  centimeter  found  in  the  sample  collected  In  May  was  703,  eon. 
sisllng  chiefly  of  IHnobrpon;  in  the  sample  collected  In  Angnst,  845,  consisting  chiefly  of  the  organism 
iVo<oooee»t.    An  insignifioant  nnmber  of  organisms  was  foand  In  each  of  the  other  eamplea. 


Water  Supply  or  Holbbook. 

(See  Bandolph.) 

Water  Supply  of  Holliston.  —  Holliston  Water  Company, 

The  source  of  supply  is  a  well  in  the  valley  of  Jar  Brook  in 
East  Holliston.  The  well,  which  is  situated  about  400  feet  below 
a  mill  pond,  is  26  feet  in  diameter  and  30  feet  deep,  the  lower  10 
feet  being  in  ledge.  A  small  storage  reservoir  has  been  constructed 
below  the  mill  pond,  and  the  shore  of  the  reseryoir  is  within  15 
feet  of  the  well ;  a  connection  has  been  made  between  the  reservoir 
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HOLI.ISTON'. 

and  the  well,  so  that  water  can  be  drawn  directly  from  the  reser- 
voir. The  reservoir  has  a  maximum  depth  of  8  feet,  and  all  of  the 
soil  was  removed  from  the  area  flooded  when  the  dam  was  con- 
structed. The  water  drawn  from  the  well  contains  a  large  amount 
of  iron  and  organic  matter,  and  is  highly  colored. 

Chemical  Examinalion  of  Water  fnym  the  Well  of  the  HoUision  Water  Company, 

[Parts  per  100.000.] 


J 

a 

s 


,5 


21868 
22640 
28227 
28818 
2i782 
26870 


Av. 


Jan.  17 
Mar.  14 
May  10 
July  18 
Sept.  21 
Nov.  14 


Appbailuiob. 


v.  alight. 
Slight, 
v.  Blight 
Slight. 
Slight, 
v.  alight. 


« 

a 
1 


I 


V.  alight. 
V.  alight. 
V.  alight. 
Slight. 
V.  alight. 
V.  alight. 


.80 
.84 
•81 
.86 
.47 
.61 


.88 


4 

12 


8.80 
8.00 
2.00 
4.80 
4.60 
4.40 


8.82 


AKKOaiA. 


i 


.0002 
.0002 
.0022 
.0028 
.0006 
.0010 


.0011 


o 
e 


.0000 
.0000 
.0102 
.0168 
.0146 
.0164 


.0128 


.88 
.26 
.23 
.26 
.27 
.20 


KlTBOOBM 


.0180 

.0070 
.0030 
.0080 
.0000 

.0010 


.0046 


i 

s 


.0000 
.0000 
.0000 
.0001 
.0000 
.0001 


.0000 


I 

s 


-i 

a 

a 

m 

e 
o 


i 


•I 


.27 
.28 
.20 
.82 
.84 
.61 


.84 


1.6 
0.8 
1.1 
1.8 
1.4 
1.0 


1.2 


.0800 
.0070 
.0200 
.0180 
.0560 
.0200 

.0248 


Odor  of  No.  21868,  diatinetly  vegetable;  of  No.  24782,  faintly  maaty ;  of  the  othera,  none.  — •  Nob. 
28818  and  26870  were  oolleoted  from  the  well;  the  othera,  from  a  tap  In  the  pnmplng  atatlon. 

Water  Supply  op  Holyoke, 

The  sources  of  supply  are  Ashley  and  Wright  ponds  and  Whiting 
Street  storage  reservoir  in  Holyoke,  and  the  Manhan  River  in 
Southampton.  Ashley  and  Wright  ponds,  the  original  sources  of 
supply,  are  connected  by  a  culvert,  and  water  for  the  supply  of  the 
city  is  drawn  from  Wright  Pond.  Wright  Pond  has  an  area  of 
45  acres  and  Ashley  Pond  an  area  of  185  acres.  The  bottoms  are 
muddy,  but  the  swamps  which  originally  bordered  the  ponds  in 
places  have  been  cleared  and  filled  in  with  gravel  and  the  shallow 
places  deepened.  The  ponds  have  a  drainage  area  of  2.06  square 
miles,  nearly  all  of  which  is  owned  by  the  city,  and  is  now  unin* 
habited. 

Whiting  Street  storage  reservoir  has  an  area  of  112  acres,  an 
average  depth  of  15  feet  and  a  maximum  depth  of  20  feet.  The 
bottom  was  originally  swampy,  and  none  of  the  soil  or  organic 
matter  was  removed  when  the  reservoir  was  constructed.  The 
drainage  area  of  Whiting  Street  Reservoir  is  1.34  square  miles, 
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and  this  area,  like  that  of  Wright  and  Ashley  ponds,  is  practically 
uninhabited. 

During  the  years  1897-98  works  were  constructed  for  obtaining 
an  additional  water  supply  from  the  Manhan  River  in  Southampton. 
A  small  reservoir  having  an  area  of  10.33  acres,  was  built  on  the 
river  at  the  junction  of  the  two  principal  tributaries,  Manhan  and 
Tucker  brooks.  Water  from  this  reservoir  is  conveyed  through  a 
pipe  to  the  upper  end  of  Ashley  Pond,  from  the  lower  end  of  which 
water  flows  into  Wright  Pond,  and  is  thence  distributed  to  the  city. 
Manhan  River,  at  the  point  where  the  storage  reservoir  is  con- 
structed, has  a  drainage  area  of  13.2  square  miles,  which  contains  a 
population  of  18  per  square  mile. 

The  water  of  Whiting  Street  Reservoir  contains  at  times  very 
large  amounts  of  organic  matter,  much  of  which  is  in  the  form  of 
microscopical  organisms.  The  water  of  Wright  and  Ashley  ponds 
is  of  somewhat  better  quality  than  that  of  Whiting  Street  Reser- 
voir, and  the  quality  has  been  improved  by  the  introduction  of 
water  from  the  Manhan  River  and  by  improvements  made  in  the 
pond  and  its  water-shed. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  Holyoke,  relative  to  the  advisability  of  allowing  ice  to  be 
cut  from  Ashley  Pond,  may  be  found  on  page  124  of  this  volume. 


Chemicai  Exandnatum  of  Water  from  WhUing  Street  Storage  Reservoir^  Holyoke, 

[Part*  per  100,000.] 


Rbsidub  ov 

EVAPOIA- 

noK. 

Ammoira. 

a 

1 

o 

.15 
.14 
.06 
.13 
.11 
.10 
.06 
.06 
.06 
.18 
.11 
.11 

.10 

NZTBOOM 
A8 

§ 

e 

5 

1 

«i 

• 

1 

• 

1 

r 

1 

Albamlnold. 

i 

• 

1 

7k 

■: 

i 

I 

s 

• 

•2 

i! 

00 

n 

22006 

22826 
22826 
23009 
28288 
23668 
21066 
21407 
24B08 
26167 
26446 
26762 

i8*a. 

Jan.  26 
Feb.  22  . 
Mar.  22 
Apr.  27 
May  24 
Juno  21 
Jvly  86 
Ang.  28 
Sept.  27 
Oet.   26 
Nov.  21 
Deo.  28 

Slight. 

V.  alight. 
;V.  alight. 
'  Slight. 
1  Slight. 
;V.  Blight. 

V.  alight. 

SUgbt. 

Decided. 
1  V.  alight 

v.  alight. 

V.aUght. 

Blight. 

Slight. 

V.  alight. 

Cods. 

Blight. 

Cona. 

BHght. 

BUght. 

Cona. 

V.  alight. 

V.  alight. 

BUght. 

.18 
.18 
.06 
.07 
.00 
.16 
.14 
.11 
.20 
.18 
.18 
.10 

4.80 
4.40 
1.16 
3.65 
8.65 
5.00 
4.66 
4.55 
5.00 
5.50 
4.76 
4.20 

1.50 
1.80 
0.40 
1.10 
1.20 
1.86 
1.20 
1.20 
2.25 
2.25 
1.50 
1.25 

.0012 
.0064 
.0010 
.0004 
.0006 
.0102 
.0028 
.0022J 
.0128 
.0162 
.0082 
.0000 

.0045 

.0222 
.0164 
.0046 
.0178 
.0106 
.0220 
.0258 
.0854 
.0654 
.0384 
.0174 
.0284 

.0258 

.0172 
.0142 
.0038 
.0120 
.0142 
.0132 
.0174 
.0210 
.0286 
.0288 
.0156 
.0204 

.0172 

.0060 
.0022 
.0008 
.0058 
.0054 
.0088 
.0084 
.0144 
.0308 
.0046 
.00181 
.0030 

.0061 

.0030 
.0030 
.0000 
.0020 
.0030 
.0000 
.0000 
.0000 
.0050 
.0030 
.0020 
.0040 

.0021 

.0000 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0005 
.0002 
.0002 

.0001 

.80 
.26 
.10 
.19 
.22 
.24 
.80 
.30 
.84 
.35 
.25 
.80 

.26 

2.3 
2.5 
0.6 
2.1 
2.2 
2.8 
2.5 
2.7 
2.7 
2.9 
2.6 
2.1 

Av 

1 

.18 

1 
4.80 

1.87 

2.8 

1 

Odor,  genanlly  regvUbla  or  none;  aomatlmoa  moaty.   On  heating,  the  odor  waa  generally  atronger. 
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HOLTOKS. 

Microscopical  Examination  of  WcUer  from  Whiting  Street  Storage  Beservoir, 

Holyoke, 

[Number  of  organisms  per  enbie  centimeter.] 


1898. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aof. 

Sept.  Oet. 

Not. 

Dee. 

Day  of  ezamlnation,  •       •       .       . 

27 

24 

23 

20 

26 

24 

27 

24 

28 

26 

28 

28 

Number  of  sample,    •       •       •       • 

22006 

2828828868 

24066 

24407 

24808 

26167 

26446 

26^2 

PLANTS. 

Dlatomaoees,      .... 

m 

74 

4 

1,258 

1,001 

170 

138 

182 

84 

108 

880 

8 

Asterlonella,        •       .       •       • 

C'yolotella, 

FragiUria, 

Meloslra,      •       •       •       •       . 

Bynedra, 

TabellariA, 

128 
0 

182 
0 

724 
0 

2 

0 

0 

0 

88 

4 

0 
1 
0 
0 
8 
0 

42 

2 
82 

0 

1,100 

28 

0 

0 

84 

0 

888 

7 

82 
112 

24 
0 
0 
0 

11 
0 

62 
0 
0 

72 

0 

28 

124 

0 
12 
18 

0 
14 
60 
0 
0 
0 

0 
46 
62 
0 
6 
2 

16 
2 

14 

842 

6 

0 

0 

1 

0 
0 

2 
0 

Oyanophyceee 

0 

0 

0 

0 

4 

0 

81 

82 

138 

44 

12 

8 

AnabcDoa,     •       .       •       •       • 
CfBloiiphnrtnm,   •       •       •       • 
Merlsmopasdia,    •       •       •       . 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

4 
0 
0 

0 
0 
0 

60 
0 
0 

62 
0 
0 

120 
6 
8 

44 

0 
0 

10 
2 
0 

0 

8 
0 

Alfftt 

10 

8 

0 

7 

43 

28 

81 

10 

882 

88 

It 

8 

Raphldinm 

Bceoedesmas,      •       •       •       . 
Btaurastmm,        .       •       •       • 

0 
0 
0 

0 
0 
0 

0 
0 
0 

8 
1 
0 

10 
7 
2 

6 

0 

20 

88 
28 
14 

2 
0 
6 

8 

10 
644 

8 
42 
10 

10 
2 
0 

0 
0 
0 

ANIILALB. 

Bhlzopoda 

0 

0 

0 

6 

0 

6 

6 

2 

0 

8 

8 

0 

Inftisoria 

58 

213 

to 

88 

77 

8 

17 

82 

282 

48 

40 

H 

Ceratlam,     .       .       •       .       . 
Dinobryon,  •       •       .       •       . 
Mallomonas,        •       •       .       . 
Perldtnlum, .       •       .       •       • 
Tracbelomonaa,  •       •       •      • 

0 
62 
0 
0 
• 

0 
204 
2 
0 
7 

0 

10 

0 

0 

1 

0 
28 
2 
2 
2 

1 

60 
0 
0 
2 

0 
0 
0 
0 
0 

6 
0 
0 
2 
10 

0 

4 

0 

24 

02 

10 

0 

10 

16 

220 

0 
0 

12 
0 

86 

0 
28 

4 
0 

4 

0 

10 

0 

0 

1 

Vermes, 

0 

0 

0 

2 

1 

0 

1 

2 

12 

0 

0 

2 

Crustacea, 

pr. 

pr. 

0 

0 

pr. 

pr. 

pr. 

pr. 

pr. 

0 

0 

0 

Bosmlna,      •       •       •       •       • 

Cyclops, 

Dapfanla,      •       •       .       •       • 

0 

0 

0 
0 
0 

0 
0 
0 

0 
pr. 

0 
pr. 
pr. 

pr. 
pr, 
pr. 

0 
pr. 
pr. 

pr. 
pr. 
pr. 

0 
0 
0 

0 
0 
0 

0 
pr. 
pr. 

JfisceOansoiw,  ZSoOgloBA,  • 

0 

8 

5 

8 

10 

5 

10 

8 

10 

12 

8 

8 

Total,.      •      •      .      .      . 

1,062 

288 

20 

1,818 

1,180 

200 

806 

868 

1,146 

278 

047 

86 
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Chemical  Examinatim  of  Wcderfrom  Wright  and  Ashley  Ponds,  Eolyoke, 

[Parts  p«r  100,000.] 


1 

AiTBABAirca. 

Kkbidub  ov 

EVAPOBA- 
TIOK. 

Amvovia. 

• 

i 

.16 
.14 
.12 
.10 

.18 

NmOOBK 

▲s 

1 

1 

1 

o 

• 

i 

i 

1 

^ 

Lou  on 
Ignition. 

i 

Albamlnoid.     | 

9 

5 

1 

1 

1 
1 

s 

-1 

00 

i 

« 

22S27 
28284 
24408 
26444 

1899. 

F«b.  22 

May  24 

ADg.28 
S'OT.  21 

SUght. 
V.  slight. 
V.sUght. 
V.  slight. 

V.  slight. 
V.sUght. 
V.sHght. 
V.sUght. 

.17 
.08 
.10 
.20 

.14 

8.06 
4.60 
4.60 
4.06 

1.26 
1.00 
1.20 
1.66 

.0064 
.0010 
.0006 
.0086 

.0029 

.0274 
.0184 
.0178 
.0288 

.0281 

.0180 
.0168 
.0142 
.0226 

.oin 

.0094 
.0026 
.0030 
.0062 

.0064 

.0120 
.0000 
.0020 
.0080 

.0042 

.0001 
.0000 
.0002 
.0001 

.0001 

.27 
.20 
.28 
.80 

2.8 
2.0 
2.6 
2.2 

Ay-.T 

4.26 

1.26 

.26 

2.6 

Odor  of  (ho  first  sample,  faintly  Tegetable,  beooming  dlstlnetly  regetable  and  grassy  on  hsating ;  of 
tha  Booond,  faintly  oUy,  beooming  strongly  oily  on  heating;  of  the  third,  none,  becoming  faintly  grassy 
on  beating;  of  the  last,  none,  becoming  faintly  Togelable  on  heating. ——  Water  from  Manhan  River  haa 
been  diyerted  Into  these  ponds  since  the  beginning  of  1898. 


Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Eolyoke. 

[Nnmber  of  organisms  per  enblc  eentimeter.] 


1898. 


February. 


Uay. 


Angiut. 


Norember. 


Day  of  examlnatloii» 
Number  of  sample»  • 

plantbT 

DlatomaoecD,    .      • 

Asterlonella,  •  •  • 
Fraii^larte,         •       • 

Melo«lra 

Synedra,    .       •       •       • 

CyanopbyoecB. 
Alff^t 

AJEnMALB. 

InAiBorta,    .... 

CryptomoDaSf  •  •  • 
DlDObryon,  ... 
MaUomonas,     •       •       • 

Vermes.      •      •      •      . 

Crustacea*  •      •      •      • 

Gyelopst  •  •  •  • 
Daphnla*    •       •       .       . 

JRseeUmeoiM ,  ZoOgkna, 

TOKAXi*        .... 


24 
22327 


26 
28284 


24 
24408 


22 
26444 


t 

0 
0 
0 
2 

0 

0 


1,045 

736 
29 
94 

172 

0 
8 


10 

0 
7 
0 
8 

11 
8 


198 

8 

173 

0 

6 

0 

10 


404 

400 
0 
0 

0 

0 

0 
0 


40 

8 

29 

0 


0 

0 
0 


1 

0 

1 

0 


0 

0 
0 


23 

0 

2 

12 


pr. 

pr. 

pr. 


411 


ifin 


88 


288 
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Chemical  Examination  of  Water  from  Fomar  Reservoir  on  the  Manhan  Biver, 

Southampton, 

[Puts  per  100,000.] 


1 

Appbasavcb. 

RiSlDUS  OK 

£VArOHA- 

TIOM. 

Ahhohia. 

a 

i 

.12 

1 

NmtOOBK 
AS 

s 

s 

5 

1 

& 

1 

^ 

1 

Lesson 
Ignition. 

1 

Albuminoid. 

t 

s 
5 

^ 

% 

• 

1 

.1 

i 

1 

22006 

Jan.  26 

1 
V.sUgbt. 

V.  slight. 

.81 

2.76 

1.16 

.0000.0104 

.0006 

.0008 

.0080.0000 

.80 

22325 

Feb.  22 

V.  slight. 

V.  slight. 

.28 

8.10 

1.10 

.0002 

.0066 

.0048 

.0008 

1.18 

.0070  .0000 

i 

.26 

22624 

Mar.  22 

V.  slight. 

V.  slight. 

.88 

2.26 

0.00 

.0006 

.0064 

.0068 

.0016 

.08 

.0020.0000';. 31 

1           ' 

23008 

Apr.  27 

V.  slight. 

Blight. 

.80 

8.00 

1.00 

.0004 

.0000 

.0086 

.0004 

.11 

.0050.0001 

.87 

93282 

May  24 

V.  slight. 

V.  slight. 

.87 

8.00 

1.06 

.0004 

.0106 

.0008 

.0008 

.10 

.0020.0001! 

1 

.83 

28660 

Jane  21 

V.  slight. 

Cons. 

.47 

4.00 

1.76 

.0010  .0114 

.0102 

.0012 

.00 

.0000 

.0001 

.68 

24066 

July  26 

V.  slight. 

V.  slight. 

.28 

4.80 

1.40 

.0006  .0078 

.0066 

.0012 

.06 

.0010 

.0001 

.26 

24400 

Ang.  28 

None. 

V.  slight. 

.40 

4.26 

1.60 

.0004 

.0132 

.0116 

.0016 

.08 

.0020 

.0000 

.56 

24804 

Bept.  27 

V.  slight. 

Blight. 

.40 

4.60 

2.10 

.0006 

.0134 

.0122 

.0012 

.11 

.0050 

.0000 

.66 

26106 

Oot.  26 

V.  slight. 

V.  slight. 

.78 

4.26 

1.06 

.0004 

.0164 

.0140 

.0014 

.18 

.0080 

.0000 

.84 

26446 

Nov.  21 

V.  slight. 

None. 

.66 

8.40 

1.80 

.0006 

.0186 

.0120 

.0016 

.08 

.0040 

.0001 

.74 

**  * 

26708 

Dee.  38 

V.  slight. 

V.  Blight. 

.20 
.40 

8.46 

1.15 

.0006 
.0005 

.0126 
.0100 

.0002 
.0006 

.0084 
.0013 

.12 
.10 

.0010 

.0028 

1 

.0001 
.0000 

.80 

.46 

Av*.. 

8.60 

1.40 

1.2 

Odor,  generally  faintly  vegetable  or  none,  sometimes  mnsty. No.  28282  was  eolleeted  fron  the 

outlet  of  the  pipe  whioh  oonveys  water  from  FOmar  Reservoir  to  Ashley  Pond ;  the  other  samples  were 
collected  from  the  reservoir. 


Water  Supply  of  Hopedale. 

(See  MOford.) 


Water  Supply  of  Hudson. 

The  source  of  supply  is  Gates  Pond  in  Berlin.  The  pond  has  an 
area  of  about  90  acres,  a  maximum  depth  of  80  feet  and  an  average 
depth  of  30  feet.  During  the  year  1897  a  new  dam  was  constructed 
on  tlie  brook  below  the  outlet  of  the  pond,  by  which  the  water  of  the 
pond  will  be  raised  about  2  feet,  and  the  drainage  area  considerably 
increased.  In  1898  works  were  constructed  for  the  diversion  into 
the  pond  of  the  water  of  Fosgate  Brook,  which  flows  near  the  pond 
and  at  a  higher  level  but  in  another  water-shed.  The  water-shed 
of  Fosgate  Brook  contained  about  15  acres  of  swamp  land  through 
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which  the  brook  passed,  and  the  water  from  this  portion  of  the 
stream  was  very  highly  colored.  A  ditch  was  built  around  the  edges 
of  this  swamp,  to  intercept  the  water  from  the  higher  land  as  it 
flows  toward  the  brook  and  prevent  it  from  passing  over  the  swamp. 
The  water  which  falls  upon  the  swamp  is  diverted  from  the  brook- 
by  means  of  a  line  of  pipe  laid  to  a  point  outside  the  water-shed. 
These  works  were  completed  about  Oct.  1, 1898,  and  the  eflfect  upon 
the  quality  of  the  water  can  be  seen  by  referring  to  the  table  of 
chemical  analyses  of  water  from  Fosgate  Brook  which  is  given  on 
a  succeeding  page.  It  will  be  seen  that,  whereas  in  September, 
just  before  the  work  was  completed,  the  color  was  2.00,  in  October 
it  had  been  reduced  to  0.32  and  in  December  to  0.12.  A  corre- 
sponding reduction  will  be  noticed  in  the  organic  matter. 

Gates  Pond  now  has  a  water-shed  of  0.58  of  a  square  mile,  which 
contains  a  small  permanent  poi)ulation.  There  are  several  houses 
on  the  shores  of  the  pond  which  are  occupied  during  the  summer. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  Hudson,  relative  to  a  proposed  additional  water  supply 
to  be  taken  from  Fosgate  Brook  in  that  town,  may  be  found  on 
pages  22  to  24  of  this  volume. 

ChemieeU  Examination  of  Water  from  Gates  Pond^  Berlin, 

[Parts  per  100,000.] 


6 

o 

o 

o 


21847  Jao.  17 
22&70  Mux,  10 
22912  Apr.  90 
28188  I  Uaj  17 
28606  i  Jqm  18 
July  19 
24073  8«pt.l0 
2ft410    KoT.  17 


At. 


APTBA&kllCS. 


1 


s 

a 


o 

o 


V.  ellf ht. 
Nona* 
V.Bligbt. 
V.aHfht. 
V.  ■light. 
V.  alight. 
V.sHght. 
V.aUght. 


V.  Blight. 
V.  •light. 
Slight. 
Slight. 
V.  alight. 
Slight. 
SUght. 
V.  alight. 


.06 
.06 
.06 
.07 
.08 
.07 
.07 
.12 


.07 


KaaiDDB  on 

EVAPOBA- 
TIO!f. 


■ 

o 

% 

• 

■a 

11 

5 

% 

2.86 
2.20 
2.30 
2.10 
2.00 
2.fi0 
2.10 
2.60 


2.37 


1.00 
1.00 
0.06 
1.00 
1.80 
0.76 
0.76 
1.15 


0.09 


Amvokia. 


t 


Albuminoid. 


5 


•  S 

so 


.0066 
.0088 
.0016 
.0012 
.0010 
.0000 
.0004 
.0008 


.0019 


.0176 
.0128 
.0134 
.0148 
.0184 
.0174 
.0166 
.0182 


.0166 


.0170 
.0110 
.0108 
.0184 


.0006 
.0018 
.0026 
.0014 


.0162  .0032 
.0142  .0032 
.0184  .0032 


.0116 


.0188 


.0016 


.0022 


I 


.31 
.24 
.84 
.26 
.26 
.19 
.21 
.20 


.24 


XimOOBK 

▲8 


• 

I 


is 


.0020 
.0070 
.0040 
.0080 
.0020 


.0000 
.0000 
.0000 
.0000 
.0000 


1 


M 

o 


.ooaoj.oooo 
.ooool.oooo 
.0080L0001 


.14 
.14 
.12 
.17 
.21 
.18 
.23 
.23 


.0026.00001 


.18 


i 

O 

1 

n 


1.0 
0.8 
0.8 
0.8 
0.8 
0.6 
0.6 
0.8 

0.7 


Odor,  gvnarally  none.    On  heating,  the  odor  of  No.  28606  became  diatinetly  regetoble  and  graaey ; 
of  Ko.  »M6,  faintiy  mnety ;  of  No.  26410,  fMntiy  flaby. 


226 


STATE  BOARD  OF  HEALTH.         [Pub,  Doc, 


HUDttON. 


MicroBCopical  Examination  of  Water  from  ChUea  Pond^  Berlin, 

[ETaoiber  of  oiigmiilmiM  p«r  enbio  «eiitliiM(ar.] 


Jml 


lUnli. 


April.       May, 


Jnaa, 


Jnly. 


BOpw 


KOT. 


Dty  of  tiamlnatloa, 

Hombar  of  MmpUi  •       .       .      • 

PLAirrs. 
DlatomftOMB*     .... 

AslarlODoUaf      .... 

Molotln. 

TftbolUute, 

OyanophyoeM* . 

AD«bMI«« 

AlffW. 

Bapbldlom,       .... 

ANIMALS. 

InlVisorl* 

Dioobryottf        •      .      •      • 
Vorttotila, 

Vermes 

Oroataoe*, 

Mi9CtiktM0U9,  ZoOgkM,  • 

Total,       •      .      •      •      . 


siaer 


17 
28679 


21 
22012 


18 
22182 


14 
28fiOft 


20 
24072 


18 
2641« 


t 

1 

0 
0 

0 
0 


14 

0 

0 

18 


0 
0 

0 
0 


25 

161 

28 

100 
11 
80 

0 

0 

21 

16 

12 

0 
0 

1 


40 
40 

28 

8 


It 

8 

0 
0 


0 
0 

18 

8 


0 
0 


8 

0 

17 
10 


219 

76 

220 

11 

1 
0 

12 
9 


0 
0 


0 
0 


218 

214 
0 


0 
0 


20 

19 
0 


0 
0 


82 

80 
0 


18 

0 
16 


11 
0 


pr. 


pr. 


17t 

178 
0 


0 


8 


60 
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09 


68 


81 
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HIIDSON, 

Chemical  Examination  of  Water  fnm  Fasffoie  Brooke  in  Berlin, 

[Parts  per  100,000.] 


I 

S 

a 


tlSM 
S»tO 
S21M 

2iBll 
S3188 
S8S04 


SMn 


SMIT 
SMIO 


▲▼. 


6 


1) 

Jan.  17 
Jan.  38 
Feb.  14 
Mar.  16 
Apr.  20 
Mmj  17 
June  IS 
July  19 
Aug.  16 
Sept.  19 
Oet.  IT 
Nov.  17 
Dec.  18 


Apfbaxavob. 


I 

o 
H 


•J 

a 


V.aUght. 

V.  slight. 

V.  slight. 

V.  slight. 

y.  slight. 

V.sUght. 

None. 

BHghi. 

None. 

Blight. 

V.sUght. 

V.sUght. 

None. 


V.sUght. 

Oons. 

Cons. 

Slight. 

Cons. 

Oons. 

SUght. 

BUght. 

V.sUght. 

Cons. 

Slight. 

V.sUght. 

V.sUght. 


1.60 
1.80 

i.aoj 

0.80 
1.40 
2.00 
2.20 
1.80 
2.84 
2.00 
0.82 
0.22 
0.12 


RSSIDUB  0» 

EyxpoiA- 

TIO«. 


I 


1.1 


6.20 
4.26 
4.80 
2.00 
4.00 
4.S0 
6.00 
5.66 
8.06 
0.60 
8.06 
8.10 
8.06 


4.72 


2.86 
2.40 
2.10 
1.25 
2.46 
2.76 
2.76 
8.05 
6.90 
2.56 
1.86 
1.10 
1.00 


2.40 


AMMOiriA. 


I 


AUmminold. 


I 

11 

a 


t 
it 


.0006 
.0004 
.0006 

0004 
.0010 

0006 
.0006 
.0084 
.0062 
.00(0 
.0018 
.0000 
.0002 


.0268 
.0260 


.0172 
.0240 
.0806 
.0822 
.0418 


.0016 


.0448 
.0176 
.0042 
.0046 


.0248 
.0286 
.0220 


.0148 


.0802 
.0814 


.0612 
.0404 
.0102 
.0042 
.0042 


.0276 


.0268 


.0020 
.0014 
.0012 
.0024 
.0018 
.0004 
.0006 
.0062 
.0026 
.0044 
.0074 
.0000 
.0004 


.0022 


.22 
.18 
.21 
.16 
.14 
.16 
.16 
.14 
.10 
.11 
.10 
.17 
.20 


.16 


NiTBOonx 

AS 


I 


i 


.0000 
.0000 
.0000 


0080 
.0020 
.0120 
.0000 
.0080 
.0020 
.0010 
.0010 
.0000 
.0000.00001 


.0000 
.0000 

.0001 
.0001 

.QOOOlls 


.0020.0000 
.0008 


.0010 
.0080 


.0027 


.0000  0 


.0000 


B 

a 

I 


M 

o 


1.26 
1.24 
1.08 
0.68 
1.24 
1.44 
1.41 
1.66 

.14 
1.07 
0.48 
0.24 

.U 


1.8 
1.4 
1.8 
0.6 
0.8 
1.0 
1.0 
0.8 
1.8 
1.8 
1.8 
0.8 
1.0 


1.22  1.1 


*  Where  more  than  one  sample  was  eoUected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  In  making  the  average. 

Odor,  geoeraUy  faintly  vegetable,  sometimee  none.   The  odor  of  some  of  the  samples  beeame 
etranger  and  also  mnsty  on  heating. 


Chemical  Examination  of  Water  from  Tributaries  of  Fosgate  Brook. 

[FttU  per  100,000.] 


a 


5 


22017  I  Jan.  28 

I 
29018  i  Jan.  28 


€ 
£ 


I 


I 


V.slighL 
V.  alight. 


Cons. 
Cons. 


0.20 
1.26 


BinDOB  ojr 

EVAFOIA- 

nov. 


I 


2.16 
8.76 


0.75 
1.65 


AKMOnA. 


AlbamlDold. 


I 


> 

I 


I 

a 


.0002 
.0004 


.0062 
.0202 


.0060 
.0178 


.0002 
.0024 


e 

I 


.22 
.21 


NiTROOBX 

AS 


I 

e 

s 


.0020 
.0020 


.0000 
.0000 


a 

M 

o 


.22 
.05 


0.8 
1.0 


Odor,  none,  beeomlng  Tegstable  on  heating.— The  first  sample  was  ooUeeted  from  the  north 
bfaneh  of  Foegate  Brook,  Jest  above  lis  jonetion  with  the  south  branch;  the  second,  from  the  sonth 
branch,  jnet  above  tta  Jnnetloo  with  the  north  branch.  There  is  a  considerable  area  of  swamp  npon  the 
water-ehed  of  tlie  sonth  bmch. 
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HUUu 

Water  Sdpplt  op  Hull. 
(8e6  Bingham.) 

HuNTraoTON. 
The  adrice  of  tlie  State  Board  of  Health  to  the  water  commis- 
BioDei*s  of  the  Huntington  fire  district,  relative  to  a  proposed  sys- 
tem of  water  supply  for  the  district,  may  be  found  on  pages  24  to 
26  of  this  volume.  The  results  of  analyses  of  samples  of  water 
collected  from  Tarious  sources  in  the  town  during  the  investiga- 
tions in  connection  with  the  selection  of  a  source  of  water  supply 
are  given  in  the  following  table :  — 

(^lemitKil  Examination  of  Water  from  Voriout  Surface  Water  Source*  in  Bunt- 
ington  and  Vidnitt/. 

[PwU  pw  100,000  ] 


Odor  of  IIo.aiTOI,  tilBtlj  nfMmbla,  beOMDlag  »l«  mnalj  on  baUnc  So.  34120,  noM,  beannlBt 
lUntly  luiplauutDDtMtlDc;  HM.MU0,Bm,U6ZS,  HMI  ■adSTOS,  BOMi  No.SUll.  fUntlr  ■niulTi 

Ilo.MMT,Daae,  lwMniloj|fiUiitlr'*tMablaoafawila|;No.  HTM,  dliUnotJ;nt*ubta. TtHBrMtlma 

Mdiplai  van  oolleeMd  from  Qold  UIh  Brook;  tha  flnlaod  third  balngaoJloeud  from  a  potDlimr  lb* 
moQUi  of  tha  brook,  tha  aacond  /rom  tba  oppar  and  of  the  brook  Id  Blandford  at  a  polot  whrro  vatcr 
aan  ba  diniiad  loto  Iha  watar-alwd  of  Oold  Brook.  Hoa.  tant,  «WIS  and  34UI  wan  wllaoud  fron 
Cold  Brook,  U  a  polpt  from  which  watar  anu  b«  dlatrtbotod  10  Iba  vllUfg  of  HaatlDpon  by  iraTltj. 
Noi.  14007  aodUiZTwaraoollaetad  from  Blaek  Brook  In  Blaodford,  aear  lu  nppar  ood  In  thcTMohy  of 
■  polBt  whare  wUar  «d  b*  dinrtad  loU  Iha  watar-ahad  of  Cold  Brook.  ITo.  I3Tt3  wai  eollaatad  fnna 
Oook  Brook,  near  lla  mODlb.    Tba  laM  Miopia  wai  ooUestad  from  Woodruff  Brook,  naar  Ita  month. 
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hyds  pabk  and  mtltox. 
Water  Supply  of  Hyde  Park  and  Milton.  —  Hyde  Park 

Water  Company. 

The  source  of  supply  is  a  system  of  tubular  wells  on  the  shore  of 
the  Neponset  River  in  Hyde  Park.  Some  of  the  wells  are  located 
close  to  the  river,  while  others  are  situated  at  a  considerable  dis- 
tance from  it,  and  the  character  of  the  water  drawn  from  the  wells, 
as  indicated  by  analyses  of  samples  collected  from  different  groups, 
varies  greatly.  The  water  contains  a  large  amount  of  organic  mat- 
ter in  the  form  of  free  ammonia,  and  also,  at  times,  of  iron. 


Chemical  Examination  of  Water  from  the  Wells  of  the  Hyde  Park  Water  Company. 

[ParU  per  100,000.] 


S 
i 

Appbahavcb. 

1 

1^ 

AMMOnA. 

1 

NITBOOSV 

AM 

Oxygen 

Consomed. 

i 

s 

i 
§ 

X 

• 

a 

4i 

1 

• 

minold. 

m 

1 

S 

■ 

fl9U 

IMS. 

Jan.  18 

V.aHght. 

Slight. 

.06 

10.60 

.0106 

.0088 

1.46 

.1620 

.0006 

.08 

6.6 

.0100 

22216 

Feb.  U 

Nono. 

None. 

.06 

11.40 

.0104 

.0048 

1.40 

.1900 

.0006 

.06 

4.6 

.0080 

22S69 

ICar.  1ft 

None. 

V.aUght. 

.06 

8.60 

.0070 

.0082 

1.04 

.1400 

.0008 

.10 

8.8 

.0070 

22B10 

Apr.  90 

None. 

V.  alight. 

.06 

9.90 

.0098 

.0080 

1.18 

.1640 

.0002 

.07 

4.9 

.0040 

23186 

ICay  17 

None. 

None. 

.06 

9.60 

.0094 

.0046 

1.07 

.1890 

.0002 

.11 

4.0 

.0080 

286t2 

June  14 

None. 

None. 

.06 

9.80 

.0100 

.0046 

1.02 

.1420 

.0002 

.18 

8.8 

.0040 

sma 

July  10 

None. 

V.aUght. 

.07 

10.80 

.0186 

.0040 

1.12 

.1140 

.0002 

.18 

4.0 

.0040 

24S01 

Aug.  16 

V.  alight. 

None. 

.10 

10.60 

.0140 

.0068 

1.12 

.0840 

.0001 

.18 

4.7 

.0190 

240M 

Sepi.20 

V.aUght. 

V.aUght. 

.10 

U.OO 

.0174 

.0068 

1.16 

.0990 

.0002 

.16 

4.7 

.0160 

2S066 

Oct.  18 

V.  alight. 

V.aUght. 

.11 

11.00 

.0170 

.0074 

1.26 

.0920 

.0001 

1.17 

4.4 

.0260 

2S3T4 
26706 

Not.  16 
Dee.  90 

V.aUght, 

milky. 

V.aUght. 

V.aUght. 
V.aUght. 

.14 
.09 

.06 

10.60 
10.20 

.0146 
.0100 

.0044 
.0084 

1.19 
1.06 

.1180 
.0080 

.0001 
.0008 

.18 
.10 

4.4 

8.9 

.0260 
.0180 

At... 

10.28 

.0120 

.0046 

1.17 

.12n 

.0008 

.12 

4.4 

.0U8 

i 

Odor,  none.    On  heating,  the  odor  of  Noa.  25066  and  26874  beoame  faintly  nnpteaaant  or  diaagreeable. 
— —  The  aamplee  were  eoUeeted  from  a  fanoet  at  the  pumping  atatlon. 
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Water  Supply  of  Ipswich. 

The  source  of  supply  is  a  storage  reservoir  on  Dow's  Brook  in 
Ipswich.  The  reservoir  has  an  area  of  17.5  acres,  a  maximum 
depth  of  20  feet,  an  average  depth  of  9.6  feet  and  a  storage  capacity 
of  55,000,000  gallons.  All  of  the  soil  and  organic  matter  was  re- 
moved from  the  area  flooded.  The  water-shed  of  the  reservoir  has 
an  area  of  0.94  of  a  square  mile,  which  contains  a  population  of  48 
per  square  mile.  A  large  part  of  this  population  is  located  quite 
close  to  the  shores  of  the  reservoir,  or  near  small  brooks  which 
enter  the  reservoir  directly. 


Chemical  Examination  of  Waierfrom  Dow^s  Brook  above  the  Storage  Reservoir  of 

the  Ipswich  Water  Works. 

[VitB  p«r  100,000.] 


ArPBAKAMCB. 

Rbbious  on 

EVAPOBA- 
TIOV. 

AmroviA. 

• 

S 
1 

5 

.36 

MiTBOOKM 
AS 

i 

1 

1 

o 

• 

1 

i 

1 

• 

5 

§1 

r 

• 

1 

Albamlnoid. 

1 

s 

i 

^ 

1 

it 

CO 

. 

31968 

IMS. 

Jan.  34 

SUghk 

Oona. 

0.60 

3.66 

1.60 

.0010 

.0484 

.0144 

.02901 

.0080 

.0000 

.68 

228M 

F«b.  31 

V.  slight. 

V.  alight. 

0.66 

4.30 

1.70 

.0004 

.0100 

.0066 

.0012 

.68 

.0070 

.0000 

.43 

32000 

Mar.  31 

V.  alight. 

V.  Blight. 

0.60 

8.86 

1.36 

.0000 

.0110 

.0096 

.0014 

.61 

.0080 

.0000 

.47 

33M1 

Apr.  36 

Slight. 

Oons. 

1.10 

8.86 

1.70 

.0013 

.0346 

.0176 

.0070 

.88 

.0080 

.0002 

.96 

38366 

Hay  38 

V.  alight. 

V.alight. 

0.66 

4.60 

1.66 

.0006 

.0188 

.0118 

.0080 

.68 

.0040 

.0000 

.60 

88000 

June  80 

Slight. 

SUght. 

0.87 

4.60 

1.76 

.0012 

.0360 

.0903 

.0048! 

1 

.69 

.0010 

.0000 

.46 

34031 

July  36 

V.  Blight. 

Blight. 

0.60 

6.80 

3.00 

.0010 

.0148 

.0116 

.0062. 

1 

.89 

• 

.0010 

.0001 

.66 

34803 

Aug.  33 

V.allght. 

V.sUght. 

0.73 

6.06 

3.00 

.0010 

.0184 

.0170 

.0014 

.47 

.0080 

.0000 

.4« 

34768 

Sept.  36 

Slight. 

V.alight. 

0.86 

6.06 

3.00 

.0030 

.0288 

.0190 

.0042, 

.68 

.0080 

.0000 

.44 

36186 

Oot.  34 

None. 

V.  Blight. 

0.85 

4.06 

3.60 

.0000 

.0186 

.0126' .0010' 

.46 

.0010 

.0000 

.96 

36486 

Not.  31 

V.aUgbt. 

V.alight. 

0.90 

4.16 

1.90 

.0003 

.0166 

.0182- .0034 

1          i 

.41 

.0010 

.0000> 

.91 

1 

35776 

Deo.  37 

V.alight. 

V.alight. 

0.80 
0.68 

8.86 

1.46 

.0003 
.0007 

.0060 
.0188 

.0068 
.0184 

.0002 

.46 
.47 

.0060 
.0029 

.0001 

.oooo 

i.83 

At.«> 

4.36 

1.78 

.0049 

;.« 

l.S 

Odor,  generally  nonot  oceaaionally  faintly  vegetable.  On  heating,  the  odor  of  aome  of  the  aamplaa 
beoame  dlatlnctly  vegetable  and  •ometlmea  mnaty.  —  The  aamplea  were  oolleoted  from  the  brook,  at 
its  entrance  to  the  storage  reaervoir. 
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IPSWICH, 

Chemieal  ExanUruUion  of  Wetter  from  the  Storage  Beservoir  of  the  Ipswich  Water 

Works. 


[ParU  per  100,000.] 

1 

1 

Apfbaiaiicb. 

Kmidus  oh 

EVAPOSA- 
TIOV. 

Ammomia. 

§ 
.61 

liTlTBOOKN 
At 

i 

o 

1 

«s 

i 

^ 

§1 

r 

• 
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Albuminoid. 

g 

» 

1 

§ 

1 

» 

1^ 

CO 

1 

21964 

Jan.   84 

BUglit. 

V.  Blight. 

.41 

4.16 

1.60 

.0006 

.0170 

.0158 

.0012 

.0080 

.0000 

.41 

taaai 

F«b.  21 

V.tUght. 

V.BUght. 

.40 

4.05 

1.65 

.0020 

.0114 

.0090 

.0024 

.66 

.0070 

.0000 

.82 

8S007 

liar.  21 

Slight. 

SUght. 

.49 

4.15 

1.50 

.0016 

.0144 

.0126 

.0018 

.62 

.0060 

.0000 

.88 

ISMS 

Apr.  26 

Blight. 

Slight. 

.60 

4.00 

1.45 

.0014 

.0168 

.0184 

.0084 

.60 

.0060 

.0001 

.42 

SUM 

May  28 

V.tUght. 

V.tUght. 

.44 

4.00 

1.25 

.0014 

.0184 

.0142 

.0042 

.61 

.0060 

.0001 

.43 

S8606 

Jbim  20 

V.  aught 

Sttghl. 

.88 

4.70 

1.75 

.0014 

.0190 

.0174 

.0016 

.58 

.0020 

.OOOOi 

.46 

Siftt2 

Jidy  26 

Slight. 

SUght. 

.80 

4.06 

1.85 

.0012 

.0222 

.0186 

.0086 

.49 

.0000 

.0000 

.44 

aims 

Avig.  22 

SUght. 

BUght. 

.41 

5.20 

2.16 

.0014 

.0264 

.0248 

.0016 

.46 

.0040 

.0002 

.54 

MT80 

Sept.  26 

Blight. 

SUght 

.82 

5.05 

2.10 

.0018 

.0218 

.0184 

.0084 

.51 

.0020 

.0000 

.47 

S51M 

Get.    24 

Bedded. 

SUght 

.80 

0.20 

2.05 

.0076 

.0816 

.0212 

.0104 

.46 

.0050 

.0001 

.09 

sMae 

Not.  21 

SUght. 

V.sUgbt 

.68 

5.05 

1.80 

.0026 

.0172 

.0144 

.0028 

.48 

.0070 

.0000 

.62 

25777 

Dee.  27 

Blight. 

V.tUght 

.41 
.40 

4.80 

1.80 

.0010 
.0020 

.0126 
.0191 

.0122 
.0100 

.0004 
.0081 

.60 
.55 

.0060 
.0048 

.0008 
.0001 

.48 

.40 

1 

At... 

4.74 

1.79 

1.5 

OdoTt  geoeraUy  none,  oocaatonally  ftd&tly  ▼egetable  or  miitty.   On  heating,  the  odor  became  vege- 
uble  or  mntly. 


Miseroseopical  Examination  of  Water  from  the  Storage  Beservoir  of  the  Ipsrdich 

Walter  Works, 

[Number  of  organlamt  per  coble  oentlmeter.] 


1899. 


Jan. 


reb. 


Mar. 


Apr. 


May- 


Jane. 


July. 


Ang. 


Sept 


Oct. 


Nov. 


Dec 


Day  of  examixkafcloD, 
Nmnber  of  taaaple, 


26 


28 


2195422295 


22 


26 


2260722952 


28 
28266 


21 
28008 


25 
24022 


23 


27 


2489824760 


25 
25186 


22 
25436 


28 
25777 


PLANTB. 
DlatomaceflB, 

Synedra, 


Aleee, 


0 

2 

8 

12 

25 

H 

2 

84 

6 

20 

8 

0 

0 

5 

8 

21 

12 

2 

92 

1 

10 

8 

0 

0 

0 

6 

46 

68 

10 

0 

0 

1 

0 

H 
14 
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.IPSWICH, 

Microscopical  Examinalion  of  Water  from  the  Storage  Reservoir  of  the  Ipswich 

Water  Works  —  Ck>]icladed. 

[Nombtr  of  orgaDieme  per  eabio  centimeter.] 


» 

IMS. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnlj. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

ANIMALS. 

Infusoria, 

18 

0 

15 

m 

504 

t 

70 

8 

Dlnobryon, 

Mallomonas 

Peridlniam, 

0 

0 

18 

0 
0 
0 

16 
0 
0 

0«4 
0 
0 

480 

U 

8 

0 
0 
2 

0 

70 

0 

0 
2 
0 

Vermes, 

1 

0 

1 

0 

4 

0 

1 

0 

Crustacea,  Boamina,  • 

0 

0 

0 

0 

0 

0 

0 

pr. 

MUeeltatuout,  ZoSglon,  .       • 

8 

8 

5 

8 

15 

10 

8 

60 

Total, 

17 

5 

10 

29 

91 

1,057 

585 

106 

78 

80 

15 

14 

Water  Supply  op  Eikoston. 

Chemical  Examination  of  Water  from  Faucets   supplied  from  the   Kingston 

Water  Works, 

[Parte  per  100,000.] 


■ 

APPSAlAHOn. 

1 

AXMOKIA. 

Chlorine. 

NxTBoasir 

AB 

1 

• 

3 

e 

1 

a 

• 

• 

*j 

1 

1 

Albn- 
minold. 

S 

• 

1 

• 

28815 

1898. 

Feb.  21 

None. 

None. 

.01 

4.70 

.0008 

.0010 

.78 

.0180 

.0000 

.08 

1.0 

.0026 

82468 

Mar.    7 

None. 

None. 

.00 

5.10 

.0000 

.0010 

.72 

.0070 

.0000 

.01 

1.1 

.0040 

24628 

Sept.  12 

None. 

None, 

.01 

6.60 

.0000 

.0000 

.76 

.0100 

.0000 

.06 

1.8 

.0000 

26256 

Nov.    1 

None. 

None. 

.02 

4.80 

.0000 

.0002 

.78 

.0080 

.0000 

.02 

1.1 

.0010 

^▼•.« 

.01 

5.15 

.0000 

.0006 

.« 

.0095 

.0000 

.06 

1.1 

.0017 

Odor,  none. 


Water  Supply  op  Lancaster* 

(See  ClifUon,) 
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liAWBENCE. 


Water  Supply  of  Lawrence. 


The  source  of  supply  is  the  Merrimack  River,  above  the  thickly- 
populated  portion  of  the  city.  The  river  water  is  filtered  through 
a  sand  filter  having  an  area  of  2.5  acres,  which  has  been  fully  de- 
scribed on  page  543  of  the  annual  report  for  1893.  The  filtered 
water  is  pumped  to  a  large  open  distributing  reservoir.  The  re- 
sults obtained  by  the  use  of  the  filter  are  shown  in  a  subsequent 
portion  of  this  report  upon  the  purification  of  water. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Lawrence, 
relative  to  increasing  the  capacity  of  the  Lawrence  city  filter,  may 
be  found  on  pages  26  to  28  of  this  volume. 


ChemiccU  Examination  of  Water  from  the  Merrimack  Biver  cU>ove  Lawrence^ 

opposite  the  Intake  of  the  Lawrence  Water  Works, 

[Parts  per  100,000.] 


■ 

• 

i 

i 

Aptbasancs. 

Bbsiduk  om 

EVAPOIA- 
TIOM. 

AXMOVIA. 

• 

.24 

NiTBOOXK 

▲e 

1 

1 

1 

o 

^ 

1 

1 

• 

1 

« 

§1 

r 

1 

Albaminoid. 

1 

• 

1 

a 

• 

1 

1 

• 

21M6 

ISM. 

Jan.  19 

Slight. 

Slight. 

.41 

8.66 

1.46 

.0016 

.0170 

.0160 

.0020 

.0090 

.0002 

.45 

1.6 

S22S7 

Feb.  1« 

Decided. 

Slight. 

.48 

8.75 

1.50 

.0040 

.0156 

.0188 

.0018 

.25 

.0090 

.0002 

.42 

1.1 

asm 

Mar.  16 

Deolded. 

Cone. 

.44 

2.66 

1.00 

.0018 

.0176 

.0106 

.0068 

.11 

.0050 

.0000 

.46 

0.6 

ssns 

Apr.  19 

Slight. 

Cone. 

.50 

8.05 

1.40 

.0010 

.0150 

.0112 

.0088 

.18 

.0020 

.0000 

.40 

0.5 

SSSM 

May  18 

Slight. 

Gone. 

.57 

8.05 

1.45 

.0028 

.0160 

.0128 

.0082 

.17 

.0080 

.0001 

.62 

1.1 

a»7o 

Jane  16  j 

SUght. 

Cone. 

.46 

8.00 

1.40 

.0084 

.0250 

.0192 

.0058 

.20 

.0070 

.0004 

1.40 

1.0 

280n 

Jvly  30 

Decided. 

Gone. 

.81 

4.40 

1.05 

.0128 

.0282 

.0182 

.0060 

.25 

.0060 

.00031  .39 

1.8 

S483B 

Aug.  17 

Slight. 

Oons. 

.50 

4.80 

3.05 

.0120 

.0804 

.0242 

.0062 

.27 

.0010 

.0004 

.62 

1.4 

S4713 

Sept.  21 

Slight. 

Gone. 

.84 

4.56 

1.70 

.0006 

.0274 

.0192 

.0082 

.28 

.0060 

.0004 

.44 

1.4 

S106 

Oct.  18 

V.elight. 

V.elight. 

.52 

4.05 

2.20 

.0068 

.0284 

.0186 

.0048 

.28 

.0050 

.0018 

.79 

1.6 

2U00 

Not.  16 

Slight. 

Slight. 

.51 

4.15 

1.90 

.0022 

.0276 

.0254 

.0022 

.22 

.0060 

.0000 

.82 

1.0 

SS725    Deo.  21 

SUght. 

V.elight. 

.41 
.45 

3.05 

1.55 

.0082 
.0050 

.0166 
.0212 

.0140 
.0160 

.0026 
.0048 

.20 

.22 

.0070 
.0058 

.0002 
.0008! 

.47 
.68 

1.0 

At 

3.90 

1.63 

1.1 

1 

Odor,  ftdnlly  TegeUhle  or  maety. The  eamplee  were  collected  from  the  riTer,  oppoeite  the  in. 

tike  of  the  Lawrence  water  worke,  abont  1  foot  beneath  the  eurfaee.  For  a  compariion  of  the  analyeee 
of  the  riTer  water  at  Lowell  and  Lawrence  for  a  aeriee  of  yeare,  eee  **  Merrimack  River,"  in  the  chapter 
on  **  Examination  of  BiTere." 
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LA.WSBMCB. 

Chemieal  Examinaiiim  of  Water  from  the  Sierrimaek  River  afier  patting  through 
the  Band  FiUer  of  the  Lawrence  Wider  Workt. 

[F»rM  p«rlM.(l«l.] 


i 

Ap»^h:^ 

BUIKCI  0» 

^„„. 

i 

.«o 

IS 
.31 

NiTHWUf 
A* 

^ 

f 

1 

1 

i 

ii 

1 

1 

1 

1 

ilhi 

1 

sioo* 
isssa 

3»IM 
SHU 

-1 10.  n 

F.b.  IS 

11 

Dm.  a 

1     '■ 

1 

81 

WSf... 

eitfbt. 

S11(lit. 

v"iibt- 

3^ 

M 

.90 
.M 
.40 

.00 

!u 

.» 

4.M 

f.M 

t.U 

t.u 
4!m 

l.U 
1.W 

1^70 
l.H 

.ooee 

.OlM 

ioOBI 
.00*1 

:oow^:oow'.ooo« 

.oo««.«a«4.ooos 
.ooaa^.ooai  .oooo 

!  00801  iMwl;  0000 
.0060  .OOM  .0004 
.QISO  .0140  .0010 
.0008  .OOM  .DOM 

.OOSa  .DOTS  ,0010 

.OIU  .OlSO  .OOM 
.0001  .OOM  .0000 

.0520 

.oseo 

.OHO 

.ono 

loco 
!oi>o 

!ooo 

.0000 
.0003 

.a 

i.n 

..40 

l.« 
l.S 

il 

i!o 

i:! 

^^ 

.41 

4.M 

l.« 

.OlOT 

.0000  .0084  .oow 

m 

on 

OOQli:«S 

in 











Chemieal  Examination  of  Water  from  the  Dittr&tuting  Setervoir  of  fht  Lawrtnee 
Water  ffiwfa. 


(P«U 

p.rH«,MO.] 

1! 

1 

•^ 

1 
"""""■     1 

J 

HmoGm  [  ■% 

1 

1 

1 

i 

1 

F 

i 

1 

i;! 

1 

A 

1 

£1010 

3UI3 
StlOT 

Fab.  10. 
Mar.  10. 

SI 

Sli!: 

T.ililhl. 

mi(hi. 

«S; 

V.lHlbt. 

V  .1. 

V  It: 

V  IE 

V  rt. 

V  It. 

V  ": 

V  It. 

:S 

.38 

.31 

.16 

'.a 

4.M 
4!o6 

s.io 

4!u 

4:» 
4.06 

4!Ta 

iloo 

.0018 

.ooec 

3 
1 

1 

0108 
.oliS 

S 

001. 

om 
oia 

oia 
ous 

1 

.0180 

n 

10 

n 

10 

i 

.014 
.0«T0 

.otio 

.0140 

.02* 

!014l 

OOOli.li 

0000  .so 

0000  .10 

0001  ..» 

ioooi  '.a 
!ooo»  !» 

; 

.u 

..» 

1.M 

™™ 

.». 

. 

.»=. 

1, 

lor  ot  No.  tUM,  fulDtlr  mtut; ;  of  lb*  aOtn,  D0»,  besomlnt  Mnlly  natubl*  on  bHtlD|. Tba 

■■  ware  eoilacMd  Itom  ft  taneM  it  tba  fBta-beOM,  ood  raprnxnl  witar  Ilowlni  oal  irf  Ih*  tiim^lr. 
■VTDli  b  nppUed  *ltb  BH«rad  nur. 
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liXuB* 


Water  Supply  of  Lee.  —  Berkshire  Water  Company. 

OhemiccU  Examination  of  Water  from  the  Upper  Reservoir  of  the  Berkshire  Water 

Company, 

[Puts  per  100,000.] 


a 


ttiei 

9U78 


Ay. 


a 

S 


Apr.  t7 
JoDe  7 
Sept.  8 
Oei.  26 

8 


APPBABAHOS. 


tf 

9 


e 


8 


SUght. 
SUght. 
V.ftUght. 
V.eiifht. 
V.  slight 


BUght. 
Blight. 
Blight. 
V.alighU 
V.  •light. 


.90 
.88 
.48 
.41 
.28 


.84 


RaaiDUB  ov 

Eyapoba- 

TIOM. 

• 

ji 

^ 

l^ 

H 

3 

2.16 

1.00 

2.26 

1.10 

2.46 

1.80 

2.76 

1.96 

2.46 

1.06 

2.41 

1.84 

AmtONIA. 


Albamlnoid. 

1 

■i 

1 

1 

1 

il 

h( 

H 

s 

OQ 

I  I 


.0004 
.0004 
.0088 
.0000 

.0018 


.0018 


.0164 
.0202 
.0288 
.0868 
.0078 


.0216 


.0112 
.0188 
.0218 
.0268 
.0080 


.0167 


.0042 
.0064 
.0072 
.0008 
.0018 


.0068 


■ 

.08 

KlTBOOBK 
Aft 

1 

« 

.0020 

.0000 

.08 

.0000 

.0001 

.10 

.0000 

.0000 

.06 

.0010 

.0000 

.08 

.0010 

.0000 

.07 

.0006 

.0000 

a 

a 

a 


o^ 


.44 

.60 
.76 
,40 


.68 


3 


0.8 
0.6 
0.8 
0.6 
0.6 

0.6 


Odor,  felntly  Yegetable,  beooming  stronger  on  heating;  in  Beptember,  faintly  nnpleatant;  and  in 
Oeteher,  faintly  diaagreeable. 


Chemical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Berkshire  WaJter 

Company, 

[Parts  per  100,000.] 


1 

BaSIDUB  OK 

BVAPOBA- 

TION. 

Ammonia. 

9 

e 

i 

.08 

KiTROGBK 
AS 

B 

1 

1 

1 

Lesson 
Ignition. 

• 

1 

Albuminoid. 

1 

1 

2 

s 

Total. 

1 
1 

Sus- 
pended. 

1 

fl 

B 

AYerage  of  five  samples  oolleeted  in 
April,  June,  September,  October  and 
I>eeember,  1898. 

.28 

8.84 

1.48 

.0004 

.0114 

.0008 

.0018 

.002S 

.0000 

.40 

1.4 

Odor  In  April,  faintly  Yegetable,  beooming  distinctly  Yegotable  and  faintly  fishy  on  heating;  in  Jane, 
none,  beeomlog  faintly  mosty  on  heating;  in  September,  none;  in  October,  faintly  Yegetable;  In  De- 
eember,  dietlnetly  disagreeable. 
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liEICXESTEB. 

Water  Supply  of  Leicester  Water  Supply  District, 

Leicester. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Leieesier  WaUr  Supply 

District, 


[ParU 

pm  100,000.] 

i 

■ 

«  « 

B  ► 

1 

AMMOiriA. 

1 

1 
1 

e 

§ 
.88 

StnoQEx 

AS 

Oxygen 

Consnmed. 

> 

1 

e 

1 

.    1 

< 

i 

1 

Nitrites. 

■ 

ATtragc  of  three  faiBplae  ooUeeted  in  Jann- 
ary,  May  and  September,  1898. 

.10 

4.97 

.0008 

.0088 

.0747 

.0000 

.12 

3.0 

.0068 

Odor,  none.— —The  eamplee  were  oolleoted  from  a  faueet  In  the  tillage. 

Water  Supply  of  Lenox. — Lenox  Water  Company. 

The  source  of  supply  is  a  storspg^  reservoir  on  the  head  waters  of 
Williams  Eiver.  The  reservoir  has  an  area  of  7  acres,  an  average 
depth  of  about  9  feet,  a  storage  capacity  of  20,000,000  gallons  and 
a  water-shed  of  0.61  of  a  square  mile.  The  water-shed  contains  a 
population  of  about  17  per  square  mile. 

The  advice  of  the  State  Board  of  Health  to  the  Lenox  Water 
Company,  relative  to  improving  the  quality  of  the  water  supplied 
to  the  town,  may  be  found  on  pages  28  to  30  of  this  volume. 


C?ieniical  Examination  of  Water  from  the  Inlet  to  the  Reservoir  of  the  Lenox  Water 

Company. 

[Parts  per  100,000.] 


i 


89006 
88784 
88710 
84411 
84876 
86181 
86764 


At. 


8 


Feb.  7 
Apr.  7 
Jane  87 
Ang.  22 
Sept.  89 
Oot.  26 
Deo,  88 


Appbjlbavcx. 


V.  alight. 

V.aUgbt. 

V.  alight. 

V.elight. 

V.aUght. 

None. 

None. 


I 


I 


Slight. 

Slight. 

Slight. 

V.elight. 

Slight. 

V.eUght. 

V.  alight. 


.08 
.06 
.09 
.10 
.00 
.00 
.00 


.08 


RseiDUB  oir 

BVAPOKA- 
TIOV. 


I 


8.80 
8.86 
8.66 
7.801 
10.76 
8.10 
8.00 


§1 


0.80 
0.86 
0.76 
1.86 
1.46 
1.00 
0.86 


7.88  l.Ol 


Ammovia. 


Albuminoid. 


I 


.0002 
.0004 
.0004 
.0088 
.0002 
.0004 
.0004 


.0008 


.0084 

.0084 

.00481 

.0144 

.0072 

.0088 

.0088 


J! 


i 


.0068 


.0084 
.0028 
.0040 
.0128 
.0060 
.0020 
.0084 


.0000 
.0006 
.0006 
.0016 
.0082 
.0008 
.0002 


.0046.0008 


.08 
.08 
.07 
.08 
.10 
.08 
.06 


.07 


NlTBOOBX 


• 


-c 
at 


.0180 
.0070 
.0080 
.0010 
.0020 
.0010 
.0010 


.00081 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0080 


0 


.0000| 


.07 
.09 
.07 
.20 
.11 
.16 
.10 


.11 


6.8 
4.8 
6.9 
6.8 
7.9 
6.8 
8.1 


6.8 


Odor,  none. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


237 


liBNOX. 

Chemical  Examination  of  Water  from  the  Storage  Beservoir  of  the  Lenox  Water 

Company. 

[ParU  per  100»000.] 


1 


SIMS 


38717 
34413 
3487ft 


At. 


s 

's 
s 

& 


Jan.  34. 
April?. 
Jini«37. 
Aug.  23. 
Sept.  29. 
Oet.  26. 
Dee.  11. 


Appbasahcb. 


1 

B 


V.sHglit. 

Slight. 

SUght. 

y.ellglit. 

V.  alight. 

None 

V.  alight. 


i 


5 


V.  slight. 

Blight. 

SUght. 

V.  alight. 

V.allght. 

V.  alight. 

Kooe. 


.Oft 
.Oft 
.00 
.10 
.00 
.13 
.08 


.08 


RsaiDUK  ON 

EVAPOBA- 

TIOK. 

« 

1 

Loss  on 
Ignition. 

6.00 

0.86 

6.66 

0.76 

8.10 

0.86 

0.60 

1.26 

10.06 

l.ftO 

8.60 

1.26 

7.86 

0.86 

7.92 

1.0ft 

AXMOXIA. 


Albuminoid. 


I 


i 


I 

to 


.0002 
.0000 
.0032 
.0044 
.0008 
.0002 
.0004 


.0012 


.0080 
.008ft 
.0144 
.0382 
.008ft 
.0008 
.0086 


.0007 


.0090 
.002ft 
.0098 
.0334 
.OOftO 
.0000 
.0084 


.0088 


.0000 
.0010 
.004ft 
.0008 
.0036 
.0008 
.0002 


.0014 


9 

s 

o 


.00 
.06 
.07 
.08 
.08 
.00 
.08 


.08 


Niraoosv 

▲8 


1 


.0080 
.0060 
.0010 
.0080 
.0000 
.0030 
.0070 


.0084 


.0000 
.0000 
.0000 
.0000 


.1ft 

.08 
.1ft 
.34 
.0000'  .16 


a 


I 

o 


.0000 
.0000 


.0000 


.20 
.13 


.1ft 


i 


4.ft 
4.0 
6.4 
ft.7 
7.9 
ft.O 
ft.O 

1.8 


Odor»  nona.  — —  The  aamplea  were  eoUeeted  from  the  reMrvoir  on  WUliama  River,  near  ita  outlet. 


Wateb  Supply  of  Leominster. 

The  sources  of  supply  are  Morse,  Haynes  and  Fall  Brook  reser- 
voirs. Haynes  Beservoir  has  an  area  of  58  acres,  a  maximum 
depth  of  12  feet  and  a  capacity  of  140,000,000  gallons.  A  large 
portion  of  the  area  of  the  reservoir  is  flooded  to  a  slight  depth 
when  the  reservoir  is  full.  The  bottom  was  originally  swampy, 
and  none  of  the  soil  was  removed  when  the  reseiToir  was  con- 
structed. The  drainage  area  of  the  reservoir  is  0.49  of  a  square 
mile,  which  contains  a  population  of  30  per  square  mile. 

Morse  reservoir  has  a  maximum  depth  of  23  feet  and  a  capacity 
of  40,000,000  gallons.  Its  bottom  is  said  to  be  sandy,  but  a  large 
portion  of  the  reservoir  is  quite  shallow.  The  water-shed  contains 
no  population. 

Fall  Brook  Reservoir  was  constructed  in  1896.  It  has  an  area 
of  82.5  acres,  an  average  depth  of  14.3  feet,  a  maximum  depth  of 
28  feet  and  a  storage  capacity  of  386,000,000  gallons.  The  soil 
and  organic  matter  were  removed  from  all  of  the  area  flowed  with 
the  exception  of  about  20  acres,  where  the  mud  was  so  deep  that  it 
was  not  removed,  but  was  covered  with  gravel  to  a  depth  of  from 
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15  to  18  inches.     The  reservoir  has  a  water-shed  of  1.26  square 
miles,  which  contains  a  population  of  20  per  square  mile. 

The  water  of  Haynes  Reservoir  has  always  given  much  trouble, 
as  it  contains  at  times  very  large  quantities  of  organic  matter,  much 
of  which  is  in  the  form  of  microscopical  organisms.  The  water  of 
Morse  Reservoir  is  of  much  better  quality,  although  it  is  affected 
unfavorably  by  the  water  of  Hajmes  Reservoir,  which  is  diverted 
into  it  at  times.  The  water  of  Fall  Brook  Reservoir  has  always 
been  of  good  quality,  and  its  quality  has  improved  each  year  since 
the  reservoir  was  first  filled  in  1896. 


Chemical  ExamincUion  of  Water  from  Haynes  Beservoir^  I/eommtUr, 

[ParU  p«r  100»000.] 
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Odor,  faintly  T^retahla  or  none.  On  heating,  the  odor  In 
Janoary,  alio  faintly  fiahy ;  and  in  November,  diaagreeable. 
reaerroir. 


of  the  Munples  beeame  atronger;  in 
The  aaaiplee  were  eoUeeted  from  the 


Microscopical  Examinatiion  of  Water  from  Haynee  Reservoir y  Leominster. 

[Nnmber  of  oi^uilama  per  enhle  eentlmeter.] 
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Micrasoopieal  Examination  of  Water  Jrom  Haynes  Reservoir^  Leominster — Con- 
cluded. 


[Number  of  organtoma 

per  oubie  centimeter 
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Chemical  Examination  of  Water  from  Morse  Beeervoir^  Leominster. 

[Parte  per  100,000.] 
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Odor,  faintly  ▼egelable,  aomettmea  none.    Tbe  odor  of  all  of  the  aamplea  waa  faintly  vegetable  wben 
Tbe  aanplea  were  eoUeeted  from  tbe  reeenrolr. 
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Microscopical  ExamincUion  of  WcUer  from  Morse  Reservoir^  Leominster. 

[Number  of  organkma  p«r  eabie  eeotimeter.] 
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Chemical  Examination  of  Water  from  Fall  Brook,  above  the  FaU  Brook  Beservdr. 

[ParU  per  100,000.] 
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FaU  Brook,  m  it  entere  the  reeenroir. 
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Chemical  ExamincUion  of  Water  from  Fall  Brook  Reservoir,  Leominster. 

[P«rU  p«r  100,000.] 
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Odor,  frequently  faintly  vegetable,  occasionally  none,  sometimes  musty.  —  The  samples  were  ool- 
tocted  from  the  reaerroir,  at  the  gate- house,  1  foot  beneath  the  surface. 


Microscopical  ExaminaHon  of  Water  from  Fall  Brook  Reservoir,  Leominster, 

[Nnmber  of  organisms  per  eubie  oentimeter.] 
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Microscopical  Examinaiion  of  Water  from  Fall  Brook  Reservoir,  Leominster — 

Concluded. 

[Nnmber  of  organlams  per  oublo  centimeter.] 
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Chemical  Examination  of  Water  from  Fall  Brook  Reservoir,  Leominster,  collected 

near  the  Bottom, 


[ParU  per  100.000.] 
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.0020 


6 

s 

g 


.0188.0028 


.28 
.19 
.18 
.18 
.18 
.16 
.18 
.14 
.14 
.12 
.16 
.15 


.16 


Nrrtoaur 

AS 


i 


i 
£ 


.0070 
.0080 
.0070 
.0070 
.0080 
.0060 
.0000 
.0010 


.0020 
.0010 
.0010 


.0001 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 


.0050.0000 


.0000 

.0001 
.0001 


.0040.0000 


.88 
.80 
.84 
.84 
.81 


.84 
.88 

.84 
.40 

•  .86 

1 


I 


0.8 
0.6 
0.8 
0.8 
0.6 
0.6 
0.8 
0.6 
0.6 
0.8 
0.6 
0.6 


0.6 


Odor,  generaliy  faintly  Tegetable  or  none,  sometimes  mnsty. 
the  reservoir,  near  the  gate>honse,  nboat  1  foot  lh>m  the  bottom. 


•The  samples  were  eoUecled  from 
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Microscopical  Examination  of  Water  from  Fall  Brook  Reservoir  Leominster,  cot- 

leeted  near  the  Bottom, 

[Kamber  of  orgulama  per  cnblo  MOtimeter.] 


ims. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jaoe. 

Jaly. 

Aug. 

Sept 

Oct 

Not. 

Deo. 

Day  of  ezamlnatlon,  .... 

26 

28 

28 

27 

26 

22 

27 

24 

28 

26 

28 

20 

Komber  of  sample^    .... 

81078 

22806 

22628 

22872 

28290 

28626 

24062 

24400 

24708 

2616626464 

26674 

PLAIVTS. 

# 

DlatomaoeflB,      .... 

84 

6 

115 

74 

4 

1 

6 

7 

If  526 

4,820  1,116 

Aatorionella*        •       •       •       . 
Bynedn, 

0 
84 

0 
8 

0 
100 

0 
64 

0 

4 

0 

1 

0 
0 

1,624 
0 

4,820 
0 

1.118 
8 

C7anophyce«B»  .... 

0 

0 

0 

6 

0 

0 

0 

15 

0 

10 

6 

Anabaoa* 

M«riMnop<BdU,    .       •       •       . 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

16 

0 
0 

10 
0 

0 
0 

Alg«. 

0 

It 

0 

1 

142 

47 

128 

0 

8 

0 

8 

Protoeoeens,        .... 
IUphklliua» 

0 
0 

12 

0 
0 

0 
0 

70 
68 

47 
0 

120 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Pu&^f  OraiotbriZa        ... 

0 

8 

0 

0 

0 

0 

500 

0 

0 

0 

ANUALe. 

InftLSoria, 

0 

0 

72 

0 

28 

1 

88 

68 

18 

18 

DlnobryoD, 

Bynerypta, 

« 

0 
0 

0 
0 

". 

0 
0 

20 

0 

0 
0 

88 
8 

60 
12 

8 

0 

8 

0 

Vermes, 

1 

6 

t 

0 

0 

8 

1 

2 

1 

1 

Oruetacea,  Cyclops,    . 

0 

pr. 

pr. 

0 

0 

0 

0 

0 

0 

0 

Mi9e4Uansaus,  Zo^CMLt  . 

2 

5 

5 

6 

8 

5 

5 

5 

5 

6 

Total, 

87 

17 

11 

106 

224 

88 

127 

606 

188 

1»601 

4,866 

1,132 

Water  Supply  op  Lexington. 

The  water  supply  is  taken  from  large  wells  and  tubular  wells  in 
a  meadow  in  the  valley  of  Vine  Brook  and  from  a  storage  reservoir 
on  Vine  Brook  about  a  mile  above  the  wells.  The  storage  reser- 
voir has  an  area  of  5^  acres,  a  capacity  of  14,000,000  gallons 
and  a  water-shed  of  0.3  of  a  square  mile,  which  contains  a  popu- 
lation of  about  30  per  square  mile.  The  water  of  the  reservoir 
contains  so  much  organic  matter  and  is  otherwise  of  such  poor 
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quality  that  it  is  used  only  when  the  yield  from  the  wells  is  insuffi- 
cient for  the  supply  of  the  town.  The  wells,  from  which  the  sup- 
ply is  ordinarily  obtained,  furnish  water  which  is  very  highly  colored 
and  contains  a  large  amount  of  organic  matter.  In  1897  a  mechani- 
cal filter  was  introduced,  the  water  being  passed  through  a  bed  of 
charcoal. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  Lexington,  relative  to  the  advisability  of  allowing  ice  to 
be  cut  from  the  reservoir  of  the  Lexington  water  works,  may  be 
found  on  page  125  of  this  volume. 


Chemical  Examination  of  Water  from  Vine  Brook,  above  the  Storage  Reservoir  of 

the  Lexington  Water  Works, 

[Pftrti  p«r  100,000.] 


1 

• 

Appkabanob. 

KK8IDUB  OK 

EVAPORA- 

TIOS. 

AmiOBIA. 

i 
1 

mnoQBH 

AS 

m 

1 

S 

1 

1 

«i 

1 

H 

Loss  on 
Ignition. 

1 

Albainin< 

i»id. 

1 

1 

§ 

1 

1 

s 

1 

4 

22206 

1898. 

Feb.  14 

None. 

V.  flight. 

.80 

5.85 

1.05 

.0024 

.0154 

.0124 

.0080 

.68 

.0960 

.0000 

.86 

2.1 

22285 

Feb.  18 

V.eMgbt. 

V.aUght. 

.28 

4.45 

1.05 

.0002 

.0124 

.0106 

.0018 

.42 

.0600 

.0000 

.28 

1.4 

22986 

Apr.  27 

Deeided. 

Slight. 

.41 

4.50 

1.80 

.0002 

.0260 

.0180 

.0060 

.40 

.0140 

.0001 

.42 

1.8 

2S306 

ICay  25 

Decided. 

Cone. 

.62 

4.80 

2.05 

.0016 

.0600 

.0208 

.0202 

.89 

.0080 

.0002 

.61 

1.6 

28666 

June  22 

Deeided. 

Cons. 

.87 

5.75 

2.10 

.0114 

.0186 

.0126 

.0060 

.52 

.0680 

.0006 

.87 

1.8 

24060 

Jaly  27 

Decided. 

Cods. 

.40 

7.75 

8.25 

.0116 

.0166 

.0116 

.0060 

.46 

.0820 

.0010 

.45 

2.1 

24465 

Ang.  20 

Slight. 

V.aUght. 

.18 

6.05 

2.10 

.0088 

.0106 

.0078 

.0028 

.64 

.0690 

.0004 

.20 

2.8 

24812 

Sept.  28 

Decided. 

Ooot., 

.50 

7.00 

8.70 

.0066 

.0468 

.0296 

.0172 

.40 

.0240 

.0006 

.96 

2.8 

25172 

Oot.   26 

V.eilght. 

green. 
V.aUght. 

.27 

e.70 

1.85 

.0012 

.0184 

.0114 

.0020 

.48 

.0740 

.0002 

.36 

2.1 

25460 

Not.  22 

V.  slight. 

V.aUght. 

.80 

5.00 

2.80 

.0010 

.0116 

.0102 

.0014 

.40 

.0410 

.0001 

.88 

2.0 

25784 

Dec.  27 

V.  Blight. 

V.aUght. 

.88 
.86 

4.15 

1.80 

.0000 

.0088 

.0112 
.0210 

.0106 

.0006 

.88 
.46 

.0040 
.0871 

.0002 

.41 

1.1 

Av.*. 

6.02 

2.29 

.0158 

.0066 

.0004 

.45 

1.8 

ii 1 

*  Where  more  than  one  aample  waa  collected  in  %  month,  the  mean  analyaia  for  that  month  has  been 
used  in  making  the  average. 

Odor,  Tegetable  and  occasionally  none ;  sometimea  mnaty  or  monldy ;  In  October,  feintly  nnidMaant, 
becoming  distinctly  nnpleaaant  and  ilahy  on  heating. 
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Chemical  Examination  of  Water  from  ike  Vine  Brook  Storage  Reservoir  of  the 

Lexington  Water  Works, 

[Parta  per  100,000.] 


I 


2296T 
28307 


21001 
24406 
24818 
25178 
25461 
25785 


Av.». 


Feb.  14 
Feb.  18 
Mat.  28 
Apr.  27 
May  25 
Jane  22 
July  27 
Aug.  20 
Sept.  28 
Oct.  20 
Not.  22 
Dee.  27 


Afpxabahoi. 


5 

s 


None. 

V.  slight. 

I>eeided. 

Decided. 

Deelded, 

green. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided, 
green. 
SUgbt. 


V.  slight. 

None. 

Gone. 

Blight. 

Gods., 

green. 
Cods., 


Cods., 

green. 
Cods., 

green. 
Cods., 

greeo. 
V.  slight. 

Cons., 

green. 
Slight. 


.18 
.21 
.87 
.42 
.40 
.80 
.41 
.89 
.40 
.80 
.75 
.28 


Rbsidcb  oh 

EVAPOKA- 
TIOS. 


I 

§1 


i 


.40 


2.90 
3.40 
4.05 
5.50 
4.85 
5.50 
0.85 
0.85 
6.95 
6.70 
7.25 
4.25 


5.54 


1.25 
1.55 
1.85 
2.55 
2.25 
2.40 
3.60 
8.25 
8.80 
8.15 
4.00 
1.95 


2.00 


Ammonia. 


Albuminoid. 


I 


.0004 
.0002 
.0088 
.0004 
.0018 
.0004 
.0010 
.0008 
.0044 
.0000 
.0086 
.0102 


.0024 


.0144 
.0168 
.0202 
.0262 
.0488 
.0506 
.0320 
.0608 
.0552 
.0680 
.0720 
.0280 


t 

s 

s 


OG 


.0489 


.0118 
.0180 
.0164 
.0186 
.0288 
.0826 
.0192 
.0848 
.0868 
.0886 
.0528 
.0242 


.0282 


.0026 
.0088 
.0006 
.0076 
.0200 
.0180 
.0128 
.0260 
.0184 
.0844 
.0192 
.0038 


.01571 


I 


.24 
.35 
.37 
.40 
.44 
.45 
.86 
.40 
.88 
.40 
.42 
.33 


.39 


NiTtOQSK 


8 


s 


.0150 
.0240 
.0150 
.0180 
.0100 
.0010 
.0010 
.0020 
.0010 
.0080 
.0010 
.0020 


.0000 
.0000 
.0000 

.0000 
.0001 


9 

s 

9 
■ 

p 
o 

M 

o 


i 


0.26  0.8 


0.34 
0.36 
0.58 
0.59 


.0067 


.0002  0.71 

.0000 

.0000 

.0000 

.0000 

.0000 

.0002 


1.03 

I 
l.OI 

1.30 

0.75 

1.08 

0.61 


0.8 
1.8 
1.8 
1.6 
1.7 
1.8 
1.4 
1.4 
1.6 
1.7 
1.8 


.0000.0.75;  1.4 

I        I 


*  Where  more  then  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  has 
been  need  in  making  the  STerage. 

Odor,  generally  none,  occasionally  distinctly  vegetable.    On  heating,  the  odor  became  distinctly 
▼egetable  or  disagreeable  and  sometimes  unpleasant. The  samples  were  collected  from  the  reserrolr* 

Microscopical  Examination  of  Water  from  the  Vine  Brook  Storage  Reservoir  of  the 

Lexington  Water  Works. 

[Nnmber  of  organisms  per  cnbic  centimeter.] 


1S9S. 

Feb. 

Feb. 

Mar. 

Apr. 

May. 

Jnns. 

jQly. 

Aug. 

1 

Sept.  1  Oct. 

1 

Not. 

Dee. 

Snml>er  of  aample. 

15 
22205 

23 
22286 

24 
22682 

27 

2n87 

26 
28807 

28 
28666 

28 

24061 

29 

24466 

29 
24818 

27 
25178 

23 
25461 

29 

25785 

PLANTS. 
DlatomaceflD 

Synedm, 

Al8«B 

Protocoeeaa.  •       •       •       . 
BaphidiaiD*     •       •       •       . 

0 
0 

0 

0 
0 

0 
0 

84 

84 

0 

2 
1 

40 

40 
0 

11 
11 

200 

200 
0 

116 
112 

8,105 

9,000 
85 

294 
292 

8,418 

8,400 
14 

48 

48 

18,003 

13,000 
0 

16 
16 

12,004 

12,000 
0 

9 

8 

12,402 

12,400 
0 

6 

4 

9,006 

9,000 
0 

8 

5 

8,004 

8,000 
0 

2 
0 

4,400 

4,400 
0 
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Microscopical  Examination  of  Waltrfrom  the  Vine  Brook  Storage  Beservoir  of  the 

Lexington  Water  Works — Concluded. 

[Number  of  organiaoM  p«r  cable  ocntiffletar.] 


1898. 

Feb 

Feb. 

Mar. 

Apr. 

Mmj. 

Jvne. 

jBlj. 

Ang. 

Sept. 

Oet 

Not. 

Dee. 

ANI1IAL8. 
Infusoria. 

Kuglena, 

PericUalam,    .... 

VermeB, 

0 

0 
0 

0 

0 

0 
0 

0 

40 

< 

88 

1 

5 

10 
0 

a 

Ot 

0 
52 

1 

1 

0 
0 

8 

60 

0 
00 

J 

188 

0 
122 

f 

60 

0 
56 

0 

18 

0 
11 

6 

a 

0 
6 

1 

0 

0 
0 

0 

JfltceUanwiUt  ZodgloM, 

0 

0 

10 

0 

12 

10 

15 

8 

10 

16 

6 

t 

Total, 

0 

84 

97 

888 

0,2M  8,788 

18,183  12,162  12,480  9,080  8,089  4,405 

Chemical  Examination  of  Water  from  the  Welle  of  the  Lexington  Water  Works, 

[Parte  per  100,000.] 


• 


,6 


I 


23808 
24158 
24468 
24814 
25174 


Av.« 


May  25 
Aug.  4 
Aug.  29 
Sept.  28 
Oet.   26 


AmAMAXQE, 


I 


I 


V.  Blight. 

V.ellgbt 

None. 

None. 

V.elight. 


None. 
V.  alight. 
None. 
V.elight 
BlighL 


1.05 
0.90 
1.14 
0.80 
0.87 


0.81 


8| 

s  ^ 

2 


7.75 
8.50 
9.80 
9.00 
U.IO 


9.25 


AMMOiriA. 


.0022 
.0012 
.0016 
.0014 
.0002 


.OOU 


a 


.0172 
.0174 
.0270 
.0178 
.0144 


.0179 


I 


.00 
.47 
.68 

.56 
.74 


.00 


JhTBOOKS 


I 


.1120 


.0720 
.0640 
.1080 


.0885 


.0001 
.0001 
.0000 

.0001 
.0001 


.0001 


0.72 
0.87 
1.96 
0.91 
0.56 


0.81 


i 


S 


8.0 
8.1 
8.1 
8.8 
4.4 


8.4 


.0060 
.0060 
.0180 
.0260 
.0100 

.0185 


*  Where  more  then  one  eample  hae  been  eollected  In  a  month,  the  mean  analyata  for  that  month  bee 
been  need  in  making  the  aTorage. 

Odor,  none.   On  heating,  the  odor  of  No.  24158  became  lUntty  mnety,  and  of  Noa.  24814  and  25174, 

faintly  vegetable. The  tamplee  were  coUeeted  from  a  fauoet  in  the  pumping  etatton,  and  reprmenl 

water  from  the  welle  before  it  hae  paeeed  through  the  meehanleal  filter. 
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I4EXINGTON. 

ChemiciU  Examination  of  Water  from  the  Wells  of  the  Lexington  Water  Works 

after  passing  through  a  Mechanical  Filter, 

[Parta  per  100,000.] 


I 

0 


14167 
M467 
84815 
26176 


>5' 

a 

m 


Av.*. 


Apr.  27 
May  25 

Avg.  4 
Aug.  20 
Sept.  28 
Ooi.   20 


ArPSABAVCB. 


I 
I 


s 


V.tUghC. 

None. 

V.  slight. 

None. 

None. 

None. 


None. 
None. 
None. 
None. 
Nooe. 
None. 


6 


.52 
.01 
.25 
.04 
.20 


.47 


I 

si 
II 


I 


11.20 
0.25 
0.00 
12.00 
10.70 
11.20 


10.72 


Ammomza. 


I 


.0010 
.0020 
.0030 
.0088 
.0036 
.0000 


.0025 


-6 

1 


.0118 
.0164 
.0110 
.0200 
.0102 
.0108 


.0138 


.67 
.56 
.50 
.58 
.54 
.78 


.60 


NlTROOBH 
AS 


1 


.1440 
.1060 
.0140 
.0660 
.0400 
.1120 


.0018 


I 


.0002 

.0008 
.0002 
.0082 
.0018 
.0002 


.0007 


I 

8 

S 


I 


I 


.60 
.58 
.20 
.00 
.42 
.43 


.50 


4.0 
4.3 
4.5 
4.0 
5.1 
4.7 


4.7 


.0050 
.0070 
.0080 
.0170 
.0040 
.0020 


.0061 


*  Where  nsore  thsD  ooe  sample  was  eoUeeted  In  a  month,  the  mean  analysis  for  that  month  has  been 
need  In  making  the  average. 

CMor,  none.— —The  samples  were  oolleoted  from  a  tap  at  the  pumping  station,  and  represent  water 
from  the  welle  that  has  passed  through  the  meohanical  filter. 

Watbe  Supply  op  Lincoln. 

(See  Concord  ) 

Water  Supply  of  Longmeadow. 
Chemical  Examination  of  Water  from  Cooky  Brook,  Longmeadow, 

[Parts  per  100,000.] 


• 

Rksidub  ok 

Btaposa- 

Tioa. 

Ammokia. 

1 
.10 

MiTtoesv 

AS 

■ 

D 

1 

1 

Loss  on 
Ignition. 

• 

1 

Albuminoid.    | 

i 

1 

1 

• 

£ 

• 

•8 

1 

1^ 

j 

Average  of  two  samples  ooUected  in 
Jaanary  and  August,  1808. 

.08 

4.82 

1.17 

.0018 

.0058 

.0041 

.0012 

.0245 

.0000 

.IS 

2.8 

Odor  in  January,  faintly  earthy;  in  August,  none. ^— The  samples  were  ooUected  from  a  fauoet  at 
the  pnasplng  station,  while  pumping. 

Wateb  Supply  of  Lowell. 

The  sources  of  supply  are  three  systems  of  tubular  wells.     There 
is  also  a  direct  connection  with  the  Merrimack  Biver. 

The  first  system  of  driven  wells,  known  as  the  <<Cook"  wells, 
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consists  of  51  6-inch  tubular  wells  and  40  wells  of  smaller  sizes, 
located  in  the  valley  of  River  Meadow  Brook,  a  short  distance 
above  Plain  Street.  The  wells  are  driven  to  depths  of  from  47  to 
67  feet.  The  land  in  which  these  wells  are  located  is  so  low  that 
at  times  of  high  water  in  the  brook  it  is  completely  flooded. 

The  second  system  of  tubular  wells,  known  as  the  ** Hydraulic" 
wells,  is  located  in  the  valley  of  River  Meadow  Brook,  near  the 
point  where  the  brook  is  crossed  by  the  old  Middlesex  canal  in 
Chelmsford,  and  about  a  mile  above  the  **  Cook"  wells.  This  sys- 
tem consists  of  120  2-inch  tubular  wells,  which  are  driven  to  an 
average  depth  of  about  45  feet.  The  wells  are  located  in  a  meadow, 
in  some  parts  of  which  there  is  a  considerable  depth  of  peaty  soil. 

The  third  group  of  wells,  known  as  the  ** Boulevard"  wells,  is 
located  on  the  north  bank  of  the  Merrimack  River,  about  a  quarter 
of  a  mile  above  the  Lowell  dam.  This  group  consists  of  169  2^ 
inch  wells,  driven  to  depths  varying  from  27  to  40  feet. 


Chemical  ExamtncUian  of  Water  from  the  Merrimack  Biver  above  LotoelL 

[Parts  per  100,000.] 


Uksidcb  om 

■ 

a 

Appbaeancb. 

EVAPOEA- 

Ammohia. 

NmooBK ; 

"8 

1 

TIOM. 

AS 

1 

a 

a 

• 

Albamlnold. 

a 

1 

• 

«i 

a 

1 

3 

5 

i 

• 

1 

1 

5 

si 

CO 

• 

• 
e 

1 

o 

• 

1 

1 

1 

5 

• 

8 
1 

ims. 

,1 

S1886 

Jan.  18 

V.  alight. 

V.altght. 

.40 

8.60 

1.00 

.0020 

.0146 

.0184 

.0012 

.18 

.0060.0001  -.40 

1.8 

22327 

Feb.  15 

Slight. 

V.aiight. 

.40  • 

8.65 

1.85 

.0034.  .0182 

.0104{ 

.0028; 

.20 

.00701.0001   .42 

0.8 

28564 

Mar.  15 

Decided. 

Oooa., 

.41  • 

2.60 

1.20 

.0012 

.0160 

.0122 

.0038 

.12 

.OOOOi.OOOl   .43 
.0080  .0000. SO 

1.0 

220tS 

April  20 

SUght. 

floo. 
Coca. 

.48  - 

8.05 

1.60 

.0022 

.0186 

.0122 

1 
.0014! 

.15 

0.8 

231T7 

May  17  !i  Slight. 

Oosa. 

.05 

2.05 

1.40 

.0014J.0184 

.0168;  .0016.:.  16  1 

.0050.0000  .58 

l.u 

28561 

Jane  14  !i  V  8tiRhl. 

Slight. 

.42 

• 

- 

.OOSS  .0214  .0183- .0036  .23 

.0080;.OOOI   .60 

0.8 

2S088 

July  21 

Decided. 

Slight. 

.21 

4.60 

1.70  : 

.0022).0188. .01561 .0032;'.  18    .0050:.0002  .34 
.0034! .0176  .0156;  .0020  .10     .00601.0002  .41 
.0034;.0216 .0168  .0048  .21     . 0040 !. 0002  .38 

0.8 

24300 

Aug.  10 

Slight. 

Cona. 

.M' 

4.16 

1.90  ; 

1.0 

24606 

Sept.  20 

Slight. 

Slight. 

.27. 

8.00 

1.00  1 

1.3 

25075  .  Oct.   18 

V.  alight. 

V  alight. 

.00 

4.16 

1.00 

.0050:. 0218. .0202  .0016  .28  '  .00S0:.0001   .76 

1.4 

25378  !  Nov.  15 . 

SUgbu 
V.aUght. 

Slight. 

.50 

8.25 

1.00  . 

.0014 

.0172  .0158;. 0014  .14  . 

.0030  .0000  .70 

0.8 

25701 

Dee.  20 

V.allghL 

.80  1 

8.00 

1.46  . 

1.56 : 

.0022 
.0026 

.0138 
.0173. 

.0124 
.0150 

.0014 1.16  , 

.0070 

.0004  .42 

0.8 

At.  •• 

.42 

8.68 

.0028 

1 

I 

.0048 

.0001    ^ 

1.0 

1 

Odor,  generally  vegetable  or  moaty.  -^The  aamplea  were  eolleeted  tiom  the  river,  oppoaite  the 
Intake  of  the  Lowell  water  worka. 

For  a  oomparlson  of  the  aoalyaea  of  the  river  at  Lowell  and  Lawmee  for  a  aerlea  of  yean,  aee  **  Mer. 
rlmaek  Blver.**  In  the  chapter  on  **  Kxamlnatlon  of  Rivera,"  In  a  aabaeqoeot  portion  of  thla  report.  The 
river  haa  not  been  need  directly  aa  a  aooroe  of  water  aapply  during  the  year. 
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liOWEIili. 

Chemical  ExamincUian  of  Water  from  Tubular  Wells  in  the  Valley  of  Biver  Meadow 

Brooke  a  Short  Distance  above  Plain  Street: 

[Parts  per  100,000.] 


a 

1^ 

APPKASAirOS. 

esidoe  on 
Evaporation. 

AMMOnA. 

• 

s 

1. 

NiTROOU 
AS 

• 

§ 

• 

1 

1 

• 

i 

6 

1 

is 

1 

• 

S 

d 
E 

» 

Q 

H 

tt 

» 

O 

^ 

9a 

o 

tis 

1S9S. 

21887 

Jan.   18 

None. 

None. 

.08 

0.80 

.0000 

.0086 

.64 

.0500 

.0001 

.07 

4.7 

.0020 

MH8 

Feb.  15 

None. 

V.  sUtfht. 

.04 

9.80 

.0000 

.0044 

.63 

.0470 

.0000 

.08 

4.0 

.0030 

22155 

Mar.  15 

v.  slight. 

V.  slight. 

.04 

9.10 

.0002 

.0086 

.62 

.0500 

.0000 

.10 

3.8 

.0060 

22915 

Apr.  20 

None. 

y  slight. 

.05 

8.80 

.0000 

.0024 

.59 

.0120 

.0000 

.10 

3.9 

.0040 

23178 

May  17 

None. 

V.  slight. 

.08 

8.10 

.0004 

.0086 

.58 

.0480 

.0000 

.09 

8.8 

.0060 

23558 

JnneU 

None. 

None. 

.04 

8.20 

.0004 

.0042 

.63 

.0400 

.0000 

.14 

8.6 

.OO.'^O 

23089 

Jnly  20 

None. 

None. 

.09 

9.60 

.0000 

.0086 

.62 

.0420 

.0000 

.12 

3.5 

.0070 

21807 

Ang.  16 

None. 

V.  slight. 

.06 

9.00 

.0006 

.0068 

.50 

.0320 

.0000 

.18 

4.2 

.0130 

25380 

Nov.  15 

None. 

None. 

.05 

8.80 

.0000 

.0048 

.48 

.0860 

.0000 

.12 

3.8 

.0060 

25702 

Dee.  20 

None. 

V.  slight. 

.10 

9.00 

.0000 

.0086 

.50 

.0400 

.0000 

.10 

3.5 

.0040 

Averages  by  Years. 


. 

1804 

. 

^ 

.02 

7.38 

.0003 

.0014 

.55 

.0549 

.0002 

.02 

2.8 

.0078 

~ 

1895 

» 

•m 

.02 

9.22 

.0001 

.0024 

.56 

.0323 

.0002 

.05 

3.8 

.0119 

• 

1896 

•m 

•  ^ 

.02 

8.87 

.0002 

.0035 

.53 

.0507 

.0000 

.09 

3.8 

.0068 

— 

1897 

• 

•m 

.02 

8.71 

.0008 

.0085 

.55 

.0378 

.0001 

.08 

8.7 

.0041 

• 

1898 

■ 

— 

.06 

9.02 

.0002 

.0088 

.56 

.0392 

.0000 

.10 

8.9 

.0056 

Non  to  analyses  of  1898:  Odor,  none. The  samples  were  collected  from  the  wells  which  are 

loeaUy  known  as  the  **  Cook  *>  wells. 


Chemical  Examinaiionof  Water  from  Tubular  Wells  in  the  Valley  of  River  Meadow 
Brooke  a  Short  Distance  above  the  Old  Middlesex  Canal  in  Chelmsford, 

[Parts  per  100,000.] 


Date  of 

CoIlectiOD. 

ArPBAKANOS. 

Residue  on 
Evaporation. 

Ammonia. 

i 

i 

S 

NiTROQKlf 
AS 

a 

a 
S 

|l 
o 

8 

s 

i 
a 

3 

«i 

_• 

i 

■ 

1 

-< 

1 

1 
g 

• 

i 

21888 
B229 

28179 
28962 

28801 
24698 

2M76 

Jan.  18 
Feb.  15 

May  17 

Jane  14 

Jaly  20 

Bepuao 

Oet.  18 

Decided. 
Decided. 

Slight. 
BUght, 

milky. 
I>eeld<>d. 
Decided, 

mUky. 
Slight, 

milky. 

Cons. 
Cons., 

floe. 
Blight. 
Slight. 

Cons. 
Cons. 

V.  slight. 

.80 
.20 

.88 
.29 

.26 
.28 

.28 

10.30 
9.70 

8.10 
8.80 

8.70 
8.00 

8.40 

.0086 
.0096 

.0086 
.0092 

.0076 
.0096 

.0092 

.0058 
.0072 

.0068 
.0074 

.0066 
.0084 

.0086 

.88 
.86 

.38 
.37 

.87 
.35 

.83 

.0080 
.0050 

.0060 
.0040 

.0060 
.0070 

.0080 

.0001 
.0000 

.0000 
.0000 

.0001 
.0001 

.0001 

.20 
.21 

.22 
.27 

.27 
.27 

.80 

4.7 
8.8 

8.5 
8.4 

2.9 
8.1 

8.6 

.0880 
.0300 

.0470 
.0360 

.0500 
.0570 

.0480 

Averages  by  Years, 


. 

1895 

• 

. 

.12 

9.42 

.0020 

.0017 

.81 

.0078 

.0000 

.05 

8.9 

.0673 

— 

1896 

-. 

* 

.JO 

11.60 

.0064 

.0047 

.82 

.0071 

.0001 

.18 

5.0 

.0607 

• 

1807 

— 

•m 

.20 

10.85 

.0080 

.0058 

.85 

.0058 

.0000 

.16 

4.8 

.0488 

^ 

1808 

^ 

• 

.28 

8.79 

.0089 

.0078 

.86 

.0049 

.0001 

.25 

3.6 

.0429 

Non  to  analyses  of  1898:  Odor,  none. The  samples  wera  ooUeeted  from  the  wells  which  are 

locally  known  as  the  "  HydraoUo**  wells. 
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Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  the  Merr^ 

mdck  Biver  near  the  Pawtucket  Boulevard, 

[ParU  per  100,000.] 


I 


21880 
28S80 
22666 
22914 
28664 
28000 
24S08 
24007 

2&on 

26881 
26708 


§ 


1S99. 

Jan.  18 

Feb.  16 
Mar.  16 
Apr.  20 
Jane  14 
Jaly  21 
Ang.  16 
Sept.  20 
Oet.  18 
Not.  16 
Deo.  90 


Appsabaxob. 


3 

I 


V.  alight. 
V.  flight. 
None. 
SUght. 
V.  alight. 
Slight. 

Slight, 
milky, 

SUght, 
milky. 

V.iliffhl, 

milky 
SUght. 

Slight. 


s 


V.  Blight. 

.08 

SUght. 

.16 

V.  slight. 

.11 

Ctona., 

iron. 
None. 

.06 
.10 

SUght. 

.16 

Blight. 

.14 

Blight. 

.17 

V.  Blight, 
brown. 
SUght. 

.12 
.17 

Oona., 

floo. 

.20 

4 


I 


4.60 
4.20 
4.40 
4.60 
4.70 
4.80 
4.00 
4.60 
4.60 
8.80 
4.70 


AmfOKXA. 


t 


o 
a 


.0104 
.0102 
.0110 
.0118 
.0148 
.0100 
.0008 
.0102 
.0084 
.0070 
.0112 


.0020 
.0082 
.0018 
.0018 
.0014 
.0082 
.0080 
.0040 
.0064 
.0046 
.0028 


1 

6 


.27 
.26 
.28 
.26 
.29 
.26 
.27 
.26 
.29 
.26 
.27 


KnBOQBV 
AS 


s 


J 

S 


.0180 
.0280 
.0480 
.0200 
.0680 
.0270 
.0260 
.0160 
.0160 
.0120 
.0360 


.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0002 
.0001 
.0000 
.0000 


18 


I 


I 
I 

a 


.04 

2.8 

.06 

.04 

.06 

.04 

.10 

.10 

.09 

.18 

.10 

.10 

2.0 

.0140 
O20O 
.0400 
.0890 
.0100 
.0400 
.0280 
.0400 
.0860 
.0280 
.0880 


Averages  by  Fears, 


- 

1806 

- 

- 

.01 

4.80 

.0044 

.0019 

.80 

.0462 

.0001 

.04 

1.8 

.0008 

- 

1807 

- 

- 

.09 

4.66 

.0006 

.0082 

*24 

.0266 

.0001 

•06 

1.8 

.0222 

- 

1898 

- 

- 

.18 

4.48 

.0106 

.0080 

.27 

.0247 

.0000 

.08 

1.0 

.0310 

Nora  to  analyses  of  1898 :  Odor,  none.  — ~  The  samples  were  eoUeeted  from  the  wella  whieh  are 
looally  known  as  the  *•  Bonlerard  *'  wells. 


Wateb  Supply  op  Ludlow. 

(See  Springfield.) 
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liYNN  ANI>  SAITGirS. 

Water  Supply  of  Lynn  and  Saugus. 

The  sources  of  supply  are  Breed's,  Birch,  Glen  Lewis,  Walden 
and  Hawkes  ponds  and  the  Saugus  River.  Statistics  of  the  diflTer- 
ent  sources  are.  given  in  the  following  table :  — 


BOCBGS. 

Area  of 

Water 

Sarface 

(Acrea). 

Haxlmam 
Depth 
(Feet). 

ATerage 
Depth 
(Feet). 

Storacre 
Oapac  t7 
(Gallons). 

Area  of 
Watershed 
(8q.  Miles). 

Population 
Per  8q. 
Mile  of 

Watershed. 

Braed's  Pond.    •       .       .       .       . 

68 

29 

16 

203,000,000 

0.08 

11 

Birch  Pond, 

82 

21 

17 

881,000,000 

0.60 

76 

OteD  LewUPond,     .       .       •      • 

86 

17 

12 

120,000,000 

0.86 

- 

WaId#BPoad. 

128 

17 

12 

408,000,000 

1.81 

- 

HftwkMPond, 

76 

26 

16 

800,000,000 

1.02 

44 

Snngiu  Blvnr  at  IControee,      . .     . 

- 

- 

•B 

- 

11.70 

600 

fiaogns  RlTer  nt  Howlett'a  Dam,    • 

- 

- 

- 

- 

17.00 

760 

Breed's  Pond,  which  was  the  original  source  of  supply,  was  for- 
merly a  mill  pond  which  was  enlarged  by  raising  the  dam  when  it 
was  used  for  a  storage  reservoir.  Birch  Pond  is  an  artificial  reser- 
voir, in  which  the  soil  was  left  on  the  bottom.  Glen  Lewis  and 
Walden  ponds  are  both  situated  on  Penny  Brook.  The  site  of 
these  reservoirs  was  originally  a  swamp,  from  which  the  soil  was 
not  removed  when  the  reseiToirs  were  constructed,  but  a  portion 
has  been  removed  from  the  bottom  of  Walden  Pond  during  the  past 
few  years.  Hawkes  Pond  was  constructed  in  1897,  and  was  pre- 
pared for  the  storage  of  water  by  the  removal  of  all  the  soil  and 
organic  matter,  with  the  exception  of  small  areas  where  the  soil 
was  covered  with  a  layer  of  gravel. 

Water  from  the  Saugus  River  was  originally  taken  at  Howlett's 
Dam,  a  short  distance  below  the  mouth  of  the  Wakefield  branch. 
During  the  year  1898  a  connection  was  made  with  the  river  in  the 
vicinity  of  Montrose,  above  the  place  where  the  Wakefield  branch 
enters  the  river,  so  that  water  from  the  river  may  now  be  drawn 
into  Hawkes  Pond. 

A  communication  from  the  State  Board  of  Health  to  the  board  of 
health  of  Lynn,  relative  to  the  cause  of  an  increased  number  of 
cases  of  typhoid  fever  in  that  city,  may  be  found  on  pages  31  to  36 
of  this  volume. 
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JjirSN  ANB  SAUGT7S. 

Chemical  ExamiruUion  of  Water  from  Breed's  Pond,  Lynn, 

[P«rU  per  100,000.] 


Date  of  Collection. 

• 

Afpbaxaboe. 

BiaiBua  OH 
Eyapoba- 

TXO>. 

Amvohia. 

* 

1 

JS 

.04 

KiTBOOBK 
▲8 

• 

1 

6 

H 

^ 

^m 

1 

Loeeon 
Ignition. 

i 

Albuminoid. 

« 

• 

i 

1 

9^ 

H 

■ 

1 

S 

i 

a 

CO 

* 

S1820 

IMS. 

Jan.  11 

V.  alight. 

SUght. 

.40 

8.76 

1.16 

.0080.0100 

.0160 

.0030 

.0060.0001 

.48 

1.4 

22106 

Feb.    8 

V.aUght. 

Blight. 

.40 

8.80 

1.46 

.0060 

.0176 

.0164 

.0022 

.04 

.0000.0000; 

.60 

1.0 

22600 

Mar.    8 

V.  alight. 

SUght. 

.00 

8.26 

1.26 

.0018 

.0182 

.0116 

.0016 

.40 

.0020.0000 

.68 

0.8 

22811 

Apr.  12 

V.  alight. 

V.aUght. 

.46 

8.60 

1.66 

.0050 

.0168  .0188 

.0020 

.45 

.0080.0004 

.45 

0.6 

23102 

May  10 

Blight. 

SUght. 

.60 

8.20 

1.25 

.0016 

.0162 

.0138 

.0024 

.50 

.0000.0001. 

.46 

0.5 

28422 

Jane    7 

V.Blight. 

V.aUght. 

.60 

8.60 

1.66 

.0010 

.0168 

.0182 

.0036 

.60  < 

.0000.0001 

.58 

0.8 

23801 

Jaly  12 

V.  alight. 

Blight. 

.80 

8.40 

1.00 

.0006 

.0218 

.0174 

.0044 

.48 

.0000.0000 

1 

.48 

0.5 

24212 

Ang.  8 

V.aUght 

V.aUght. 

.80 

2.00 

1.60 

.0002 

.0102 

.0174 

.0018 

.42 

.oooo.oooo| 

.48 

0.6 

24616 

Sept.  18 

V.aUght. 

Slight. 

.42 

8.80 

1.60 

.0010 

.0360 

.0826 

.0034 

.42 

.0010  .0000 

.58 

0.8 

24960 

Oct.  11 

SUght. 

V.aUght. 

.40 

8.66 

1.70 

.0000 

.0202 

.0178 

.0024 

.46 

.0010  .0000 

.60 

0.6 

25206 

Nov.    8 

V.aUght. 

V.aUght. 

.46 

4.00 

2.20 

1 

.0010|.0286 

1 

.0204 

.0032 

.50 

.0010  .0002 

.64 

0.8 

26614 

Dee.  12 

V.aUght. 

V.aUght. 

.60 
.46 

8.66 

1.66 

.0014 
.0022 

.0180 
.0108 

.0172 

.0008 
.0026 

.48 
.40 

.0020.0000 
.0012  -OMl 

.83 
.53 

1.1 

Av... 

8.48 

1.64 

.0172 

0.8 

1 

Odor,  generally  faintly  yegetable,  aometimea  none.    On  heating,  the  odor  of  aome  of  the  aampke 
became  atronger,  and  in  May,  faintly  oily. 

Microscopical  Examinaium  of  Water  from  Breed's  Pond,  Lynn, 

[Namber  of  organlama  per  cubic  centimeter.] 


• 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Not. 

Dee. 

Day  of  examination,  .       .       •       . 
Number  of  aample,    .... 

12 
21810 

0 
22106 

10 
22500 

13 
22811 

11 
23102 

8 
28422 

14 

23861 

10 
24212 

14 
24615 

12 
24066 

•        14 

25S05  25614 

PLANTS. 
Diatomaoe». 

Aeterionella, 
CyeioteUa,    . 

Oyftnopbycen,  • 

AnabKua,    • 

t       •       . 

•       • 

»       •       • 
1       •       • 

14 

1 

0 

1 

0 
0 

0 
0 

1 

0 
0 

0 
0 

0 
0 

8 

S 

0 
0 

r 

2 

71 

8 
80 

0 
0 

If 
0 

146 

0 
116 

88 

85 

11 

10 

48 

12 
28 

1 
1 

88 

24 

88 

0 
6 

2 

2 

10 
6 

143 

110 
0 

0 
0 

n 

24 

185 

114 
2 

8 

e 
» 

20 

n 

12 

i 

8 

8 

n 

28 

IS 

0 
0 

0 
0 

0 

Baphidinm,  •       • 

»       •       • 

0 
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liYNN  AND  SAUGUS, 

Microscopical  Examination  of  Water  from  Breed's  Pond,  Lynn  —  Concluded. 

[Nnmb€r  of  orgaoitini  per  enble  centimeter.] 


IS^S. 

Jan. 

Feb. 

Mer. 

Apr. 

Haj. 

June. 

Jnly.  Ang. 

Sept. 

Oct. 

Not. 

Dee. 

ANIMALS. 

Bl&izopoda, 

1 

0 

0 

0 

0 

0 

1 

8 

0 

8 

Inftisorla, 

1 

t 

2 

6 

4 

n 

6 

14 

18 

2 

8 

Dloobryon, 

Baphldomonae,    •       .       •       . 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

82 
0 

s 

0 

1 
10 

10 

0 
0 

1 
0 

Vermes, 

0 

0 

0 

0 

1 

2 

0 

1 

0 

0 

MUeeOaMout,  ZoSgloM,  • 

0 

0 

8 

8 

6 

6 

5 

5 

6 

8 

TOTAI., 

il 

4 

6 

88 

08 

814 

184 

81 

188 

258 

110 

10 

Cffiemical  Examination  of  Water  from  Birch  Pond,  Lynn, 

[PkrU  per  100,000.] 


• 

APPBAIABCS. 

RsaiDOB  o« 

Eyapoia- 

noH. 

AMXon^. 

8 

.67 

NiraoOBH 

▲a 

• 

a 

• 

^ 

1 

1 

r 

1 

Albnmlnold. 

• 

5 

1 

1 

• 

1 

sl 

00 

i 

21821 

ises. 

Jan.  11 

Slight. 

V.aUght. 

.88 

8.65 

1.46 

.0048 

.0172 

.0166 

.0006 

.0090 

.0001 

.84 

1.8 

22106 

Feb.     8 

Slight. 

Slight. 

.M 

4.86 

1.60 

.0064 

.0210 

.0100 

.0080 

.78 

.0180 

.0000 

.46 

1.8 

22S01 

lUr.    8 

V.  alight. 

V.aUght. 

.20 

8.05 

1.00 

.0028 

.0000 

.0078 

.0012 

.60 

.0120 

.0001 

.84 

0.8 

22812 

Apr.  12 

Slight. 

V.  alight. 

.80 

8.15 

1.60 

.0006 

.0804 

.0180 

.0084 

.67 

.0070 

.0000 

.84 

0.8 

2810S 

Kay  10 

Slight. 

SUght. 

.81 

8.85 

1.40 

.OOOfl 

.0166 

.0160 

.0016 

.67 

.0020 

.0001 

.80 

0.8 

23428 

June    7 

Slight. 

SUght. 

.28 

8.60 

1.46 

.0006 

.0100 

.0180 

.0070 

.66 

.0010 

.0002 

.80 

0.6 

28882 

Jnly  12 

Slight. 

SUght. 

.24 

8.40 

1.80 

.0022 

.0270 

.0226 

.0044 

.60 

.0000 

.0000 

.84 

1.0 

f42tt 

Aug.   0 

V.aHght. 

Slight. 

.28 

8.70 

1.80 

.001(5 

.0104 

.0166 

.0028 

.66 

.0010 

.0000 

.82 

1.8 

24616 

Bmpi.U 

Slight. 

SUght. 

.28 

8.86 

1.85 

.0006 

.0880 

.0268 

.0062 

.50 

.0080 

.0000 

.40 

1.1 

um 

Oet.  U 

SUght. 

SUght. 

.80 

8.66 

1.86 

.0000 

.0288 

.0804 

.0084 

.46 

.0000 

.0000 

.85 

0.8 

21296 

Not.    8 

V.aUght. 

SUght. 

.80 

8.70 

1.00 

.0006 

.0220 

.0180 

.0040 

.48 

.0020 

.0000 

.84 

0.8 

25618 

Dm.  12 

V.attght. 

Slight. 

.31 

8.60 

1.60 

.0004 

.0017 

.0806 
.0807 

.0160 
.0178 

.0046 
.0084 

.61 
.56 

.0000 

.0000 

.84 

1.8 

Av^^« 

.28 

8.60 

1.42 

.0040 

.0000 

.84 

1.0 

Odor  of  tlie  laat  aample,  dlatlnetly  flahy  and  oily;  of  the  othera,  vegetable  or  none,  becoming  aome- 
ttmaa  alroiiger  mad  oecaalonaUy  flahy  on  heating. 
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LTNN  AND  SAUGITS. 

Microscopical  Examination  of  Water  from  Birch  Pond^  Lynn, 

[Namber  of  orgaotems  per  eablo  oenttmeter.] 


1898. 


Jao. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


JqIj. 


Aug. 


Sept. 


Oct. 


Not. 


Dec 


Day  of  examination, .... 
Number  of  Bample,    .       •       .       • 

PLANTS. 
Diatomftce»,      .      .      •      . 

Aaterionella,  •  .  .  • 
Bynedra,  .  •  .  .  • 
Tabellarla, 

Oyanopbycen,  .      .      •      • 

Anabiana, 

MeriamopcBdia,    .       •       .       . 

AlfffDi 

Raphldinm, .       .       .       •       . 

ANIMALS. 
BblBOpoda,  ..... 

ZnftiBorla,     •      •      •      •      • 

Ciliated  InfQMrian,     .       • 

Dlnobryon, 

TraohelomonaB,  .... 
Urogleoa,     •       •       .       •       . 

Vermes, 

Oiustaoea, 

Boemlna,      ...       .       .       • 

Gyolopa, 

I)«|>hnla, 

Jftoe«//aiieptt«,  Zodgloea,  . 

Total,  ....•• 


12 
21821 


2 
22108 


10 
22601 


18 


11 


2281228106 


8 

14 

10 

14 

28428 

28882 

2421824810 

172 

82 

• 

181 

682 

82 
20 
50 

68 

1 

87 

824 

0 

226 

8 

80 

0 

8 
0 

14 
18 

0 
0 

28 

7 

0 

28 

7 

0 

12 

24967 


14 

28286128816 


0 
0 
0 


0 
0 


0 
0 


1 
0 
0 


0 
0 


0 
0 


0 
0 
0 


0 
0 


0 
0 


0 

so 

4 


0 
0 


M 

4 


102 

48 
28 
20 


0 
0 


88 

10 


820 

288 

8 

18 


10 

8 
0 


282 
280 


120 

18 

100 

1 


18 

12 

0 


78 


10 

0 
0 
0 


0 
0 


8 

1 


0 
0 
0 
0 


0 
0 
0 


0 
0 

0 
0 


0 
0 
0 
0 


162 

12 

140 

0 

0 


0 

26 

0 

0 


pr. 


pr. 
pr. 


pr. 

0 


pr. 

0 


0 
0 
0 


0 
0 
0 
0 


0 
0 
0 


0 

1 

0 
0 


0 
0 
0 


0 
2 

0 
0 


pr. 


pr. 


82 

0 

0 

20 

0 


0 
0 
0 


80 

0 

0 

12 

0 


pr. 

^'o 
pr. 


18 

0 

4 
8 

4 


0 
0 
0 


H 

0 

0 

0 

10 


0 
0 
0 


10 


11 


8 


219 


196 


216 


67 


170 


602 


000 


248 
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liYNN  AND  SAT7GUS. 

Chemieal  Examinaiion  of  Water  from  Walden  Pond,  Lynn, 

[FitfU  per  100,000.] 


• 

s 
2 

Afpbaiahos. 

Rbbidur  o« 

EVATOBA- 
TIOM. 

Amvohia. 

.67 

NlTBOOtM 

▲B 

i 

1 

« 

t 

1 

1 
1 

1 

1 

LoBBon 
IgoltSon. 

1 

Albaminold. 

i 
1 

1 

• 

• 

s 

1 

1^ 

1 

S18S2 

1S»S. 

Jao.   11 

Slight. 

Slight. 

1.06 

4.60 

2.40 

.0016 

.0884 

.0288 

.0046 

.0160 

.0001 

.86 

1.0 

S210T 

Feb.    8 

Slight. 

Slight. 

1.00 

4.60 

2.00 

.0044 

.0298 

.0284 

.0014 

.64 

.0060 

.0001 

.86 

1.1 

12802 

Mar.    8 

BUght. 

Slight. 

0.01 

8.26 

1.60 

.0004 

.0206 

.0162 

.0064 

.82 

.0080 

.0000 

.65 

0.6 

S2818 

Apr.  IS 

Slight. 

Gone. 

0.48 

2.00 

1.60 

.0018 

.0272 

.0192 

.0080 

.82 

.0020 

.0001 

.49 

0.6 

28104 

Kftj  10 

V.ellght. 

Slight. 

0.40 

8.86 

1.66 

.0000 

.0240 

.0184 

.0056 

.40 

.0000 

.0000 

.49 

0.6 

SMM 

JaiM    7 

Slight. 

V.  Blight. 

0.60 

8.46 

1.66 

.0012 

.0160 

.0208 

.0042 

.40 

.0040 

.0001 

.68 

0.8 

sssas 

July  12 

Slight. 

Slight. 

0.57 

8.00 

1.76 

.0010 

.0346 

.0202 

.0084 

.40 

.0010 

.0000 

.68 

0.6 

snu 

Ang.  9 

V.  Blight. 

Cone. 

0.42 

8.86 

1.80 

.0002 

.0242 

.0904 

.0088 

.80 

.0000 

.0000 

.50 

0.6 

24017 

Sept.  18' 

Decided. 

Cone. 

0.67 

8.26 

1.76 

.0004 

.0450 

.0880 

.0070 

.86 

.0020 

.0000 

.74 

0.6 

24008 

Oet.  11 

Decided. 

Cone. 

0.46 

8.06 

2.60 

.0000 

.0874 

.0814 

.0060 

.88 

.0000 

.OOQO 

.67 

0.8 

»fl07 

IToT.    8 

V.eHght. 

SUght. 

0.63 

8.60 

1.40 

.0002 

.0282 

.0262 

.0060 

.84 

.0020 

.0000 

.71 

0.8 

2S618 

Dee.  12 

SUght. 

Y.  BUght. 

0.60 
0.68 

8.70 
3.67 

2.00 
1.81 

.0008 
.0010 

.0268 
.0208 

.0244 
.0248 

.0024 
.0060 

.86 
.88 

.0020 

.0000 

.81 

0.6 

Av«.. 

.0081 

.0000 

.06 

0.6 

Odor  fn  April,  distinctly  fiBby,  becoming  Btrongly  fishy  and  mnBty  on  heating;  in  May,  none,  be 
eomlng  diatlnetly  flahy  on  healing;  at  other  tlmee,  generaUy  faintly  vegetable,  aometimeB  none,  becom- 
ing etronger  on  heating. 

Microscopical  Examination  of  WaUr  from  Walden  Pond^  Lynn, 

[Number  of  organlBme  per  cable  centimeter.] 


Day  of  examination,  . 
Knmber  of  eample,    • 


12 
21822122107 


1898. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane.  July. 


Aog. 


Sept. 


Oct. 


Nov.'  Dec 


10 
22502 


18 
22818 


11 
28104 


8 

28424 


14 


10 


2886824214 


14 

24617 


12 


2496885207 


14 
25618 


PLANTS. 
Dlatomacseas, 


Bynedra, 
TabeUaria, 


07*nopliyoe8B 


I,       •  a  a 


Arthrodeemna, 


1 
0 


0 
0 

8 
0 


11 

11 

0 


8 
0 

8 
0 


0 
0 


t 

0 

48 
0 


78 

68 

7 


1,848 

1,248 
22 


8 
0 

T 

4 


44 

8 
2 


18 
10 

58 
86 


75 

6 
66 


8 

0 


464 


142 
198 


18 
0 


8 

4 


1,098  1,808 


760 
892 


8 

0 


8f 


1,750 

4 


8 

0 


8 

0 


58 

88 

11 


1 
0 

If 
0 


1 

0 


8 
0 

0 
0 
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liTNN  AND  SAUGirS. 

Microscopical  Examination  of  Water  Jrom  WcUden  Pond^  Lynn — Conclnded. 

[Number  of  orgaoisms  per  cable  centimeter.] 


18»8. 


Jen. 


Feb. 


Mar. 


•Apr. 


May. 


Jane. 


Jalj. 


Aug 


Sept. 


Oct 


Not. 


Dee. 


ANIMALS. 
BblzopodA.   .... 

InftiBoria,     .... 

Dlnobryon,  •       .       .       .  ' 

Bngleoa 

Perldlnlom, .... 
Synnra,         .... 
Tracbelomonaa,  . 
Uroglena,      .... 

VermoB,  ..... 

Crastcusea,    .... 

Oyelope,       .... 
Daphnia,       .... 

JUiKsltaneout,  ZoSglcaa,   .       • 

Total, 


0 
0 
8 
0 
0 
0 


0 
0 


8 
0 

4 
0 
1 
0 


0 

0 


106 

S4 

8 

80 

84 

2 

2 


(.828  m 


0 
0 


2,836 

48 

20 

0 

2 

12 


212 
0 
17 
0 
1 
1 


4 
0 
0 
0 
0 
0 


pr. 
pr. 


48 

1 

1 
17 

0 
28 

0 


0 
0 


m 

182 
0 
0 
0 
82 
0 


pr. 


pr. 


82 
0 
8 
0 
2 
0 


18 
2 

10 
0 
8 
0 


0 
0 


16 

0 
0 
6 
0 
T 
0 


0 
0 


0 


0 
0 
21 
0 
0 
8 


0 
0 


10 


10 


10 


22 


167 


2,780 


1,685 


116 


608 


688 


1,210 


1,876 


88 


27 


Chemical  Examinalion  of  Water  from  Glen  Lewis  Pond^  Lynn, 

[Parts  per  100,000.] 


RasiDua  OH 

i|  _, 

s 

1 
2 

Appbaiaiicx. 

EVAPORA- 
TIOM. 

AMMONTA. 

6 
1 

NiTKOOBH 
AS 

a 

8 

1 

• 

1 

1 

s 

Lesson 
Ignition. 

1 

Albaminoid. 

• 

1 

• 

1 

1 

1 

1 

• 

« 

oc 

1 

n 

1S98. 

21826 

Jan.   11 

V.sltgbt. 

V.  slight. 

.40 

8.70 

1.00 

.0046 

.0814 

.0274 

.0040 

.67 

.0180 

.0001 

.66 

0.8 

22110 

Feb.     8 

jV.  Blight. 

Blight. 

.80 

8.70 

1.40 

.0040 

.0242 

.0200 

.0042 

.56 

.0060 

.oooo; 

.41 

0.8 

2:2506 

Mar.    8 

Blight. 

Cons., 
earthy. 

.22 

2.75 

1.00 

.0006 

.0198 

.0086 

.0112 

.84 

.0060 

.oooo; 

1 

.26 

0.6 

22810 

Apr.  12 

V.  slight. 

Slight. 

.28 

2.76 

1.16 

.0006 

.0202 

.0168 

.0084 

.28 

.0010 

.0000 

.80 

0.6 

28 107 

May   10 

V.  slight. 

Cons. 

.27 

8.00 

1.10 

.00101 

.0244 

.01041 

.0060 

.41 

.0000 

.oooo 

.84 

0.6 

23427 

Jane    7 

.V.  slight. 

Cons. 

.40 

8.16 

1.50 

.0060 

.0244 

.0166 

.0078 

.88 

,0080 

.0002 

.44 

0.2 

2:»67 

Jaly  12 

Slight. 

Heavy. 

.60 

8.40 

1.80 

.0128 

.0490 

.02801 

.0210 

.88 

.0000 

.0000 

.61 

0.6 

24217 

Aug.    0 

i  blight. 

Cons. 

.50 

8.86 

2.80 

.0404 

.0658 

.08-24 

.0324 

.86 

.0020 

.0002 

.48 

0.6 

24620 

Sept.  IS 

Decided. 

Cons.- 

.60 

4.66 

2.60 

.0010 

.0810 

.0472 

,0338 

.86 

.0010 

.0000 

.67 

o.i 

21971 

Oct.    11 

BUght. 

Cons., 
green. 

.41 

4.70 

2.96 

.0080 

.0692 

.0452 

.0240 

.86 

.0080 

.0000 

1 

.64 

0.6 

25800 

Not.    8 

V.  slight. 

Cons, 
green. 

.41 

4.06 

2.26 

.oood 

.0462 

.0862 

.0110 

.87 

.0090 

.0000 

.60 

0.8 

26678 

Dec.  19 

V.  slight. 

V.  slight. 

.80 
.40 

8.86 

1.86 

.0002 
.0066 

.0264 
.0898 

.0206 
.0264 

.0068 
.0129 

.89 
.40 

.0010 

.0001 

.40 
.46 

0.6 

At... 

8.68 

1.78 

.0080 

.0000 

0.6 

Odori  Tegetable  or  monldy  and  occasionally  fishy  or  oily,  becoming  atronger  and  also  aometloiea 
gfMsy  on  heating. 
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liYNN  ANI>  SAUGirS. 

Microscopical  Examination  of  WcUerfram  Glen  Lewis  Pond^  Lynn, 

[Namber  of  organkflM  per  cnble  centimeter.] 


IMS. 

J«n. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jttly. 

Aug. 

Sept 

Oct. 

Not. 

Dec 

12 

9 

10 

18 

11 

8 

14 

10 

14 

12 

9 

20 

Namber  of  sample*    .... 

31825 

22110<2260S 

22816 

28107 

23427 

28867 

24217  24620 

24071 

25300 

25678 

FULNT8. 

DiatomaoeflD,      .... 

0 

0 

28 

72 

44 

2 

8 

4 

0 

M 

184 

2 

AeterloneOa,        .... 

0 

0 

22 

12 

82 

0 

0 

0 

0 

8 

121 

0 

Oyanopliyoecs,  .... 

0 

0 

0 

0 

0 

5 

128 

1,856 

8M 

78 

15 

1 

AaabfBiim, 

Cltthrooyetle,       .... 

G«rioepfaivtimi,   .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
3 
0 

80 

08 

0 

1,886 

14 

6 

06 

0 

228 

0 

64 

0 

2 
2 
8 

• 

0 

1 

0 

AlgW 

0 

0 

0 

0 

1 

4 

1 

0 

10 

15 

517 

4 

Protococeos,        .... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

600 

0 

Fnilfl:!*  OrenotliriZt 

0 

0 

0 

0 

0 

0 

0 

1,720 

0 

0 

0 

0 

ANIMALS. 

Inftisoria* 

40 

58 

188 

180 

14 

5 

15 

54 

10 

11 

84 

847 

DlnobfTOD, 

Pierldlaram, 

TmoheloiiioDae,  .... 
Uro^lem*      •       •       •       •       . 

7 

42 
0 
0 

8 
48 

1 
0 

0 

180 

0 

0 

108 

90 

0 

1 

6 
0 

1 
7 

0 
4 

0 
0 

0 
0 
0 
0 

0 

0 

48 

0 

0 

0 

10 

0 

0 
0 

11 

0 

0 
12 
52 

0 

227 

112 

8 

2 

Vermes, 

0 

0 

0 

4 

0 

1 

0 

0 

0 

1 

8 

1 

Cru8taoea,07elop«,    .      .      . 

0 

0 

0 

0 

0 

pr, 

0 

0 

pr. 

pr. 

0 

0 

Jfieetf/laiMOM.  ZoSglcB*,  .       .       . 

0 

0 

0 

8 

0 

8 

6 

0 

10 

15 

8 

0 

TOTAX^ 

49 

« 

216 

212 

50 

20 

155 

8,184 

854 

180 

766 

855 
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liYKN  ANB  SATTGUS. 

Chemical  ExamimUion  of  Water  from  Hawkes  Pondt  Lynn, 

[ParU  per  100,000.] 


• 

i 

1 

S 

Appkabavcb. 

RnXDUB  OH 

EVAPOBA- 

TtOV. 

Amkohia. 

4 

c 

I 

6 

.68 

NmOQBV 
AM 

Oxygen  Consumed.    1 

^ 

«i 

1 

■ 

■ 

LoMon 
Ignition. 

1 

▲Ibamlnold.    | 

s 

1 

• 

1 

• 

1 

1 

00 

« 

21828 

ISM. 

Jan.  11 

Slight. 

V.BHght. 

.00 

6.80 

2.80 

.0024 

.0266 

.0228 

.0088 

.0210 

.0001 

.81 

22108 

Feb.    8 

Slight. 

Blight. 

.82 

4.05 

1.60 

.0066 

.0180 

.0162 

.0018 

.44 

.0060 

.0001 

.62 

22M8 

Mar.    8 

Slight. 

Slight, 

earthy. 
V.sUghU 

.80 

8.66 

1.80 

.0014 

.0162 

.0142 

.0010 

.84 

.0060 

.0001 

.62 

22816 

Apr.  12 

V.eUght. 

.46 

4.00 

1.86 

.0006 

.0106 

.0174 

.0024 

.44 

.0000 

.0001 

.62 

28105 

May  10 

V.elight. 

Slight. 

.02 

8.60 

1.40 

.0004 

.0106 

.0166 

.0042 

.47 

.0040 

.0003 

.66 

28425 

June   7 

V.tlight. 

Blight. 

.70 

4.00 

1.66 

.0012 

.0282 

.0186 

.0006 

.48 

.0000 

.00081 

.66 

28864 

July  12 

Slight. 

SUght. 

.80 

8.85 

1.06 

.0008 

.0262 

.0286 

.0026 

.44 

.0010 

.0000^ 

.61 

24215 

Ang.  0 

SUght. 

Slight. 

.28 

8.60 

1.70 

.0018 

.0218 

.0186 

.0082 

.88 

.ooott.ooool 

.46 

24818 

Sept.  18 

SHght. 

V.alight 

.20 

8.60 

1.60 

.0006 

.0272 

.0240 

.0062 

.86 

.OOOOj.OOOO 

.68 

24000 

Get.  11 

Slight. 

Oona. 

.84 

8.75 

2.00 

.0004 

.0268 

.0218 

.0060 

.40 

.0000 

.0001 

50 

25208 

Not.   8 

V.elight. 

Slight. 

.41 

4.06 

1.66 

.0006 

.0222 

.0164 

.0068 

.44 

.0020 

.0000 

.60 

26017 

Deo.  12 

V.sHght. 

SUght. 

.47 
.51 

4.66 

2.10 

.0022 
.0016 

.0212 

.0102 

.0020 
.0088 

.41 
.48 

.0040.0000' 
.0044.0001 

« 

.66 
.67 

Av 

4.02 

1.80 

.0827 

.0180 

1.2 

Odor,  geoeraUy  faintly  ▼egeUble,  beeomlng  atronger  and  aomeUinea  alao  llahy  on  heating. 


Micro90opical  Sxaminalion  of  Water  from  Hawkes  Pond^  Lynn. 

[Namber  of  oiganlama  per  eoblc  centtmeter.] 


Jan. 


Feb. 


ICar. 


Apr. 


May. 


Jane. 


Jaly. 


Ang. 


8q)t. 


Oct. 


Kor. 


Dec 


Day  of  examination,  . 
Nnmber  of  eample,    . 


12 


218282210822608 


10 


18 
28816 


11 
28106 


14 

28426128864 


10 


14 


12 


24215)24618121060  252Bg{2S«17 

1 


14 


PLANTS. 
Diatomaoeasy 

Diatoma, 
Synedra, 

OyanopbycMB,  . 
Anabana,    • 

Algw,       .       .      . 


7 

0 

0 

81 

161 

n 

18 

78 

88 

188 

6 

0 

0 

0 

0 

1 

0 

5 

0 

0 

140 

1 

0 

0 

0 

8 

186 

72 

10 

46 

22 

80 

4 

0 

6 

0 

0 

0 

6 

0 

14 

6 

t 

0 

0 

0 

0 

0 

0 

0 

0 

.14 

0 

0 

0 

0 

0 

0 

4 

4 

0 

4 

0 

0 

0 

0 

0 
2 


0 
0 
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JjYJSTN  anb  sattous, 
Miero9eopiccU  Exannination  of  Water  from  Hatvkea  Pond^  Lynn — Concluded. 

[Kumber  of  orgftnlsms  p»r  enblo  oontimeter.] 


1998. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jone. 


July. 


Aog. 


8«pt 


Oct 


Not. 


Dec 


AKIMAL8. 
Bhlxopoda,   . 

InAisorlSy 

Cryptooaooaa, 
DlDobryon,  . 
Perldlnlam, . 
ITrogleiWt 

Vermes,  .... 
jriMcfteMOM*  2SoSgl<Ba,  . 

TOTAI.,  •  •  .         • 


0 
0 
0 
0 


0 
0 
0 
0 


m 

10 
68 

82 
4 


1 

88 

1 

2 


Mt 

2 

940 
0 
0 


1,f&0 

0 
744 

600 
0 


10 

0 
2 
6 
0 


2,ttt 

0 

2,240 

80 

0 


M 

0 

70 

6 

0 


611 

0 

608 

2 

0 


0 
0 
0 
0 


10 

0 
0 

4 
6 


10 


10 


126 


80 


1,116 


1,881 


87 


2,877 


182 


716 


12 


Chemical  Examinaiion  of  Water  from  the  Saufftts  Biver  at  Montrose, 

[ParU  per  100,000.] 


g 


28106 


um 


At. 


i 

a 


May  10 
JaiM  7 
July  12 
Aug.  0 
Bep«.  la 
Oct.  11 
Wot.  8 
Dm.  10 


ArPSABAVCB. 


V.aflght. 
Hone. 
y.aUgbt. 
y.  alight. 
V.  alight. 
V.aUgbt. 
V.allgfat. 
V.  alight. 


I 


I 


V.  alight. 
V.  alight. 
V.aUgfat. 
Slight. 
Slight. 

Oona.. 

earthy. 
Oooa., 

earthy. 
Blight. 


1.12 
1.60 
10.68 
1.40 
0.66 
0.67 
0.85 
0.( 


0.97 


BB8IOUB  OV 

EV4POBA- 

TIOM. 


6.16 

6.90 
8.20 
0.65 
8.40 
7.80 
6.60 
7.80 


7.66' 


i 


I 


2.85 
8.15 
8.85 
4.90 
8.90 
8.25 
8.25 
2.70 


8.86 


Amicovia. 


Albnmlnold. 


I 


I 

a 


a 

CO 


.0006 

.0010 
.0062 
.0084 
.0140 
.0076 
.0082 
.0018 


.0048 


.0280 
.0820 
.0886 
.0686 
.0686 
.0500 
.0802 
.0286 


,0880 


.0200.0020 
.0814.0006 
.0826  .0010 


.0458 
.0846 


.0802 
.0288 


.0821 


.0078 
.0040 
.0178 
.0090 
.0048 


.0059 


I 

6 


.68 
.58 
.76 
.52 
.70 
.68 
.55 
.75 


.65 


Himoosv 


S 
I 


I 


.0020 
.0010 
.0010 
.0020 
.0080 
.0000 
.0020 
.0100 


.0000 
.0002 
.0000 
.0001 
.0001 
.0000 
.0000 
.0008 


.0026.0001 


I 

a 


I 


0.07 
1.28 
0.80 
1.70 
0.62 
1.06 
0.90 
0.86 


1.04 


2.5 
2.7 
8.6 
8.6 
8.1 
2.7 
2.9 
2.7 


8.0 


Odor,  vegotoblo  or  mnaty 
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Trmnn  ani>  saitgus. 

CkemiecU  ExaminaUan  of  Water  Jrom  the  8augu$  Biver  ai  the  Line  between  Saugus 
and  Wakefield^  and  just  above  the  Point  ichere  it  is  joined  by  the  Wakefield  Branch, 

[Parts  per  100,000.] 


§ 


21820 
22111 


28420 
28860 

24210 
24622 
24972 
25801 
26610 


Av, 


a 
o 

I 

o 

o 
o 


Jan.  11 

Feb.  8 
lUr.    8 

May  8 
Jane  7 
July  12 
Aug.  0 
Sept.  18 
Get.  11 
Nov.  8 
Dee.  12 


AprSASAHOE. 


1 


■J 

e 

e 


£ 


V.  slight. 

V.sUght. 
V.sUgbt. 

V.  slight. 

None. 

V.sUght. 

V.sUght. 

V.sUght. 

SUght. 

V.sUght. 

V.sUght. 


Cons., 

sand. 
SUght. 
Oons., 

earthy. 
SUght. 
SUght. 
V.sUght. 
V.sUght. 
V.sUght. 
Ooos. 
Cons. 
SUght. 


1.06 

1.00 
0.70 

1.10 
1.70 
0.70 
1.46 
0.70 
0.00 
0.0& 
0.66 


0.00 


Rbsidob  OS 

£VAPOBA- 
TIOV. 


S 
& 


8.76 

7.40 
6.76 

6.75 
6.86 
9.05 
9.40 
8.56 
7.70 
7.20 
7.80 


7.61 


I 

!l 

5 


8.60 

2.86 
2.20 

2.65 
8.80 
8.86 
4.65 
8.70 
8.85 
8.05 
8.10 


S.80 


Amxohia. 


AllMimlnold. 

1 

• 

1 

• 

^ 

i 

1 

1  o 

Km 

H 

s 

tt 

.0016.0654 

.0020.0272.0266.0006 
.00141.0250  .0282  .0018 


.08sJ.002O 


.0020 
.0016 
.0030 
.0062 
.0104 
.0182 
.0088 
.0006 


.0089 


.0354 
.0860 
.0822 
.0608 
.0644 
.0416 
.0640 
.0270 


.08U 


.0348 
.0680 
.0804 
.0456 
.0822 
.0822 
.0812 
.0254 


.0816 


.0006 
.0080 
.0018 
.0052 
.0028 
.0094 
.0028 
.0016 


.0028 


e 

i 

S 


.95 

.80 
.70 

.66 
.56 
.77 
.58 
60 
.60 
.68 
.70 


NimooBi 

j 

AS 

g 

a 

B 

0 

i 

• 

• 

o 

1 

9! 

MUritf 

1 

.0060 

.0080 
.0020 

.0020 
.0010 
.0010 
.0020 
.0060 
.0060 
.0010 
.0060 


.0084 


.0001 

.0000 

.0001 

.0000 

.0002 
.0000 

.0001 
.0002 

.0001 
.0001 
.0001 


.0001 


1.04 

0.96 
0.72 


0. 
1. 
0. 
1. 

!i. 
I. 
I. 

0. 


96 
28 


a 
S 

•2 

s 


8.6 

8.5 
2.6 

2.2 
2.7 
791  6.6 
68  8.5 
06  6.6 
14  2.6 
04  2.7 
841  2.7 


1.04 


8.0 


Odor,  generally  faintly  vegetable,  sometimes  monldy  or  musty,  becoming  stronger  and  also  disa- 
greeable on  heating. 


Chemical  Examination  of  Water  Jrom  the  Saugus  Biver  at  EwolMs  Dam^  Saugus. 

[ParU  per  100,000.] 


7 


» 


s 
o 
a 

a 


21824 
22109 
22504 
22814 
26106 
23426 


24216 
24619 
24970 
25299 
25616 


At. 


«Tao.  11 
Feb.  8 
Mar.  8 
Apr.  12 
May  10 
Jane  7 
Jaty  12 
Ang.  9 
Sept.  18 
Oct.  11 
Nov.  8 
Dec.  12 


Afpbabavcb. 


a 


i 
s 


Slight. 

V.sUght. 

SUght. 

V.sUght. 
.V.Hlight. 
.V.sUght. 
I  Decided. 

V.sUgbt. 
!  V.sUght. 

V.sUght. 

V.sUgbt. 

V.sUght. 


Slight. 

V.sUght. 

V.sUght. 

SUgbt. 

V.sUght. 

V.sUght 

Oons. 

Slight. 

V.sUght. 

Slight. 

V  sUght. 

SUght. 


1.00 
0.93 
0.70 
0.88 
1.00 
1.40 
0.80 
0.94 
0.70 
0.96 
0.95 
0.49 


0.90 


BsainoB  OK 

BVArOKA- 
TIOH. 


8.90 
7.95 
6.00 
5.60 
6.46 
6.95 
8.60 
6.95 
8.40 
8.20 
7.70 
7.60 


7.41 


I 


e' 
o 


I 


3.40 
2.80 
2.60 
2.66 
2.65 
6.15 
8.45 
8.80 
8.85 
4.40 
8.96 
2.45 


Ammovia. 


Albnminold. 


J 


I 


I  .0066 
.0126 
.0016 
.0040 
.0010 
.0022 
.0056 

it.0064 
.0012 
.0016 
.0046 
.0024 


8.11 


.0048 


.0646 
.0246 
.0264 
.0302 
.0854 
.0680 
.0468 
.0374 
.0682 
.0432 
.0200 
.0204 


.0821 


.0220 
.0200 
.0276 
.0244 
.0814 
.0866 
.0362 
.0666 
.0402 
.0276 
.0190 


.0296 


.0024 
.0026 
.0034 


1.11 
1.10 
0.76 


.0026  0.74 
.0010  [0.81 
.0016  0.67 
.0092  1.03 
.0012  0.00 
.0016  0.88 
.0080]  0.76 
.0014  0.70 
.0014  0.95 


RlTBOOaK 

AS 


I 
I 


s 
S 

s 


.0260 


.0026 


0.84 


.0180 
.0180 
.0060 
.0200 
.0010 
.0010 
.0020 
.0060 
.0020 
.0770 


.0164 


.0003 
.0008 
.0002 
.0004 
.0004 
.0002 
.0000 
.0000 
.0001 
.0001 
.0002 
.0004 


0.94> 
0.86' 
0.65 


0.72 
0.49 
1.19 
0.79 
1.00 
1.06 
1.22 
lO.W 
10.61 


I  — 

.0002  JO.I 


& 


3.1 
3.8 
2.8 
2.2 
2.8 
2.8 
6.5 
2.5 
8.6 
2.7 
2.7 
8.0 


2.8 


Odor,  generaU J  vegeuble  and  oecastonaliy  moaly,  becoming  stronger  on  heating. 
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JjYks  and  saugus. 

Chemical  Examination  of  Water  Jrom  a  Faucet  in  Lynn  supplied  from  the  Lynn 

Water  Works, 


[Puts 

per  100,000.] 

• 

i 

2 

APPSAK4NCE. 

j  Rbsidob  ov 
Etapoka- 

TION. 

1                          1 

Am]|< 

OHXA. 

raminold. 

• 

S         Chlorine. 

UlTBOOBir 

AS 

• 

s 

s 
• 

• 

1 

«2 

s 

•: 

1 

• 

§1 

r 

• 

All 

• 

1 

» 

• 

• 

1 

mt 

Sus- 
pended. 

1 

218S7 

Jan.  11 

V.  Slight. 

Blight. 

.60 

4.26 

1.06 

.0008 

.0170 

.0172 

.0004 

.0160 

.0000 

.42 

1.0 

S21U 

Feb.     8 

Slight. 

V.sUght. 

.00 

4.00 

1.80 

.0030 

.0108 

.0180 

.0012 

" 

.0100 

.0002 

.07 

1.4 

SS50T 

Har.    8 

V.  slight. 

V.sllght. 

.54 

8.76 

1.00 

.0000 

.0164 

.0140 

.0014 

1 
.47 

.0030 

.0000 

.40 

1.0 

S2817 

Apr.  12 

V.  slight. 

V.sUght. 

.41 

8.40 

1.40 

.0000 

.0160 

.0180 

.0014 

.88 

.0080 

.0000 

.44 

0.8 

»109 

Ksy  10 

V.  slight. 

Coas. 

.41 

8.46 

1.26 

.0004 

.0188 

.0120 

.0012 

.60 

1 

.0080 

.0000 

.44 

0.8 

SMSO 

Jane    7 

V.  slight. 

Ooas. 

.62 

8.40 

1.00 

.0000 

.0182 

.0182 

.0060 

.44 

.0010 

.0001 

.48 

1.0 

S8860 

July  18 

SUght. 

Blight. 

.47 

8.46 

1.40 

.0002 

.0204 

.0102 

.0012 

.40 

.0080 

.0000 

.47 

0.8 

SIS90 

Aug.    0 

V.  slight. 

BMght. 

.32 

8.00 

1.06 

.0006 

.0104 

.0162 

.0012 

.80 

1 

.0060 

.0001 

.87 

1.0 

siess 

Sept.  18 

V.  slight. 

V.slight. 

.37 

8.76 

1.76 

.0004 

.0178 

.0104 

.0014 

1 
.88 

.0080 

.0000 

.40 

1.0 

SI974 
9U08 

Oet.    11 
IToy.    8 

Slight, 

milky. 
V.sllght. 

Cons. 
V.sllght. 

.30 
.86 

8.80 
3.76 

1.60 
1.60 

.0002 
.0002 

.0184 
.0170 

.0180 
.0102 

.0004 
.0008 

.44 
.44 

.0020 
.0010 

.0000 
.0000 

.80 
.46 

1.8 
1.1 

2um 

Dm.  10 

V.  slight. 

V.sllght. 

.46 
.46 

8.60 

1.46 

.0000 
.0007 

.0170 
.0178 

.0108 
.0160 

.0008 
.0014 

.44 

.40 

.0020 

.0001 

.68 

1.1 

Av. .. 

8.76 

1.66 

.0047 

.0000 

.40 

1.1 

Odor  of  tho  fint  six  samples,  vegetable  and  sometimes  musty;  of  the  next  two,  none;  of  the  others, 
oone«  beeoming  faintly  vegetable  on  heating. 


Microscopical  Examination  of  Water  Jrom  a  Faucet  in  Lynn  supplied  from  the 

Lynn  Water  Works, 

[Number  of  organisms  per  cubic  centimeter.] 


1898. 


Jan. 


Feb. 


Mar. 


Apr. 


May 


June. 


Jaly. 


Aug. 


Sept 


Oct 


Nov. 


Dec 


Day  of  examination,  • 
Naaber  of  sample. 


12 
21827 


0 
22112 


10 
22607 


18 
22817 


11 
28100 


8 
28480 


14 


10 


2880024220 


14 
24028 


12 


0 


2407426808 


20 
26080 


PLANTS. 

DlatomaceflB, 
Qynedra, 

CyanophyoeflB,   • 

Al0», 


10 
0 


t 

1 


1 


16 
16 


71 

64 


15 


10 


0 


26 


8 

0 


9 

0 


10 


6 

0 


IS 
8 
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JjTNN  and  SAITGtrS. 

Microscopical  Eosamination  of  Water  Jrom  a  Faucet  in  Lynn  supplied  from  (he 

Lynn  Water  Works — Concluded. 

[Number  of  orgftnlsms  per  eoble  eentlmetor.] 


!»•». 

Jan. 

Feb. 

Her. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nor. 

Dee. 

ANDCALB. 

Inflisorla,     ..... 

1 

S 

8 

161 

17 

5 

86 

2 

0 

15 

Dinobryon, 

TraehelomoDM,  .... 

0 
0 

0 

1 

0 
0 

158 
0 

17 
0 

8 

1 

11 
26 

0 
1 

0 
0 

1 
IS 

Vermes, 

0 

1 

0 

2 

1 

1 

2 

0 

0 

0 

OruBtaoeft,  Bnoohipnt,     . 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

Jii$eettafU(nt9,  Zcl6g\f»mt  . 

8 

8 

8 

8 

8 

10 

5 

0 

8 

88 

Total, 

4 

9 

8 

IM 

114 

w 

M 

6 

18 

180 

11 

IT 

Water  Supply  of  Malden. 

(See  also  Metropolitan  Water  District^  pages  133-160.) 

The  lower  portions  of  Maiden,  together  with  the  city  of  Medford 
and  the  town  of  Melrose,  were  supplied  from  Spot  Pond  in  Stone- 
ham  until  Jan.  21,  1898,  and  during  the  remainder  of  the  year  from 
the  Metropolitan  Works.  The  high-service  district  was  supplied 
with  water  taken  from  the  system  of  tubular  wells  at  Webster  Park 
in  Maiden  until  the  latter  part  of  1898,  since  which  time  both  the 
high  and  low  service  districts  have  been  supplied  with  water  from 
the  Metropolitan  Works. 

The  system  at  Webster  Park  consists  of  99  tubular  wells  driven 
through  gravel  to  rock.  The  average  depth  of  the  wells  is  about 
60  feet.  There  is  a  large  population  in  the  territory  about  the 
wells,  but  there  are  no  dwelling-houses  in  their  immediate  vicinity- 
The  following  table  gives  the  results  of  chemical  analyses  of  monthly 
samples  of  water  from  the  wells  and  yearly  averages  of  analyses  made 
in  former  years.  The  hardness  of  the  water  has  increased  greatly 
since  the  works  were  first  constructed. 
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Chemical  Examination  of  Water  from  the  lubular  Wells  at  Maplewood  {Webster 

Park)y  Maiden* 

[ParU  per  100,000.] 


ArPBAKAXOE. 

• 

1^ 

Amvonia. 

• 

1 

Nmooni 
▲0 

ll 

s 

a 

• 

«i 

1 

• 

mtaMld. 

• 

8 

• 

1 

21761 

ISM 

Jan. 

(• 

None. 

None. 

.00 

20.20 

.0006 

.0024 

2.60 

.6200 

.0000 

.08 

17.6 

.0060 

t2088 

Feb. 

eught. 

Gone. 

.06 

24.00 

.0024 

.0064 

2.46 

.3800 

.0001 

.10 

18.8 

.0020 

23410 

ICar. 

Decided. 

Gone. 

.06 

80.80 

.0140 

.0040 

2.02 

.3900 

.0000 

.04 

16.0 

.0800 

22760 

Apr. 

V.alight. 

V.sUght. 

.02 

27.00 

.0006 

.0018 

2.90 

.8600 

.0000 

.04 

11.2 

.0020 

29062 

May 

NoDe. 

None. 

.02 

29.80 

.0002 

.0020 

8.82 

.8080 

.0000 

.02 

12.8 

.0010 

28601 

June 

None. 

None. 

.08 

29.60 

.0004 

.0080 

2.87 

.2400 

.0000 

.06 

16.0 

.0010 

2S822 

Jaly 

Blight. 

Slight. 

.01 
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.0016 

.0028 

2.84 

.1660 
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.08 

12.6 

.0480 

2457B 

Sept. 

None. 

V.ellght. 

.02 

28.60 
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.0012 

2.72 

.8400 

.0000 

.06 

10.6 

.0070 

21066 

Oet. 

10 
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V.ellght. 

.01 

27.40 
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.0080 

2.78 

.4000 
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.02 

10.8 
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26288 
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V.  slight. 

V.iUght. 

.08 

20.00 

.0006 

.0010 

2.68 

.8060 
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.07 

16.6 

.0060 

26668 

Dee.  10 

None. 

V.ellght. 

.08 

20.80 

.0002 

.0016 

2.71 

.4200 

.0000 

.08 

16.6 

.0090 

Averages  by  Years, 


. 

1888 

- 

. 

.00 

17.46 

.0000 

.0008 

2.80 

.6081 

- 

- 

. 

- 

- 

1800 

- 

- 

.00 

18.19 

.0002 

.0014 

2.29 

.4962 

.0001 

- 

8.0 

- 

- 

1801 

- 

- 

.00 

20.88 

.0001 

.0007 

2.28 

.6146 

.0001 

- 

9.6 

- 

- 

1802 

- 

- 

.00 

28.00 

.0000 

.0006 

2.86 

.6129 

.0000 

- 

11.4 

.0886 

- 

1808 

- 

- 

.00 

28.72 

.0001 

.0011 

2.48 

.4828 

.0000 

.02 

11.1 

.0121 

- 

1804 

- 

- 

.00 

28.28 

.0000 

.0012 

2.74 

.8946 

.0000 

.02 

18.2 

.0068 

m 

1806 

- 

- 

.00 

82.02 

.0001 

.0016 

2.78 

.4817 

.0000 

.08 

14.0 

.0002 

- 

1806 

- 

- 

.00 

80.46 

.0002 

.0021 

2.86 

.4468 

.0000 

.04 

18.7 

.0090 

- 

1807 

- 

- 

.00 

29.78 

.0004 

.0062 

2.87 

.4633 

.0000 

.08 

16.6 

.0010 

- 

1890 

- 

- 

.02 

28.41  1 

1 

.0019 

.0026 

2.69 

.8426 

.0000 

.06 

13.6 

.0148 

Nora  to  enalyeee  of  1898 :  Odor,  none.   The  odor  of  the  last  two  samples  became  unpleasant  on 
beating. 
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Wateh  Supply  of  Manghesteb. 

The  sources  of  supply  are  a  well  32  feet  in  diameter  and  29  feet 
deep  located  in  the  valley  of  Saw-mill  Brook,  with  11  tubular  wells 
driven  in  its  bottom  and  5  tubular  wells  driven  to  depths  ranging 
from  27  to  34  feet  in  the  valley  of  the  brook  a  short  distance  above 
the  large  well. 

Chemical  Examination  of  Water  from  the  Large  Well  of  the  Manchester  Water 

Works. 


[ParU  per  100,000.] 

1 

■ 

a 
o 

▲moKu. 

• 

• 

g 
1.91 

NnaoQBi 

1 

i 

e 

1 

a 

1 

Albn- 
mlnold. 

• 

1 

• 

• 

Average  of  elz  eamplee  collected  in  Feb- 
raarji  May.  Jaly,  Augnat,  October  and 
December,  1898. 

.01 

10.87 

.0002 

.0007 

.1298 

.0000 

.01 

8.6 

.OOB 

Odor,  none. 

Water  Supply  of  Mansfield  Water  Supply  District, 

Mansfield. 

The  source  of  supply  is  a  well  25  feet  in  diameter  and  20  feet 
deep  in  the  vicinity  of  Gate  Springs,  near  the  Canoe  River. 

Chemical  Examination  of  Water  from  the  Well  of  the  Mansfield  Water  Works. 

[Parte  per  100,000.] 


1 

AVMOXIA. 

.82 

NlTBOOBir 

▲s 

1 

f 

• 

i 

1 

Albn- 
mlnold. 

• 

1 

rf 
S 

• 

i 

Average  of  six  eamples  collected  In  Febru- 
ary, April,  Jane,  Aagnat,  October  and 
December,  1898. 

.00 

1 

2.88 

1 

.0000 

.0008 

.0028 

.0000 

.02 

0.9 

.0018 

Odor,  none. The  oamplea  were  collected  from  a  fancet  at  the  pumping  atation. 

Water  Supply  of  Marblehead. 

The  sources  of  supply  are  two  large  wells  in  the  valley  of  Forest 
River  in  Salem.  Well  No.  1,  which  is  situated  near  Loring  Ave- 
nue, is  30  feet  in  diameter  and  34  feet  deep.  Well  No.  2  is  25 
feet  in  diameter  and  34  feet  deep.     The  latter  well  is  situated  in  the 
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bed  of  a  pond  which  has  been  drained  and  was  sunk  through  about 
20  feet  of  mud  into  a  stratum  of  gravel.  The  water  from  well  No. 
2  contains  an  excessive  amount  of  iron,  and  considerable  trouble 
has  been  caused  by  its  presence  in  the  water  supplied  to  the  town. 

The  reply  of  the  State  Board  of  Health  to  an  application  from 
the  water  commissioners  of  Marblehead,  with  regard  to  the  iron  in 
the  water  supplied  to  the  town  and  the  best  remedy  therefor,  may 
be  found  on  pages  37  and  38  of  this  volume. 

Chemical  ExanUnaiion  of  Water  Jrom  Faucets  in  MarbUhead  supplied  from  the 

Marblehead  Water  Works, 

[Parte  per  100,000.] 


• 

Affbabascr. 

• 

▲mfOHIA. 

NITBOOBH 

• 
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▲S 

a 
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A** 

6 

a 
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• 
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Oxygen 
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i 

c 

a 

18»S. 

S1747 

Jao.     8 

Deelded. 

Cone. 

.06 

16.80 

.0110 

.0022 

1.78 

.0870 

.0008 

.08 

7.4 

.0880 

flOOO 

Feb.    7 

Decided. 

V.  Blight. 

.07 

12.60 

.0010 

.0020 

1.06 

.0880 

.0006 

.06 

6.0 

.0140 

SU96 

May  2ft 

V.ellsbt. 

None. 

.07 

14.80 

.0020 

.0042 

1.47 

.0680 

.0000 

.04 

7.1 

.0200 

utm 

Aag.  11 

Decided, 
mUky. 

Heavy. 

.06 

16.40 

.0218 

.0082 

1.44 

.0140 

.0004 

.04 

6.6 

.2000 

IMS! 

Nov.  17 

Decided, 

_  milky. 

Cons. 

.06 

16.00 

.0184 

.0026 

1.70 

.0280 

.0002 

.06 

6.6 

.2600 

S&610 

Dee.  80 

Deelded, 
milky. 

SUght. 

.84 

14.20 

.0110 

.0024 

1.69 

.0800 

.0004 

.04 

6.1 

.0750 

Av 

.11 

14.78 

.0100 

.0028 

1.67 

.0888 

.0006 

.04 

6.6 

.1006 

Odor  of  tbe  firit  sample,  distinctly  earthy ;  of  the  others,  none. These  samples  represent  a 

Dlztnre  of  water  of  well  No.  1  with  water  from  well  No.  2,  which  flows  into  well  No.  1. 

Water  Supply  of  Marlborough. 

The  sources  of  supply  are  Lake  Williams  and  Millham  Brook. 
Lake  Williams  has  an  area  of  72  acres,  a  capacity  of  270,000,000 
gallons  and  a  general  depth  of  from  10  to  26  feet^  The  bottom  of 
the  lake  is  said  to  be  muddy.  The  lake  has  a  water-shed  of  0.56 
of  a  square  mile,  which  contains  a  population  of  about  550  per 
square  mile. 

Millham  Brook  Reservoir,  which  was  constructed  in  1895,  has 
an  area  of  66  acres,  a  storage  capacity  of  315,000,000  gallons  and 
a  general  depth  of  25  feet.  The  area  iSowed  contained  about  30 
acres  of  meadow,  in  which  the  mud  was  3  to  6  feet  deep.  All  of 
the  bottom  of  the  reservoir  which  was  above  a  plane  10  feet  below 
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high  water  was  stripped  of  all  soil  and  vegetable  matter,  the  material 
removed  being  used  to  fill  shallow  portions,  so  that  there  is  no 
part  of  the  reservoir  where  the  water  is  less  than  6  feet  deep  at 
high  water.  The  remainder  of  the  bottom  was  cleared  of  brush 
and  stumps,  but  none  of  the  soil  was  removed.  The  water-shed  of 
the  reservoir,  exclusive  of  the  water-shed  of  Lake  Williams,  which 
is  in  the  same  water-shed,  has  an  area  of  3.56  square  miles  and 
contains  60  persons  per  square  mile. 

Just  above  the  reservoir  Millham  Brook  is  joined  by  a  large 
tributary,  known  as  the  North  Branch.  The  North  Branch  con- 
tains much  swamp  on  its  water-shed,  and  the  water  is  consequently 
very  highly  colored  and  contains  a  large  amount  of  organic  matter. 
The  South  Branch  has  much  less  swamp  upon  its  water-shed,  and 
the  water  is  of  better  quality. 

Water  from  the  reservoir  can  be  pumped  into  Lake  Williams,  or 
it  can  be  pumped  directly  into  the  distributing  reservoir.  On  ac- 
count of  the  heavy  rainfall  throughout  1898  no  water  was  used  from 
this  source  for  the  supply  of  the  city  during  the  year. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Marl- 
borough, relative  to  plans  for  a  proposed  extension  of  the  sewerage 
system  of  the  city  to  the  district  bordering  upon  Lake  Williams, 
for  the  purpose  of  protecting  the  purity  of  the  water  of  the  lake, 
may  be  found  on  pages  94  to  96  of  this  volume. 

Chemical  Examination  of  Water  from  Lake  Williams^  Marlborough. 

[Parts  per  100,000.] 


B 

0 


91708 
S2794 
28881 
34048 


Av. 


a 
o 

6 

O 

I 


IMS. 

Jan.   10 

Apr.  11 
July  11 
Oet.    10 


Afpbabaxgb. 


•a 

? 

s 
H 


s 

I 


i 


Decided. 
Slight. 
Slight. 
V.  slight. 


Cons. 
Cods. 
V.sUght. 
V.  slight. 


>09 
00 
.10 
.10 


.00 


Rbsidds  ox 

TION. 


I 


4.86 
4.M 
4.40 
4.80 


4.40 


§ 


1.80 
l.fiO 
1.80 
1.76 


1.86 


Ammonia. 

Albominold. 

■ 

1 

1 

• 

s 

1 

1 

s  & 

hi 

H 

Q 

CO 

.0018 
.0010 
.0010 
.0004 


.0010 


.0270 
.0234 
.0258 
.0830 


.0248 


.0288 
.0182 
.0283 
.0206 


.0214 


.0032 
.0068 
.0098 
.0024 


.0084 


0 

s 

o 


NXTROOSH 
▲8 


I 


3 


.68 
.61  i 
.61 
.48 


.61 


.0070 
.0080 
.0010 
.0000 


.0036 


I 

I 
.0001 

.0002 

.0000 

.0000 


.0000 


a 


e 

Cl 
M 

O 


.24 
.S3 
.28 
.29 


.26 


2.3 
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Odor,  faintly  vegetahle  or  none. The  third  sample  was  collected  from  a  fiiaeet  at  the  pnmpiBg 

station,  and  the  other  samples  from  the  lake. 
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Chemical  ExamiruUian  of  WiUer  from  the  North  Branch  of  MiUham  Brook,  near 
Ue  Entrance  to  the  MiUham  Brook  Storage  Reservoir^  Marlborough. 

[Parts  per  100,000.] 
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Odor,  generally  Tagatable,  aomattmea  maaty. 


Chemical  Examination  of  Water  from  MiUham  Brooke  near  Us  Entrance  to  the 

Millham  Brook  Storage  Reservoir^  Marlborough, 

[ParU  per  100,000.] 
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Odor,  generally  Tegetabia  or  none,  oceaalonally  faintly  moaty. 
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ChemiccU  Examination  oj  Water  from  MiUham  Brook  Storage  Beservotr^ 

Marlborough, 

[ParU  per  100,000.] 
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.0000 

.0001 
.0002 
.0001 
.0001 
.0000 
.0000 
.0000 
.0001 
.0002 
.0001 


% 

8 


c 
o 

o 

B 
& 

s 


3 

s 

n 


0.50 


2.1 


0.40  1.6 


0.46 
0.40 
0.46 
0.68 
0.67 
0.47 


0.89 


1.1 
1.0 
1.1 
1.0 
1.8 
1.1 


1.08  1.8 


1.7 


0.78  1.4 
0.67  1.8 


Averages  by  Tears, 


- 

1896 

- 

- 

0.80 

4.44 

1.68 

.0068 

.0806 

.0248 

.0068 

.80 

.0088 

.0008 

0.09 

1.8 

- 

1897 

- 

- 

0.88 

4.24 

1.77 

.0081 

.0296 

.0248 

.0050 

.80 

.0066 

.0001 

0.64 

1.5 

-. 

1898 

- 

- 

0.67 

4.80 

1.96 

.0050 

.0289 

.0191 

.0048 

.82 

.0096 

.0001 

0.50 

1.8 

Note  to  analyiet  of  1898 :  Odor,  generally  vegetable,  beooming  stronger  on  heating, 
plee  were  ooUeoted  from  the  reeenroir,  2  feet  beneath  the  eurfkuse. 


The  lam- 
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Microscopical  EzamifuUion  of  Water  Jrom  Millham  Brook  Storage  Reservoir^ 

Marlborough, 

[Knmber  of  organiama  per  enblo  oentimeter.] 


IMS. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Hot. 

Dec 

11 

8 

8 

12 

10 

7 

12 

0 

18 

11 

8 

8 

NmnlMr  of  MflBple,    .       •       .       . 

21701 

2900622461 

22707  28063 

28404 

2888824188 

24604 

24046 

26267 

26668 

PLANTS. 

Diatomaoeao,      .... 

866 

4 

8 

482 

1,080 

764 

872 

266 

1,460 

1,640 

440 

128 

AatorioiMUft*        .... 

BToadn, 

l^bellMte. 

862 
0 

4 

4 
0 
0 

8 
0 
0 

426 
4 
2 

606 

876 

82 

112 

02 

624 

10 

4 

866 

0 

2 

284 

808 

0 

1,148 

1,484 

12 

188 

886 
12 
66 

02 

4 
28 

Oyanopbyoen*  .... 

0 

0 

0 

0 

0 

0 

60 

88 

64 

18 

0 

0 

AnalMnia, 

CadospbmrlQBi,   .... 
MortsmopcBdlft,    .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

44 

2 
0 

60 
0 
8 

0 

0 

64 

0 

10 

0 

0 
0 
0 

0 
0 
0 

AlffSB, 

4 

1 

0 

12 

164 

8»204 

266 

62 

76 

120 

116 

8 

CoanMrliini, 

Protocoeeiis,        .... 

BaplddliiiB, 

BtaarMtmiB,       .... 

0 
0 

4 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

12 

0 

0 

0 

166 

2 

0 

0 

8,200 

74 

4 

104 

78 

8 

60 

0 

24 

4 

12 

0 

0 

82 

4 

0 

0 

08 

16 

2 

0 

44 

0 

0 
0 

1 

0 

AinMALS. 

BhiaopodA, 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

Inftiaoxia, 

9 

12 

1 

70 

m 

4 

1,766 

24 

200 

168 

62 

10 

CryplonioiiM,      .... 
Diaobiyoo, 

)uljk»aioiMM»        .... 

PMldlaliuB 

TtotlBDldlnnit      .... 
TnchslomooM,  .... 

0 
0 
0 
0 
8 
0 

1 

0 

1 

0 
2 
2 
0 
0 

0 
0 

1 

0 
0 
0 
0 

4 
4 
66 
0 
0 
0 
0 

10 
02 
2 
0 
14 
0 
2 

0 
0 
0 
0 
2 
0 
0 

0 
1,680 

2 
12 

4 
10 
64 

0 
0 
0 
2 

2 

0 

20 

0 
106 

0 

8 
16 

4 
66 

0 
24 

0 
0 
2 
0 
182 

0 
18 

0 
16 

0 

0 
26 

0 
8 

1 

0 
0 
0 
0 

Vermes* 

0 

0 

0 

0 

2 

8 

2 

0 

4 

2 

0 

0 

Omstsoea, 

0 

0 

0 

0 

0 

pr. 

pr. 

0 

pr. 

pr. 

0 

0 

Cyeiop«, 

Dftpbnls, 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

pr. 
pr. 

pr. 
pr. 

0 
0 

^\ 

0 
pr. 

0 
0 

0 
0 

JTlMcZ/aiuoMi.  Zo8f  Km,  • 

10 

8 

0 

7 

10 

0 

10 

6 

8 

10 

0 

8 

Toval, 

870 

20 

0 

621 

1,888  4,070 

2,470 

420 

1,812 

1,048 

620 

144 
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MABIiBOBOTJOH. 

Chemical  ExamiTuUion  of  Water  Jram  MUlham  Brook  Storage  Reservoir^  Marl- 
borough^ collected  near  the  Bottom. 

[Parts  per  100,000.] 


i 

a 


I 


31702 
220M 
SS408 
S87B8 
28084 
28406 


24180 
24006 
24946 
26268 
26668 


ISM. 

Jan.  10 
Fab.  7 
Mar.  7 
Apr.  11 
Uky  0 
Jane  6 
July  11 
Ang.  8 
Bept  12 
Oot.  10 
Nov.  7 
Deo.    7 


Appbabaucb. 


a 


Decided. 

Cona. 

V.aliffht. 

Oona. 

Decided. 

OoBa. 

Decided. 

Cona. 

Slight. 

Oona. 

Decided. 

Heavy. 

Decided. 

Oona. 

Decided. 

Oona. 

Decided. 

Oona. 

Slight. 

Oona. 

SUght. 

Slight. 

V.  alight. 

SUght. 

0.91 
l.OO 
0.67 
0.44 
0.49 
0.80 
2.66 
2.80 
8.10 
1.10 
0.88 
0.01 


Rmidub  on 

£VAPOKA> 

noK. 

Total. 

• 

1 

SI 

r 

4.00 

2.00 

4.66 

2.10 

4.20 

1.60 

8.76 

1.60 

8.66 

1.66 

4.26 

1.06 

6.66 

8.26 

6.66 

2.86 

7.20 

2.86 

6.86 

2.70 

7.16 

4.06 

4.86 

1.00 

AlCMOinA. 


I 


Albamlnoid. 


I 


18 


.0168 
.0212 
.0006 
.0020 
.0000 
.0280 
.0878 
.1872 
.2270 
.0244 
.0004 
.0028 


.02461 
.0268 
.0166 
.0166 
.0198 
.0684 
.0406 
.0462 
.0440 
.0814 
.0390 
.0164 


.0202 
.0206 
.0166 
.0120 
.0142 
.0216 
.0810 
.0808 
.0820 
.0804 
.0200 
.0148 


.0044 
.0062 
.0010 
.0086 
.0066 
.0118 
.0098 
.0144 
.0120 
.0010 
.0080 
.0016 


e 

1 


.88 
.88 
.27 
.28 
.86 
.80 
.29 
.80 
.26 
.82 
.80 
.82 


MITBOOKV 
▲8 


e 


I 


.0180 
.0180 
.0160 
.0180 
.0000 
.0010 
.0010 
.0000 
.0000 
.0020 
.0000 
.0110 


.0002 

.0003 

.0001 

.0002 

.0001 

.0006 

.0000 

.OOOOt 

.0000' 

.0002 

.0002 

.0000 


8 


c 
ft 

o 


s 


.62 
.68 
.46 
.80 
.46j 
.64 
.78 
.8« 
.16i 
.851 


2.0 
2.0 
1.1 
1.0 
1.0 
1.8 
1.8 
1.6 
2.0 
1.6 


.82;  1.4 

.69  1.8 


Averages  by  Tears. 


1806 
1807 
1898 


1.04 
1.47 
1.29 


6.07 
6.88 
6.21 


1.94 
2.24 
2.86 


.0186 
.0288 
.0472 


.0881 
.0848 
.0286 


.0271 
.0288 
.0224 


.0060 
.0066 
.0061 


.81 
.82 
.81 


.OllOJ. 

.0076 

.0071 


0008  0 
0006  0 
0002  0 


I 
.RS  1.6 
.79  1.7 
.68.  1.6 


NoTB  to  aoalyaea  of  1806 :  Odor,  generally  vegetable,  aometlmea  mnaty  and  nnpleaaant  or  dlaagree- 

able,  becoming  atroager  on  heating. The  aamplea  were  oolieeted  from  the  reaervoir,  2  feet  above  the 

bottom. 

Microscoptoal  Examination  of  Water  from  MiUham  Brook  Storage  Reservoir^ 

Marlborough^  oolieeted  near  the  Bottom. 

[Namber  of  organlama  per  cable  oentlmetor.] 


1899. 


Jan. 


Fab. 


Mar. 


Apr. 


Blay. 


Jane. 


Jttly. 


Aug. 


Sept 


Oct 


Hov. 


Dee. 


Day  of  examination,  . 
Kamber  of  aample,    . 


11 


8 


12 


21708  22094,22462  22708  28064 


10 


18 

2882»i24189 


18 


11 


8 


24606  84M6  26268  86668 


PLANTS. 

Di*tomaoe»i 

Aaterlonella, 
Synedra,  . 

Tabellaila,   . 


OyanophyoMBt  • 
Clathroeyatla, 


AlffSB, 


Protoeooena, 
Raphldlnm, . 


1|18« 

4t 

16 

1 
674 

7M 

IN 

Mt 

40 

1,168 

41 

8 

668  1 

492 

66 

0 

0 

1 

0 

0 

186 

60 

2 

8 

0 

0 

2 

84 

100 

620 

46 

0 

6 

0 

6 

0 

8 

8 

0 

0 

0 

0 

0 

6 

0 

1 

0 

8 

168 

180 

80 

10 

0 

0 

1 
0 

142 

122 

0      0 

a 

1 

0 

1 

2 

26 

16 

0 

8 


0741 1,OfO{  480;  H8 

80{lj60IK  880 


881 


886;    800>    68 


O!     18 


.1 


101 


t 

0 


12    100.    00 


a 


o>     0 

,      86)      4 
I  I 


106 
8 
88 


2 

0 


0 
0 
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MicrosoopiccU  ExamituUton  of  Water  from  MiUham  Brook  Storage  Reservoir^ 
Marlborough^  collected  near  the  Bottom —  Concluded. 

[Number  of  orgaDinni  per  euble  centimeter] 


IMS. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


Jnl7 


Aug. 


Sept. 


Oct 


Not. 


Deot 


ANIMALB. 
InftiBoria, 


Codooella,    . 
GryptooBonaa, 
Dinobryoo,  . 
Snglena* 
Perldlnlam, . 
Traebelomonaa,  . 


Cyelopa, 
iMphnla, 


15 

2 
0 
0 
0 
1 
12 


pr. 
pr. 


1 
0 
0 
1 
1 
2 


1 
0 
0 
0 
0 

1 


pr. 


0 
0 


40 

12 
2 
0 

18 

4 
2 


0 

0 


74 

4 
16 
88 

4 
10 

2 


8 

0 
0 
0 
2 
0 
2 


518  It 


0 

0 

488 

4 
2 

12 


0 
8 
0 
0 
0 
8 


104 

0 

0 

58 

0 

20 

20 


fit 

0 
0 
0 
0 
0 
48 


pr. 
^'6 


pr. 


pr. 


pr, 


0 
0 


pr, 


pr. 


St 

2 
0 

18 
0 
0 

10 


0 
0 


2 
0 
7 
0 
0 
20 


pr. 


pr. 


MUotUantau*  ZoSgkM, 


20 


8 


8 


100 


16 


100 


J 


10 


TOTAX.. 


1.100 


68 


17 


882 


080 


484 


1,111 


178 


1,800 


2,108 


688 


204 


Water   Supply  of  Brant  Rock,   Marshfield. — Brant  Rock 

Water  Company. 

Chemieal  Examination  of  Wat»r  from  the  Well  of  the  Brant  Rock  Water  Company, 

[Parte  per  100,000.] 


i 

a 

a 


• 

a 


s 


Aag.  28 


AmasAVOB. 


i 

1 


s 


None. 


None. 


.00 


§ 


10.70 


Ammoiiia. 


2 

s 

ii 

^ 


.0000 


.0012 


6 


8.10 


KiTaOOBN 

▲a 


i 
I 


8 


.0680 


.0000 


% 


M 

o 


.08 


i 

s 


I 


2.0 


.0080 


Odor,  none.  — —  The  eample  waa  ooUected  from  a  favoet  at  the  pamptng  atatlon. 


Water  Supply  of  Maynard. 

The  source  of  sapply  is  White  Pond  in  Hudson  and  Stow.  The 
pond  has  an  area  of  58  acres  and  a  water-shed  of  0.29  of  a  square 
mile,  which  contains  a  population  of  about  17  per  square  mile. 
Water  from  the  pond  is  drawn  through  a  long  conduit  constructed 
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MAYNABD. 

of  earthen  pipe  with  open  joints  to  an  open  masonry  receiving  res- 
ervoir. Much  ground  water  enters  the  conduit  between  the  pond 
and  the  receiving  reservoir.  Water  also  enters  the  reservoir  from 
the  ground  about  it  when  the  water  in  it  is  drawn  down,  so  tliat  the 
water  delivered  to  the  town  is  a  mixture  of  water  from  the  pond 
with  a  varying  amount  of  ground  water.  During  the  early  spring 
of  1898  the  water  had  a  fishy  and  oily  odor,  which  was  apparently 
due  to  a  growth  of  the  organism  Uroglena  in  the  open  reservoir. 


Chemical  ExamifuUion  of  Water  from  White  Pond^  Maynard. 

[Paru  per  100,000.] 


S8SU 
22606 
29024 
24710 


Av. 


6 

s 


lats. 

Feb.  16 
If  ar.  17 
July  19 
Sept.  21 


APPBARAaCB. 


I 


-3 


None. 
SUght. 
SUght. 
V.sUght. 


None. 
V.  Blight. 
None. 
Slight. 


.07 
.00 
.00 
.02 


.07 


rb8iodb  ov 
Eyapora- 

TIOV. 


e 


2.70 
2.70 
2.76 
2.26 


2.00 


3 


11 


1.00 
0.90 
0.86 
0.90 


— «r- 
0.91 


Amxobia. 


Albnmlnoid. 


S 
S 


.0014 
.0006 
.0002 
.0004 


.0000 


.0128 
.0180 
.0116 
.0198 


.0106 
.0110 
.0110 
.0168 


.0144.. 0124 


it 

00 


.0020 
.0026 
.0006 

.0080 


.0020 


s 
1 


.82 
.80 
.82 
.86 


.82 


MiTBOOBS 
AS 


I 

e 


«> 
«. 

C 


.0020 
.0020 
.0010 
.0000 


.0000 

.0000 
.0000 
.0000 


1 

» 

e 

6 


o 


.0012.0000 


.16 
.26 

I 

.18 
.14 


.18 


9 

8 
I 


0.8 
1.9 
1.9 
0.6 


0.8 


Odor  of  the  flret  Mmple,  none,  beeomlng  dletlnetly  flthy  on  heetlng;  of  the  leeond,  decidedly  flehyt 

beooming  itronger  and  aleo  oily  on  heating;  of  the  others,  none. No.  24716  was  ooUeeted  from  the 

pond,  and  the  othert  from  a  fiiaeet  in  the  Tillage.    The  iamplee  eoUeoted  In  the  ▼lllage  represent  pond 
water  mixed  with  a  considerable  amoont  of  ground  water. 


Medfield. 
Chemical  ExamincUian  of  Water  from  a  Spring  in  Medfield, 

[ParU  per  100,000.] 


24668 


m 


a 


Sept.  7 


Appbababcb. 


^ 


B 

H 


V.sllght. 


•i 

a 

S 

1 


None. 


I 


.18 


ri 

via 


4.70 


AHKOlfXA. 


I 


S 

o 
a 


MB 


.0008 


.0066 


a 

I 


.24 


MlTBOOBV 
AS 


i 

I 


I 

s 


.0080 


.0000 


o 


8 

«> 
a 


.26 


1.8 


Odor,  none.— —  The  sample  was  collected  from  a  spring  near  Vine  Brook,  about  one-third  of  a  atOe 
abOTC  North  Street.  This  spring  is  used  as  a  sonrce  of  water  supply  by  a  large  straw  factory  and  by  a 
ponton  of  the  Tillage  of  Mediield. 
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MEDFIIXD  INSANE  ASYIATM. 

Water  Supply  or  Medfield  Insane:  Asylum. 

Chemical  Examination  of  Water  from  Farm  Pond  in  Sherbom. 

[PmtU  p«r  100,000.] 


■ 

1 

1 

APPXABAXrOI. 

Rbsiddb  ok 

EVAPORA- 
TIOV. 

AVKOlfXA. 

• 

1 
.20 

NiTBOOKN 
▲8 

• 

o 

■ 

• 

« 

1 

I 

• 

r 

1 

Albaminoid. 

i 

• 

1 

• 

• 

i 

• 

1 

i\ 

21M8 

1899. 
Jan.  26 

V.Bliglit. 

V.aUght. 

.02 

2.10 

0.85 

.0004 

.0182 

.0126 

.0006 

.0010 

.0000 

.13 

0.5 

Ton 

Feb.  18 

V.sUght. 

None. 

.05 

8.00 

1.05 

.0012 

.0102 

.0008 

.0004 

.29 

.0080 

.0000 

.11 

0.8 

29006 

ICu.  21 

V.tHglit. 

V.iUgfat. 

.04 

1.60 

0.70 

.0010 

.0118 

.0104 

.0014 

.27 

.0050 

.0000 

.14 

0.5 

7ms 

Apr.  26 

V.aUght. 

V.tUght. 

.08 

1.05 

0.85 

.0006 

.0004 

.0068 

.0006 

.28 

.0080 

.0001 

.16 

0.6 

ttais 

May  25 

V.ittght. 

None. 

.11 

1.75 

0.85 

.0026 

.0180 

.0114 

.0016 

.27 

.0060 

.0000 

.12 

0.6 

2Se79 

Jan*  22 

V.iUght. 

SUght. 

.00 

1.80 

0.50 

.0000 

.0128 

.0112 

.0016 

.26 

.0010 

.0000 

.16 

0.5 

24070 

Joly  28 

V.iUght. 

V.  slight. 

.02 

2.05 

0.06 

.0008 

.0104 

.0100 

.0004 

.24 

.0000 

.0000 

.14 

0.0 

Mitt 

Aug.  24 

Slight. 

Blight. 

.02 

1.40 

0.55 

.0004 

.0182 

.0120 

.0012 

.22 

.0010 

.0000 

.18 

0.0 

24877 

8«in-90 

Slight. 

V.eUght. 

.07 

1.80 

0.65 

.0006 

.0116 

.0100 

.0016 

.25 

.0000 

.0000 

.12 

0.5 

25170 

Oet.  28 

None. 

V.ilight. 

.10 

2.00 

1.05 

.0000 

.0066 

.0064 

.0002 

.24 

.0010 

.0001 

.11 

0.5 

2M40 

Not.  82 

V.riight. 

None. 

.09 

1.76 

0.05 

.0008 

.0100 

.0008 

.0002 

.24 

.0000^ 

.0000 

.10 

0.0 

25003 

I>ee.  26 

NOM. 

V.tUgbt. 

.04 
.06 

2.00 

0.86 

.0002 
.0007 

.0103 
.0110 

.0102 

.0000 

.27 
.26 

.0000 
.0017 

.0000 
.0000 

.12 
.12 

0.2 

Atx* 

1.02 

0.82 

.0102 

.0008 

0.8 

Odor.  none.    A  ftlntly  iregeteble  odor  wea  developed  in  aome  of  the  aamplea  on  heating.  — -  The 
eamplee  were  eolleeted  fh»m  lanceta  in  the  aaylnm  anpplled  from  the  pond. 

Water  Supply  of  Medford. 

(See  also  MetropolUan  Water  District,  pages  133-160.) 
The  city  of  Medford  was  formerly  supplied,  together  with  the 
city  of  Maiden  and  the  town  of  Melrose,  from  Spot  Pond,  the  sup- 
ply being  supplemented  at  times  by  water  from  Wright's  Pond. 
Since  March  12,  1898,  the  supply  of  Medford  has  been  taken  partly 
from  the  Metropolitan  Water  Works  and  partly  from  Wright's 
Pond.  Wrighfs  Pond  has  an  area  of  24  acres  and  an  average 
depth  of  10  feet.  It  is  an  artificial  reservoir,  formed  by  a  dam 
across  a  brook  which  has  its  source  in  the  vicinity  of  Spot  Pond. 
The  soil  was  not  removed  from  the  area  flowed  when  the  reservoir 
was  constructed.  The  pond  has  a  water-shed  of  191  acres,  which 
contains  a  very  small  population,  the  water-shed  being  mostly  in- 
cluded in  the  Middlesex  Fells  Park  Reservation.     Water  is  also 
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pumped  at  times  from  two  branch  Btreams  which  enter  the  brook 
just  below  Wright's  Pond. 

The  water  of  Wright's  Pond  is  highly  colored,  and  contains  at 
times  a  very  large  amount  of  organic  matter. 

The  reply  of  the  State  Board  of  Health  to  an  application  from 
the  water  commissioners  of  Medford  for  advice  with  reference  to 

I 

the  use  of  the  water  of  Wright's  Pond  during  cold  weather  may  be 
found  on  page  38  of  this  volume. 


Chemical  Examination  of  Water  from  WrighVs  Pond^  Medford, 

[ParU  per  100,000.] 
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Odor  of  the  flret  eample,  felntly  mnety*  beeoniog  dietlnetly  miiety  on  heeling;  of  Uie 
vegetable,  becoming  aleo  nnpleeeant  on  heating. 


faintly 


Water  Supply  of  Melrose. 

(See  Metropolitan  Water  District,  pages  133-160.) 

Water  Supply  of  Methuen. 

The  source  of  supply  is  a  system  of  tubular  wells  iu  the  valley 
of  Spicket  River,  at  the  place  where  the  river  is  joined  by  Harris 
Brook. 

Chemical  Examination  of  Water  from  the  Tubular  Welle  of  the  Methuen  WoUr 

Works. 

[Peru  per  100,000.] 


Avenge  of  elz  eemplee  eoUeeted  In  Feb- 
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Odor,  none.  —  The  April  lample  wae  collected  from  the  wella,  end  the  othen,  from  fenoeti  In  the 
town. 
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mtddlebobough. 

Water   Supply   of   Middleborough    Fire   District, 

MlBDLEBOROUGH . 

The  source  of  supply  is  a  well  near  the  Nemasket  River,  above 
the  village  of  Middleborough.  The  well  is  26  feet  in  diameter  and 
22  feet  deep.  There  has  been  a  marked  deterioration  in  the  quality 
of  the  water  drawn  from  the  well,  which  is  shown  in  the  table  of 
yearly  averages  of  chemical  analyses. 


Chemical  Examination  of  Water  from  the  WeU  of  the  Middleborough  Fire  District. 

[Pmrto  per  100,000.] 
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Averages  by  Tears, 
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NoTB  Id  aaalyaee  of  1806:  Odor  of  the  tecond  sample,  faintly  vegetable;  of  the  otbere,  none.-— 
The  fizat  three  eamplea  were  eoUceted  from  a  faaeet  at  the  pomping  station;  the  others,  from  the  well. 


Water  Supply  of  Middleton. 

(See  Danvers.) 


276 


STATE  BOARD   OF  HEALTH.         [Pub,  Doc. 


miulbubt. 
Wateb  Supply  of  Millbury. — IVIillbury  Water  Company. 

The  source  of  supply  is  a  well  20  feet  in  diameter  and  40  feet 
deep,  located  on  a  tributary  of  Dorothy  Brook,  near  the  Millbury 
branch  of  the  Boston  &  Albany  Railroad,  about  half  a  mile  north* 
east  of  the  village. 

Chemical  Examination  of  Water  from  the  Well  of  the  MiUbury  Water  Company. 

[Parte  per  100,000.] 
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Odor,  none.— The  Febroary  and  Attgust  tamplet  were  collected  from  a  lancet  in  the  pnmplog 
■tation,  and  the  othen  from  the  well. 


Water  Supply  of  Millis. 

ChemiccU  Examination  of  Water  from  the  Aqua  Rex  Spring^  MtUis. 

[Pnrte  per  100,000.] 
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Odor,  none. 


Water  Supply  of  Milton. 

(See  Hyde  Park  ) 


Water  Supply  of  Monson. 

The  source  of  supply  is  a  well  73  feet  in  diameter  and  23  feet 
deep,  located  in  the  valley  of  Ingalls  Brook,  near  its  junction  with 
Conant  Brook,  about  2^  miles  from  the  village  of  Monson. 
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MONSOK. 

Chemical  Examination  of  Water  from  a  Faucet  in  Mon»on^  supplied  from  the 

MoMon  Water  Works, 


[ParU 

per  100,000.] 
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Odor»  Done. 

Water  Supply  of  Turner's  Falls  Fire  District,  Montague. 

The  source  of  supply  is  Lake  Pleasant,  which  is  situated  in  a 
sandy  plain  in  the  town  of  Montague.  The  lake  has  an  area  of 
45  acres  and  a  maximum  depth  of  40  feet.  Its  shores  are  sandy, 
and  the  bottom  is  said  to  be  free  from  organic  matter.  The  lake 
has  a  water-shed  of  1.78  square  miles,  which  contains  a  population 
of  about  14  persons  per  square  mile. 

The  water  obtained  from  this  source,  as-  indicated  by  frequent 
analyses,  has  usually  been  of  good  quality,  but  has  been  subject 
to  occasional  tastes  and  odors  caused  by  the  presence  of  the  or- 
ganism Uroglena. 

Chemical  ExaimincUion  of  Water  from  Lake  Pleasant^  Montague, 

[Pftrta  per  100,000.] 
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Odor,  noD«.    A  diaHnctly  graaey  odor  waa  developed  in  the  laat  aample  on  heating. 


Water  Supply  of  Nahant. 

(See  Swampscott,') 
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KANTirCKET. 

Water  Supply  or  Nantucket. — Wannaoomet  Water  Company. 

The  source  of  supply  is  Wannacomet  Pond,  which  is  situated 
near  the  sea,  the  level  of  the  water  in  the  pond  being  about  4  feet 
above  the  level  of  ordinary  high  tide.  The  pond  has  an  area  of  8 
acres  and  a  general  depth  of  14  feet.  The  shores  are  sandy,  but 
the  bottom  is  said  to  contain  considerable  mud.  The  drainage 
area  of  the  pond  is  small  and  is  uninhabited.  The  pond  has  been 
subject  in  some  years  to  enormous  growths  of  the  organism  Atul" 
boena  in  the  summer  and  early  fall,  which  gives  the  water  a  very 
disagreeable  taste  and  odor ;  and,  in  order  to  remedy  this,  a  filter 
was  constructed  containing  from  12  to  16  inches  of  sand,  through 
which  water  has  been  filtered  at  times  before  being  pumped  to  the 
distributing  stand-pipe.  The  filter  does  not  remove  the  taste  and 
odor  caused  by  the  organism  Anaboena. 


Chemical  Examination  of  Water  from  Wannacomet  Fond,  Nantucket. 

[PftrU  per  100,000.] 
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*  Where  more  than  one  eanple  wm  ooUeoted  In  a  month,  the  mean  analyele  for  thmt  month  hae  been 
need  in  making  tlie  average. 

Odor,  vegetable,  beooming  etronger  and  in  tome  aamplee  alao  onpleaaant,  on  heating. 
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KANTUOKJST. 

Mieroseopioal  Examination  of  Wdter  Jrom  Wannacomet  Pond^  Nantucket. 

[Namber  of  orgaatomt  per  eobie  oenttmeter.] 
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KANT  U  CKIST. 

ChemiccU  ExaimincUian  of  Water  Jrom  the  FiUer  of  the  Wannacfmiet  Water 

Company, 

[Pltrti  per  100,000.] 
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Odor  of  the  flret  Mmplt,  Motly  vegetable;  of  the  leet,  decidedly  dleagroeablo. The  eeiaplet 

were  eoUeeted  from  a  fanoet  in  the  pomping  atatioo ;  the  flret,  after  the  filter  had  been  In  operatloD  two 
daye ;  the  laat,  after  the  filter  had  been  operated  22  day  •• 

Microscopical  Examination. 

An  Intlgnifleaat  nnmber  of  organUme  waa  found  ia  eaeh  of  theee  aamplee. 


Water  Supply  of  Natick. 

The  source  of  supply  is  Dug  Pond,  which  is  tributary  to  Lake 
Cochituate,  one  of  the  sources  of  supply  of  the  Metropolitan  Dis* 
trict.  The  pond  has  an  area  of  44J  acres  and  a  water-shed  of  0.89 
of  a  square  mile,  which  contains  a  considerable  part  of  the  thickly 
built  up  portion  of  the  town  of  Natick,  the  population  on  the  water- 
shed being  1,500  per  square  mile. 

The  advice  of  the  State  Board  of  Health  to  the  water  commission- 
ers of  Natick,  relative  to  a  proposed  water  supply  for  that  town  to 
be  taken  from  the  ground  in  the  vicinity  of  Lake  Cochituate,  may 
be  found  on  pages  39  to  41  of  this  volume. 

In  a  previous  communication  to  the  water  commissioners  of  Natick, 
relative  to  securing  a  supply  of  water  from  this  source  (i>ages  32 
and  33  of  the  annual  report  for  1897) ,  the  water  commissioners  were 
advised  to  make  a  test  by  pumping  from  wells  in  this  vicinity,  at  a 
rate  as  great  as  would  be  necessary  for  the  supply  of  Natick,  and  for 
a  period  of  two  or  three  weeks.  In  accordance  with  this  advice, 
numerous  test  wells  were  driven  and  samples  of  water  from  each  of 
them  were  analyzed.  On  January  19  a  pumping  test  was  begun  by 
pumping  with  a  steam  pump  from  five  of  the  wells,  numbered  1,  8, 
3,  4  and  9.  Several  samples  of  water  were  collected  in  the  course 
of  this  test,  the  results  of  which  may  be  found  in  the  last  of  the  fol- 
lowing tables.     The  test  was  continued  until  January  31. 
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NATICK.. 


Chemical  Examination  of  Water  from  Dug  Pond,  Natiek. 

[Pftru  per  100.000.] 
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V.oUght. 

V.oUght. 

.10 

6.86 

2.06  I 

.0016 

.0188 

.0174 

.0014 

.67 

.0080 

.0000 

.22 

2.6 

Ang.81 

BUght. 

V.oUght. 

.11 

6.00 

1.66  1 

.0000 

.0186 

.0174 

.0012 

.62 

.OOW 

.0000 

.31 

1.8 

84888 

Oet.    8 

V.ottgfat. 

V.oUght. 

.12 

4.80 

1.46  , 

.0002 

.0180 

.0168 

.0012 

.68 

.0000 

.0000 

.26 

2.0 

8Sa8 

Oct.  81 

V.oHght. 

NODO. 

.12 

6.16 

1.46  ' 

.0006 

.0160 

.0144 

.0006 

.68 

.0010 

.0000 

.27 

2.1 

25884 

Doe.    1 

1 

V.oUght. 

V.oUght. 

.20 

6.00 

1.60 

.0062 

.0146 

.0184 

.0012 

.66 

.0120 

.0002 

.26 

2.1 

Averages  by  Years. 


m, 

1888 

• 

« 

.18 

6.24 

1.00 

.0070 

.0228 

• 

« 

.66 

.0107 

.0008' 

1 

- 

- 

m 

1880 

- 

- 

.16 

6.66 

1.20 

.0048 

.0242 

.0107 

.0046 

.71 

.0292 

.0004 

- 

- 

- 

1888 

- 

- 

.14 

6.86 

1.36 

.0027 

.0190 

.0186 

.0083 

.72 

.0227 

.0002 

- 

2.7 

- 

1801 

- 

- 

.00 

6.71 

1.46 

.0086 

.0207 

.0167 

.0040 

.89 

.0826 

.00081 

- 

2.4 

- 

1888 

- 

- 

.06 

6.88 

1.24 

.0068 

.0178 

.0186 

.0088 

.72 

.0828 

.0001 

- 

2.4 

- 

1888 

- 

- 

.08 

6.28 

1.80 

.0002 

.0192 

.0168 

.0084 

.71 

.0198 

.0008 

.28 

2.1 

• 

18M 

- 

- 

.10 

6.64 

1.66 

.0060 

.0186 

.0182 

.0028 

.80 

.0218 

.0001 

.21 

2.8 

- 

1808 

- 

- 

.18 

6.27 

1.86 

.0044 

.0191 

.0164 

.0027 

.87 

.0812 

.0001 

.24 

2.8 

- 

1888 

- 

- 

.16 

6.10 

1.77 

.0046 

.0176 

.0147 

.0029 

.86 

.0290 

.0002 

.26 

2.a 

^ 

1807 

- 

- 

.12 

6.41 

1.47 

.0068 

.0102 

.0166 

.0026 

.84 

.0180 

.0002 

.26 

2.4 

• 

1888 

- 

- 

.16 

1 

6.21 

1.67 

.0089 

.0168 

.0162 

.0016 

.70 

.0127 

.0002 

.26 

1 

2.1 

VoTB  to  Miftlyooo  of  1898:  Odor  from  Angoot  to  NoTembor,  nono;  ot  other  timeo,  faintly  TogeUble 
aad  oeeaakmally  maatj,  beoomlng  otroogor  on  hooting.  ^—  No.  88024  woo  eoUeeted  from  the  pond ;  the 
oihero,  from  a  fancet  In  the  pamping  oiaUon. 
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JfATICK. 


Microscopical  ExaminaHon  of  Water  Jrom  Dug  Pond^  Naiick, 

[Nnnber  of  orgAOlaina  p«r  cubic  ceotimdcr.] 


V^j  of  ezaminatlon,  • 
Komber  of  sample,    . 


19M. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


JbB6. 


Jolj 


4 
.  21728 


2202422881 


22700  280M 


1 

28827 


1 
28772 


Aag. 


Aog. 


81 


2418824488.248062801 


OcC 


Hot. 


Dec 


2 

28624 


PLANTS. 

Dlatomaoeie, 


Aaterlooella, 
Oyolotclla,    , 
Maloaira, 
Merldioo, 
Tabellarta, 


Cyanophycen,  . 


Algm, 


ANIMALS. 
Inftisoria, 


DinobryoD, 


Vermes, 


Crustaoea, 

Cyclopa, 
Dapbola, 


JtUc€lt€mtoti9,  Zo^loa,   . 


1i881 

81 

88 

788 

818 

114 

18 

28 

18 

48 

18 

218 

10 

0 

0 

1.288 

2 
6 

10 
1 

81 

4 

4 
0 
2 
8 

428 
84 

248 
0 
0 

tS4 

120 

0 

02 

116 

4 

86 

18 

0 

60 

0 
12 
0 
0 
8 

0 
0 
6 
0 
0 

0 
0 
6 
0 
0 

0 
0 
41 
0 
2 

0 
0 
17 
0 
0 

0 

D 

8 

D 

8 

8 

t 

0 

1 

0 

8 

8 

1 

D 

t 

88 

H 

2 

18 

1 

8 

18 

41 

0 

8 

8 

8 

41 

88 

1 

8 

20 

0 

80 

0 

0 

2 

0 

88 

81 

0 

6 

20 

0 

1 

1 

1 

0 

4 

8 

0 

0 

8 

0 

8 

0 

0 

pr. 

8 

pr. 

8 

pr. 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

pr. 

0 

pr. 

0 

0 

0 

0 

0 

0 

10 


18 


188 

6 

2 
88 

0 

4 


u 


8 

0 


0 
0 


Total, 


1,808 


oe 


84 


781 


887 


170 


84 


42 


28 


80 
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NATICK. 

Chemical  Examintaion  of  Water  from  Various  Tubular  Teat  Welle  in  the  Vicinity 

of  Lake  Coehituate  in  Natick. 

[ParU  p«r  100,000.] 


• 

1 

Aptsaeavcb. 

• 

1 

II 

1 

AXKOnA. 

i 

1 

s 

NXTBOOSW 
AS 

i 

i 

n 

i 
1 

• 

«i 

i 

1 

• 

S 

• 

2in4 

1S9S. 

SUgbft. 

None. 

.07 

6.80 

.0088 

.0028 

.28 

.0010 

.0000 

.01 

2.6 

.0170 

tt048 

Fob. 

BUfbt. 

Oono. 

.06 

6.20 

.0002 

.0016 

.27 

.0100 

.0002 

.04 

8.8 

.0020 

nnft 

Jan. 

I>oddod. 

OMio. 

.08 

8.60 

.0006 

.0006 

.26 

.0070 

.0000 

.00 

4.8 

.0280 

S178T 

Joa. 

SUgbt. 

Oono. 

.02 

6.60 

.0002 

.0006 

.96 

.0040 

.0000 

.00 

8.6 

.0020 

SITM 

Jan. 

10 

SUgbt. 

Oono. 

.04 

7.60 

.0004 

.0008 

.28 

.0100 

.0000 

.00 

4.2 

.0080 

2tlMA 

Fob. 

V.ollgbt. 

Bligbt. 

.00 

8.70 

.0004 

.0006 

.62 

.0660 

.0000 

.01 

6.8 

.0090 

ttooe 

Fob. 

V.ottgbt. 

Oono. 

.01 

6.40 

.0002 

.0010 

.27 

.0060 

.0000 

.01 

4.0 

.0090 

21788 

Jon. 

V.oUgbt. 

Bligbt. 

.01 

6.70 

.0006 

.0010 

.80 

.0040 

.0000 

.00 

8.0 

.0020 

28087 

Fob. 

Nooo. 

Bligbt. 

.02 

6.80 

.0002 

.0010 

.26 

.0080 

.0000 

.00 

2.9 

.0010 

21807 

Job. 

10 

V.ollgbt. 

V.ollgbt. 

.02 

7.70 

.0002 

.0010 

.28 

.0190 

.0000 

.00 

4.2 

.0100 

S1887 

Jon. 

U 

Kono. 

Noao. 

.01 

8.60 

.0004 

.0014 

.43 

.0860 

.0000 

.00 

4.0 

.0040 

21806 

Jon. 

10 

V.ollgbt. 

Nono. 

.01 

0.80 

.0008 

.0006 

.68 

.1100 

.0000 

.00 

4.9 

.0100 

21800 

Jon. 

10 

Doddod. 

V.oUgbt. 

.04 

6.00 

.0084 

.0090 

.28 

.0060 

.0000 

.06 

2.6 

.0280 

2UM 

Jon. 

18 

V.ollgbt. 

BUgbt. 

.01 

6.00 

.0004 

.0018 

.70 

.1680 

.0000 

.00 

4.2 

.0020 

29088 

Feb. 

4 

Doelded. 

HooTy. 

.05 

8.00 

.0002 

.0016 

.84 

.0180    .0000 

.02 

4.6 

.0010 

Odor  of  Noo.  22067  and  29068,  faintly  oartby ;  of  tbo  otboro,  none.  ^»  Tbo  oamploo  wore  eoUoetod 
from  tnbnlar  toot  woUo  located  near  Lake  Ooebitnate,  In  tbe  area  bounded  by  tbe  Woroeoter  turnpike, 
tbo  BasonTiUe  branch  of  the  Booton  &  Albany  Railroad  and  tbe  oouthom  division  of  the  lake.  Noo. 
21774  and  22048  were  collected  from  teot  well  No.  1,  loeoted  860  feet  from  tbe  loke  ond  70  feet  from  the 
tnnpike.  Noo.  21776, 21787, 21700  and  28066,  from  teat  well  No.  2,  located  226  feet  from  the  lake  and 
190  foot  from  tbo  tampike;  No.  99066,  from  teot  well  No.  8,  located  260  feet  from  the  lake  and  176  feet 
from  the  turnpike;  Noo.  21788  and  22067,  from  teot  well  No.  4,  located  270  feet  from  tbe  loke  and  70  feet 
from  the  turnpike;  No.  21807,  from  teot  well  No.  6,  loeoted  86  feet  from  tbe  lake  and  6  feet  from  the 
tnrapike;  No.  21867,  from  toot  well  No.  6,  loeoted  20  feet  from  the  lake  and  400  feet  from  the  tunpike; 
No.  21806,  from  teot  well  No.  7,  loeoted  26  feet  from  tbe  lake,  400  feet  from  the  turnpike  and  276  feet 
from  the  railiond;  No.  2180O,  from  teot  well  No.  9,  loeoted  800  feet  from  the  loke  ond  120  feet  from  tbe 
turnpike;  No.  21866^  from  teot  well  No.  10,  located  90  feet  from  the  lake  and  80  feet  from  the  railroad; 
No.  29068,  from  teot  well  No.  11,  located  176  feet  north  of  tbe  railroad  and  about  90  feet  from  an  arm 
of  the  lako.  Thlo  well  Is  400  feet  fh>m  the  woUo  from  which  water  wao  drawn  during  the  pumping 
toot,  ond  wao  driven  in  order  that  tbe  height  of  the  ground  water  in  thlo  Tidnity  might  be  oboenred 
while  walor  wao  being  drawn  from  tbe  teot  wello.  The  oompleo  ooUected  in  Jonoary  wero  collected 
botoro  the  pamplBg  teot  woo  begun;  thooe  eoUected  in  Febroory  wero  taken  a  few  days  after  the  dose 
of  tbe  pumping  toot. 
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NATICK. 

Chemical  Examination  of  Water  from  Tubular  Test  Wells  in  the  Vicinity  of  Lake 
Cochituate  in  Natick,  collected  during  a  Pumping  TesL 

[Part*  per  100»000.] 


Date  of 

Collection. 

Appsaramcb. 

4 

saa 

AmfOMIA. 

• 

'     MlTBOQSir 

Aa 

1^ 

M 

o 

i 

c 

1 

u 

s 

■ 

I 

• 

1 

■ 

1 

ii 

^ 

1 

as 

1 

S 

1 

IMS. 

! 

1 
1 

21918 

Jan.  19 

Decided. 

Cona. 

.00 

6.80 

.0018 

.0008 

.32 

.0040 

.0001 

.00 

8.1 

.0280 

21920 

Jan.  21 

Slight. 

Cona. 

.06 

6.80 

.0024 

.0014 

.28 

.0060 

.0000 

.01 

8.3 

.0160 

21940 

Jan.  22 

V.  alight. 

None. 

.08 

6.00 

.0006 

.0014 

.28 

.0070 

.0000 

.02 

8.3 

.0000 

21960 

Jan.  28 

y.allght. 

None. 

.OS 

6.00 

.0002 

.0012 

.29 

.0090 

.0000 

.02 

S.5 

.0070 

21970 

Jan.  24 

V.  alight. 

None. 

.08 

6.00 

.0008 

.0010 

.29 

.0140 

.0000 

.01 

8.1 

.0060 

219S7 

Jan.  26 

y.alight. 

None. 

.08 

6.80 

.0002 

.0024  ; 

.80 

.0100 

.0001 

.01 

3.8 

.0000 

22009 

Jan.  26 

None. 

None. 

.01 

6.80 

.0004 

.0010 

.82 

.0100 

.0000 

.02 

8.8   .0080 

29016 

Jan.  28 

None. 

None. 

.02 

6.20 

.0006 

.0028 

.82 

.0170 

.0001 

.02 

S.8 

.0010 

22010 

Jan.  29 

None. 

None. 

.02 

6.40 

.0002 

.0008 

.88 

.0170 

.0000 

.01 

8.8 

.0000 

22020 

Jan.  80 

None. 

None. 

.02, 

6.60 

.0000 

.0014 

.88 

.0170 

.0000 

.02 

3.6 

.0010 

22021 

Jan.  80 

None. 

None. 

.02 

6.90 

.0002 

.0012 

.34 

.0100 

.0000 

.01 

S.S 

.0010 

22028 

Jan.  81 

None. 

None. 

.00 

6.60 

.0006 

.0012 

.88 

.0170 

.0000 

.01 

8.8 

.OOM 

Odor  of  No.  21918,  faintly  earthy ;  of  the  othera,  none. — The  aample*  were  ooUeeted  from  the  plp» 
discharging  water  from  a  eteam  pomp  while  pumping  from  Ato  tnbnlar  wella  numbered  1, 2, 8, 4  and  9. 
The  loeatlon  of  the  wella  ia  given  in  the  note  at  the  foot  of  the  preceding  Uble. 


Water  Supply  of  Needham. 

The  source  of  supply  is  a  well  22  feet  in  diameter  and  24  feet  deep, 
located  in  the  valley  of  Colburn's  Brook,  about  2,000  feet  from 
Charles  River. 

The  advice  of  the  State  Board  of  Health  to  the  Needham  water 
board,  relative  to  obtaining  an  additional  water  supply  from  the 
ground  in  the  vicinity  of  the  present  source  of  supply,  may  be  found 
on  pages  41  to  43  of  this  volume.  The  results  of  chemical  analyses 
of  samples  of  water  collected  during  the  investigations  are  given  in 
the  tables  which  follow  :  — 
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irSEDHAM. 

Chemical  ExaminaHan  of  Water  from  the  Needham  Water  Works. 

[Paita  per  100,000.] 


• 

1 

AFPSABAMOie. 

it 

AmcoiiXA. 

<1 

e 

1 

MXTB0«S« 
AS 

1 

• 

s 

1 

as 

& 

s 

^ 

■ 

1 

Albn- 
mlnoid. 

■ 

1 

• 

• 

2S0T4 

Fab.    7 

V.allght. 

None. 

.02 

6.70 

.0004 

.0008 

.90 

.1860 

.0000 

.02 

2.6 

.0080 

2ST47 

Apr.   6 

None. 

None. 

.02 

6.00 

.0006 

.0020 

.06 

.2700 

.0000 

.02 

2.8 

.0010 

28840 

Jane  1 

None. 

None. 

.00 

7.70 

.0000 

.0020 

.06 

.2600 

.0000 

.04 

2.6 

.0020 

24142 

Aoff.  8 

None. 

None. 

.00 

7.10 

.0006 

.0018 

.81 

.1700 

.0000 

.01 

2.1 

.0000 

24818 

Oct.    6 

None. 

None. 

.00 

6.70 

.0000 

.0006 

.70 

.1700 

.0000 

.06 

2.2 

.0020 

25690 

Dee.    7 

None. 

None. 

.00 
.01 

7.40 

.0000 

.0002 

.86 

.2750 

.0000 

.01 

2.3 

.0010 

Ay... 

7.06 

.0008 

.0012 

.88 

.2200 

.0000 

.02 

2.8 

.0016 

Odor,  none.  ■ 
from  the  well. 


The  flnt  aample  wiu  colleeted  from  a  faneet  at  a  drinking  fountain,  and  the  others, 


Chemical  ExaminaHan  of  Water  from  Tubular  Test  Wells  in  Needham, 

[E*arU  per  100,000.] 


• 

I 

1 

1 

ArPBASAVCll. 

Residue  on 

Evaporation. 

Amkohia. 

• 

1 

NinooBM   i 

AS             1 

Oxygen 

Conanmed. 

• 

i 

a 

■2 

<• 

m 

i 

a 

• 

a 

i 

1 

• 

1 

9 

< 

1 

• 

• 

24806 
26488 
26682 

IMS.     ; 

Sept.  27! 
Not.  26 
I>ec.  16 . 

Decided, 

mUky. 

V.aUghk 

None. 

Blight, 

clayey. 
V.alfght, 

clayey. 
Nooe. 

.06 
.06 
.01 

1 
10.00 
18.80 
10.20 

.0002 
.0000 
.0000 

.0014 
.0014 
.0006 

0.88 
1.86 
1.20 

0.1200 
0.0400 
0.5350 

.0000 
.0000 
.0000 

.01 
.01 
.02 

3.1 
4.4 

8.8 

.0060 
.0060 
.0040 

26668 

Dee.  16 

None. 

None. 

.00 

7.10 

.0000 

.0006 

0.88 

0.2060 

.0000 

.02 

2.7 

.0010 

26768 

Dec.  22' 

Nooe. 

None. 

.00 

7.50 

.0000 

.0008 

0.88 

0.2785 

.0000 

.02 

2.6 

.0010 

29661 
25696 

Dec.  16; 
Dec.  16 

V.  alight, 
clayey. 
None. 

Slight, 

clayey. 
None. 

.02 
.00 

16.70 
18.40 

.0004 
.0000 

.0010 
.0006 

1.38 
1.88 

1.0800 
1.0000 

.0001 
.0000 

.03 
.02 

4.4 

4.7 

.0180 
.0010 

26T60 

Dee.  12 

None. 

None. 

.00 

12.00 

.0000 

.0006 

1.85 

0.8050 

.0000 

.02 

4.2 

.0010 

26666 

Dec.  16' 

1 

Nooe. 

None. 

.00 

10.00 

.0000 

.0006 

1.14 

0.6160 

.0000 

.08 

8.6 

.0010 

26700 

Dee.  22 

None. 

None. 

.00 

12.20 

.0000 

.0008 

1.27 

0.7850 

.0000 

.02 

8.8 

.0020 

26667 

Dec.  16 

None. 

None. 

.00 

8.00 

.0000 

.0006 

1.07 

0.4050 

.0000 

.02 

2.0 

.0020 

26761 

Dee.  22 

None. 

None. 

.00 

8.10 

.0000 

.0010 

1.10 

O.320O 

.0000 

.02 

8.0 

.0010 

Odor,  none. The  aamplea  were  collected  from  tahnlar  test  wells  in  the  valley  of  Bird's  HIU 

Brook,  Deer  the  welle  of  the  Needham  water  works.  Sample  No.  24806  waa  eollected  from  test  well 
No.  6,  locate  abom  480  feet  south  west  of  the  present  well,  at  the  place  at  which  It  waa  propoeed  to 
eoostmet  •  new  well  in  1806.  The  remaining  samples  were  oolleoted  from  test  wells  located  easterly 
and  south  easterly  from  the  preeent  well  Nos.  26488  and  26662  were  collected  from  well  No.  20;  Noa. 
29668  and  26766.  from  well  No.  21 ;  Nos.  25664,  26656  and  25759,  from  well  No.  28;  Nos.  25666  and  25760, 
from  weU  No.  26;  Noa.  26667  and  26761,  from  well  No.  28. 
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Chemical  ExamitMiion  of  Water  from  BinPa  EiU  Brooke  Needkam. 

[Paru  p«r  100,000.] 


S4806 


5 


Bapt.37 


ArPBAXANOB. 


I 


V.sllfhI. 


CODt. 


.16 


Rmidub  oh 

EVAPOKA* 
TIOV. 


J 


6.06 


2.60 


Ajoiovia. 


i 


Albamlnold. 


.0022 


.0114 


1 
2 


I 
1^ 


.0072 


.0042 


s 

6 


.T4 


NiTKMBa 

A« 


I 

to 


.0010  .0006 


1 


.18 


1.6 


Odor,  DOii«.    A  faintly  Tegetablo  odor  wm  deroloped  on  boating.  -— >  Tho  aample  wm  ooU«cted  from 
the  brook,  near  the  well  of  tbe  Needbam  water  worka. 


Water  Supply  of  New  Bedford. 

The  sources  of  supply  are  a  storage  reservoir  on  Acushnet  Eiver 
'in  Acushnet  and  Little  Quittacas  Pond  in  Lakeville.  The  reser- 
voir has  an  area  of  300  acres  and  an  available  storage  capacity  of 
400,000,000  gallons.  The  bottom  of  the  reservoir  is  muddy,  and 
over  much  of  the  area  the  water  is  shallow.  The  water-shed  of  7.3 
square  miles  contains  a  population  of  45  per  square  mile. 

Little  Quittacas  Pond  was  connected  with  the  Acushnet  Keservoir 
in  1886.  This  pond  has  an  area  of  318  acres  and  a  water-shed  of 
1.89  square  miles,  which  contains  a  population  of  34  per  square 
mile. 

The  water  of  the  Acushnet  Reservoir  is  highly  colored  and  con- 
tains a  large  amount  of  organic  matter,  much  of  which  is  in  the  form 
of  microscopical  organisms  which  give  the  water  disagreeable  tastes 
and  odors. 

Works  are  now  nearly  completed  for  taking  water  for  the  supply 
of  the  city  from  Great  Quittacas  Pond  in  Lakeville.  The  results  of 
analyses  of  samples  of  water  from  this  source,  as  well  as  from  the 
present  sources  of  supply,  are  given  in  the  following  tables :  — 
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NBW  BEDFORD. 

Chemical  Examination  of  Water  from  the  Conduit  of  the  New  Bedford  Water 

Works. 

[Putt  p«r  100,000.] 


e 


ssaer 


2S3T0 
38618 


24884 
M705 


i 

I 

& 

(3 


3M41 
SMOG 


18M. 

Ju.  24 

F«b.  28 
lUr.  28 
Apr.  26 
Umj  28 
JiiBtt20 
July  25 
Aug.  22 
8«pt.26 
Oct.  24 
Not.  21 
Dee.  28 


At. 


ArPBAXAVCS. 


't 


V.ellglit. 

V.tUght. 

V.alight. 

V.tUglit. 

BUght. 

V.eUgfat. 

BUght. 

V.aligbt. 

V.aUght. 

None. 

V.elight. 

V.ellght. 


i 
1 


Blight. 

Blight. 

V.eUght. 

BUght. 

Com. 

Cone. 

BUght. 

V.eUght. 

V.tUght. 

V.elight. 

V.eUght. 

V.tUght. 


I 


1.40 
1.10 
1.00 
0.80 
1.80{ 

1.20< 

I 
0.08 

1.46 

1.00 

0.08 

1.80 

1.08 


1.15 


BeeiDUs  OM 
Btaposa- 

TIOH. 

1 

• 

5.80 

2.70 

4.50 

2.25 

8.75 

2.10 

8.50 

1.70 

4.80 

2.00 

4.55 

2.50 

4.80 

2.40 

5.75 

8.85 

4.90 

2.50 

4.10 

2.10 

6.75 

8.40 

5.10 

2.45 

4.78 

2.45 

AjocomA. 


I 


Albnmtnold. 


I 


mm 


.0018 
.0010 
.0026 
.0018 
.0028 
.0018 
.0020 
.0024 
.0014 
.0004 
.0052 
.0014 


.0020 


.0248 
.0172 
.0100 
.0168 
.0284 
.0200 
.0844 
.0600 
.0274 
.0176 
.0004 
.0182 


.0282 


.0842.0006 
.0168  .0004 
.0174  .0016 
.0154' .0014 
.0108.0026 
.0258.0082 


.0280 


.0014 


.0876.0024 
.0254' .0020 

.oieo'.ooi6 


.0252 
.0172 


.0212 


.0052 
.0010 


.0080 


i 

6 


.68 
.57 
.54 
.55 
.47 
.58 
.48 
.45 
.40 
.60 
.54 


.54 


Ninoesx 


I 


.0070 
.0070 
.0070 
.0060 
.0040 
.0070 
.0010 
.0040 
.0000 
.0050 

• 

.0140 
.0040 


.0000 

.0000 
.0000 
.0001 
.0001 
.0000 
.0002 
.0000 
.0000 
.0000 
.0000 
.0000 


.0060.0000 


I 

D 

8 

& 

e 

I 

o 


1.07 
0.88 
^.88 
0.75 
1.00 
1.22 
0.80 
1.42 
1.08 
0.05 
1.65 
1.15 


1.07 


1.6> 
l.a 
0.6- 
0.» 
1.0- 
1.0> 
0.6> 
l.<^ 
0.6. 
0.8. 
1.1 
1.1 

0.» 


Odor,  geoeraUy  Tegeteble,  eomettmee  none,  beeomiiig  etronger  end  ■ometlmee  mosty  on  heating. 
—The  eemplee  were  collected  from  the  eondnlt,  et  its  entrenee  to  the  reeelTing  recerToir,  and  repre- 
eeot  water  from  the  atorage  reMrroir. 

Chemical  Examination  of  Water  from  Little  Quittaeaa  Pond,  LakeviUe. 

[Parts  per  100,000.] 


8 

B 

as 


& 

S 


28614 
24707 


At. 


Mar.  24 

Jane  20 
Sept.  26 
Dms.28 


AmAXAMca. 


Ji 

6 


BUght. 
V.sUght. 
V.eUght. 
BUght. 


BUght. 
BUght. 
V.eUght 
BUght. 


.20 
.21 
.17 
.26 


.21 


RseiDCx  uM 

£TAPOtA- 
TICK. 


I 


mm 

SI 


I 


8.05 
8.00 
8.45 
8.75 


8.81 


1.25 
1.25 
1.55 
1.25 


1.82 


Ajocovia. 


I 


Albuminoid. 


I 


a 

00 


.0000 

.0004 


.0000 


.0170 
.0180 
.0168 
.0182 


.0002  .0175 


.0146 
.0142 
.0160 
.0164 


.0150 


.0024 
.0068 

.0018 
.0018 


.0025 


e 


.62 
.54 

.56 
.60 


.55 


Kinoom 

A* 


2 

s 


.0000 

.0010 
.0010 
.0010 


.0007 


.0000 
.0000 
.0000 
.0001 


.0000 


I 


.84 
.86 
.84 
.86 


1 


.85 


0.8^ 
l.a 
0.8. 
1.7 


1.) 


Odor  of  the  eeeond  tample,  dletlneUy  Tegetable,  beeoming  aleo  musty  on  heating;  of  the  others,. 
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NEW  BEDFORD. 

Chemical  Examinaium  of  Water  from  Qrtai  Quiitacaa  Pond,  Lakevitte. 

[Parts  per  100,000.] 


I 

B 


a 
Si 

I 

I 

e 

I 


«086 
48615 
84706 


Av. 


19»S. 
Mar.  34 

Jane  90 

Sept.M 

Dee.  88 


Appbakavob. 


I 

I 


I 


V.allfht. 
BToDe. 
V.aligbt. 
V.allffht. 


Bllffllt. 
V.allght. 
▼.•Ught. 
V.Bllfbi. 


.TO 
.68 

.8P 
.71 


.06 


RCSIDUB  OV 

EVAPOBA> 

TIOV. 


I 


I 


a 

m* 
'<l 


8.60 
8.66 
4.00 
4.10 


3.81 


1.60 
8.00 
3.06 
8.86 


3.00 


AmcoirxA. 


I 


AlbomlDoId. 


I 


.0008 

.0010 

0006 

.0000 


0006 


.0800 
.0104 
.0800 
.0104 


.0107 


I 


t 


.0176 
.0180 
.0188 
.0176 


.0084 
.0014 
.0018 
.0018 


.0180  .0017 

I 


S 


.67 
.64 
.68 
.60 


.67 


Knaoocv 


i 
I 

as 


as 


.0000 

.0010 
.0010 
.0000 


.0006 


.0000 
.0000 

.0000 
.0000 


.0000 


1 

s 


I 

s 


.n 

.76 
.70 
.91 


.n 


0.8 
1.0 
0.8 

1.1 

0.9 


Odor  of  the  flnt  two  tamplee,  dlttlnetly  vegeuble;  of  the  laat  two,  oone. 


Chemical  Examination  of  Water  from  Long  Pond,  LakevUle, 

[Parte  per  100,000.] 


a 

a 
ir. 


88636 
88616 
84764 
86801 

AV...! 


e 
o 


a 

« 
i 


Mar.  84 

Jane  80 
Sept.  36 
Deo.  88 


Afpbabamcb. 


a 


i 

1 


6 


v.allght. 
V.allght. 
V.allght. 
Slight. 


V.allght. 
V.  slight. 
V.allght. 
V.allght. 


I 


1.80 
0.08 
0.00 
1.18 


RBSIDCS  OB 

EVAPOBA- 

TIOM. 


1.06 


I 


8.66 
8.80 
4.66 
4.86 


4.81 


8.06 
8.86 
8.70 
3.76 


3.46 


Amxoxia. 


.0008 
.0006 


Albomlnold. 


.0180 
.0814 


I 
1 


1 


s 

OD 


.0178 
.0800 


.0010  .0886 
.0000.0860 


.0004 


.0817 


.0884 


.0804 


.0008 

.0014 
.0004 

.0086 


.0018 


i 

1 

6 


.48 

.40 
.46 
.64 


.40 


NkTBOOBV 


s 


.0000 

.0080 
.0080 
.0010 


m 

I 


I 
S 


< 
{ 


.0000 rO.OT:  0. 
.0000^  1.06'  0. 


.0013 


.OOOOjl.06 


1.44 


.00001 


.0000 


1.18 


0.8 
0.8 

0.6 


Odor  of  the  first  two  samplea,  dlstlaetly  Tegetable;  of  the  third,  none,  beeoffltog  (aJutly  moaty  on 
heating;  of  the  last,  none. 


Water  Supply  of  Newburyport. 

The  sources  of  supply  are  wells  and  springs  near  the  south  bank 
of  the  Merrimack  Biver,  about  2.5  miles  above  the  central  portion 
of  the  city. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


289 


NBWBTJBTPORT, 

ChemictU  ExamituUion  of  Water  from  the  Newburyport  Water  Works, 

fPartfl  per  100,000.] 


I 


a 
% 

SH 

8 
as 


ATonge  of  eleven  aamplee,  eolleeted 
monthly,  wUh  the  exception  of  Jnly, 


.16 


6.84 


Ammovxa. 


t 


0 

a 


.0014 


.0068 


.60 


NlTSOOBX 
▲8 


& 


K 


.0192 


.0000 


1 

0 
a 

6 


o 


1 

n 


c3 


.13     S.8 


.0174 


Odor  In  Jennary,  faintly  eurtby ;  in  Angnet,  faintly  nnpleaeant,  becoming  itronger  on  beating;  at 
other  timee,  none. 

Chemical  ExanUnation  of  Water  from  Jachman  Springs^  Newburyport. 

[Parte  per  100,000.] 


• 

1 

1 

ArPHAK4HCB. 

s| 

II 

1 

AmCOBlA. 

■ 

6 

.42 

NiTBOOm 
AS 

■ 

=1 

1 

n 

^e 

• 

«i 

1 

1 

Albu- 
minoid. 

1 

• 

1 

1 

2W36 

July  19 

y.eHgbt. 

Blight. 

.08 

6.40 

.0006 

.0088 

.OOTO 

.0000 

.OT 

.1.7 

.ooso 

Odor,  DODO,  beoomlng  faintly  TCgetable  on  heating. 

Water  Supply  of  Newton. 

The  source  of  supply  is  a  covered  filter-gallery  or  conduit,  con- 
structed of  wood  and  vitrified  clay  pipe,  with  which  many  tubular 
wells  are  connected,  extending  along  the  valley  of  Charles  Eiver 
above  Newton  Upper  Falls.  Water  from  the  filter-gallery  is 
pumped  to  a  covered  masonry  reservoir.  For  analyses  of  sam- 
ples of  water  from  the  Charles  River  opposite  the  filter-gallery, 
see  Charles  River  in  the  chapter  on  <<  Examination  of  Rivers,"  in 
a  subsequent  portion  of  this  report. 

Chemical  Examination  of  Water  from  a  Faucet  at  the  Newton  Water  Works  Pump^ 

ing  Station. 

[ParU  per  100,000.] 


A  wage  of  twalTe  eamplee  collected  monthly 
diirlogl806. 


6 


.04 


a 


6.18 


Ammonia. 


s 


.0002 


.0024 


o 

2 


.47 


KiTBOOBH 


I 


.0064 


.0000 


a 

0 

m 


I 

a 


.07 


2.8 


.0082 


Odor,  BOiM. 
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kobth  adams. 

Water  Supply  of  North  Adams. 

The  sources  of  supply  are  Notch  Brook  in  North  Adams,  on 
which  a  storage  reservoir  has  been  built,  and  Broad  Brook  in 
Pownal,  Vt.  The  Notch  Brook  storage  reservoir  has  an  area  of 
12^  acres  and  a  capacity  of  90,000,000  gallons.  When  the  reser- 
voir was  constmcted,  all  of  the  soil  and  organic  matter  was  removed 
from  the  bottom.  The  water-shed  of  the  reservoir  has  an  area  of 
2.43  square  miles,  and  is  uninhabited.  A  large  portion  of  the 
water-shed  is  owned  by  the  city. 

Broad  Brook  at  the  point  of  diversion  has  a  water-shed  of  6.02 
square  miles  and  contains  a  population  of  5  per  square  mile. 

Chemical  Examinaitan  of  Water  from  Notch  Brook  Storage  Beservoir^  North 

Adams, 

[Pftrta  per  100,000.} 


>i 


s 


21760 
0012 


440M 

S4871 
2SS00 


At.*. 


ISM. 

JftD.     4 

Jan.  27 
Fell.  17 
June  1 
JolyM 
Sept.  88 
Not.  SO 


Appsabavos. 


k 

S 
€ 

e 


i 


Slight. 

Sllffht. 

Sttgfat. 

None. 

None. 

V.ellglit. 

V.eliffat. 


V.  slight. 

Blight. 

None. 

V.iUght. 

V.eUghi. 

V.  slight. 

V.ettght. 


i 

6 


.06 
.11 
.06 
.06 
.06 
.06 
.OS 


.07 


RBainnx  oh 
Etafosa- 

TICK. 


a 


§ 

©6 


J 


7.00 
6.S6 
6.40 
6.M 
U.46 
8.16 
6.46 


7.66 


1.06 

].ao 

1 
1.00  ! 

t 
1.16  < 

I 
1.76 

1.46 

1.40 


1.82 


Ammovia. 


I 

In 


.0010 
.0060 
.0004 
.0010 
.0009 
.0014 
.0000 


.0011 


Albuminoid. 


? 

1 


OD 


.0046 
.0104 
.0070 
.0062 
.0082 
.0068 
.0046 


.0042 
.0068 
.0064 

.0046 
.0080 
.0068 
.0040 


.0060.0048 


.0004 
.0046 
.0006 
.0016 
.0002 
.0080 
.0006 


.0012 


4 

a 

i 


.10 
.10 
.00 
.07 
.04 

» 

.06 


.07 


NiTnoonr 


i 

S 

s 


m 


.0060 
.0060 
.0040 
.0010 
.0080 
.0006 
.0060 


.0081 


.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 


.0000 


1 


6 

6 

a 

I 


i 

1 


.18 
.40 
.10 
.18 
.06 
.14 
.11 


6.7 
4.f 
6.8 

6.0 
8.7 

6.4 
6.0 


.18  '  6.9 


*  Where  more  then  one  eample  wee  ooUeeted  In  •  month,  the  meen  annlyile  for  that  month  has 
been  nied  In  making  the  average. 


Odor,  none.    A  faintly  Tegetable  odor  waa  developed  In  two  of  the  nmplea  on  heating. 
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Cftemtcal  ExcanincUion  of  Water  from  Broad  Brook  in  Poional,  Vt. 

[Pftrta  per  100,000.] 


a 

s 


e 
I 

s 

s 


21706 
SSOll 


9«006 
S4870 
S5601 


At. 


1S»0. 

Jan.  4 
Jan.  20 
Feb.  IT 
Mmj  80 
July  87 
Bept.S7 
Not.  SO 


Apfbabahcb. 


1 


§ 
1 


V.  Blight. 

None. 

None. 

V.ellght. 

V.  slight. 

V.elight. 


V.ellght. 

V.elight. 

Nooe. 

V.elight. 

V.elight. 

Slight. 

V.elight. 


o 


.08 
.04 
.12 
.06 
.07 
.11 
.07 


.08 


Bksidub  om 

EVAPOMA- 

TIOH. 

• 

c 

o 

5 

• 

§1 

J 

m*^ 

^ 

•2 

6.20 

1.06 

4.00 

0.06 

8.76 

1.80 

6.76 

1.86 

8.76 

1.76 

6.80 

1.86 

6.26 

1.00 

8.97 

1.29 

AMMOKUl. 


Albamlnoid. 


o 
H 


•2 

> 
■5 
3 

S 


9 


.0002 
.0010 
.0002 
.0006 
.0008 
.0000 
.0000 


.0004 


.0020 
.0062 
.0060 
.0048 
.0068 
.0038 
.0020 


.0040 


.0018 
.0028 
.0064 
.0084 
.0082 
.0028 
.0020 


.0082 


.0002 
.0024 
.0006 
.0014 
.0006 
.0010 
.0000 


.0008 


NlTBOOSlf  1 

s 

1 

AB 

■ 

3 

.08 

m 

S 

.0200 

.0000 

.00 

.0170 

.0000' 

.08 

.0120 

.0000, 

.06 

.0080 

.0000 

.06 

.0180 

.0001 

.06 

.0060 

.0000 

.08 
.07 

.0120 
.0121 

.0000, 

.oooo| 

I 


.06 
.11 
.28 
.10 
.06 
.18 
.12 


.18 


6.1 
8.6 
1.8 
8.8 
7.0 
4.0 
8.8 


4.2 


*  Where  more  then  one  eemple  wee  oolleoted  in  e  month,  the  meen  anelyeie  for  that  month  hee  been 
oeed  In  making  the  aTerege. 

Odor,  none. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
North  Adams,  relative  to  the  suitability  of  certain  ponds  as  sources 
of  domestic  ice  supply,  may  be  found  on  pages  125  to  127  of  this 
volume. 

The  results  of  analyses  of  samples  of  water  collected  from  the 
various  sources  which  have  been  investigated  are  given  in  the  fol- 
lowing table,  and  under  Deerfield  River  in  a  subsequent  chapter  of 
this  report,  entitled  <*  Examination  of  Rivers.'' 

Chemical  Examinaiion  of  Water  from  Various  Sources  of  Ice  Supply  in  North 

Adams  and  Vicinity. 
[Parte  per  100,000.] 


i 

SB 


e 

I 


2SM1 


Apr.  22 
Apr.  22 
Apr.  22 
Apr.  22 
Apr.  22 
Apr.  22 


Appxabavos. 


Slight. 

Kone. 

Slight. 

SUght. 

BUght. 

V.eUght. 


I 


Cone. 

Slight. 

Cone. 

Cons. 

V.eUght. 

V.eUght. 


I 


.17 
.02 
.26 
.28 
.10 
.81 


RaexDUK  ov 
Evapora- 
tion. 


a 
o 

3 


14.06 
8.06 
6.66 
2.50 
8.96 
6.06 


2.80 
1.05 
1.70 
1.00 
1.46 
1.60 


AMMOirXA. 


fe 


.0006 

.0002 
.0004 
.0008 
.0006 
.0006 


Albamlnoid. 


^ 


I 


00 


.0282 
.0020 
.0220 
.0146 
.0140 
.0170 


.0144 
.0014 
.0180 
.0000 
.0106 
.0148 


.0068 
.0006 
.0090 
.0066 
.0084 
.0022 


NmoABV 

i 
1 

Ae 

1 

• 

1 

4 

Xi 

O 
.18 

^ 

^ 

.0040 

.0003 

.07 

.0070 

.0000 

.22 

.0070 

.0004 

.08 

.0020 

.0000 

.16 

.0020 

.0000 

.06 

.0000 

.0000 

! 

s 

a 
& 

8 


8 


n 


.26 
.06 
.26 
.88 
.26 
.34 


12.8 
7.6 
4.8 
0.8 
2.5 
6.1 


Odor  of  the  flret  eample,  felntlf  Tecetable,  becoming  dietlnotly  Yegeteble  end  fishy  on  heeting;  of  the 
eeeoDd.  none;  of  the  third,  faintly  anpleasent,  becoming  dletinotly  nnpleeeent  on  heeting:  of  the  fourth, 
fetntly  moety ;  of  the  fifth,  felntlv  mnety  and  anpleesant,  becoming  decidedly  muety  end  alsegreeeble  on 
hmAng ;  of  uie  leet*  none,  becoming  feintly  vegetable  on  heating.  —  The  first  eample  was  collected  from 
an  artifieial  iee  pond  in  the  vtllege  of  Zylonite  in  Adams ;  the  second,  from  Orr's  Pond  in  North  Adama, 
Bltoatad  Joet  west  of  the  sonth  branch  of  the  Hooeae  River;  the  third,  from  a  pond  in  the  vlUage  of  Black- 
latoD,  eonaeeted  with  the  Hoosac  River  by  a  cnlvert  beneath  the  railroad ;  the  fourth,  from  a  pond  in 
darkebnrg  known  aa  the  Stamford  Reeervoir,  at  the  head  watere  of  the  north  branch  of  the  Hooeao 
River;  the  fifth,  from  Kemp  Pond,  eo  called,  in  tbe  eaeterly  portion  of  the  city  of  North  Adams;  the 
laaCv  frotn  a  email  artlfietal  pond  near  the  upper  dlstribnting  reeervoir  of  the  North  Adama  water  works. 
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nobthamfton. 

Water  Supply  of  Nortilampton. 

The  source  of  supply  is  Roberts'  Meadow  Brook  in  Northampton 
and  Westhampton,  on  which  three  storage  reservoirs  have  been 
built.  The  upper  and  lower  reservoirs  are  quite  small.  The  middle 
reservoir,  which  is  the  principal  storage  reservoir,  has  an  area  of 
26  acres,  a  maximum  depth  of  30  feet,  an  average  depth  of  10  feet 
and  a  capacity  of  84,000,000  gallons.  Each  of  the  reservoirs  was 
prepared  for  the  storage  of  water  by  the  removal  of  all  the  soil 
and  other  organic  matter. 

The  water-shed  of  Roberts'  Meadow  Brook  above  the  lower  reser- 
voir has  an  area  of  10.6  square  miles  and  contains  a  population  oi 
15  per  square  mile. 


Chemical  Examinaiion  of  Water  from  Roberts'*  Meadow  Brooke  juet  above  the 

Middle  Beservoir  of  the  Northampton  Water  Works. 

[Ptftt  per  100,000.] 


1 


21070 


22600 
22004 
28818 
28082 
24077 
24484 
24846 
26178 
26406 
26712 


At. 


a 
SI 

J 

I 

I 


19»S. 

Jan.  26 

Feb.  28 
Mw.  28 
Apr.  26 
ICay  80 
June  28 
Jnly  27 
Aug.  29 
Sept.  27 
Oct.  26 
Not.  20 
Deo.  20 


APPBASAirCS. 


1 


I 


Slight. 

V.eUght. 

V.ftUght. 

V.aUght. 

V.ellgfat. 

V.eligbt. 

V.ellght. 

V.ellgbL 

V.eUgbt. 

None. 

V.8llght. 

None. 


V.eUght. 

V.eUght. 

V.eUght. 

V.eUght. 

SUgfat. 

SUght. 

SUght. 

V.eUght. 

V.eUght. 

V.eUght. 

V.eUght. 

V.eUght. 


.21 
.18 
.20 
.86 
.80 
.88 
.21 
.40 
.21 
.41 
.27 
.14 


.28 


ReeiDus  ov 

Etapoba- 

noir. 


I 


8.20 
8.60 
2.80 
8.20 
8.66 
4.06 
4.80 
4.86 
4.76 
4.26 
8.40 
8.00 


8.70 


I 


1.26 
1.00 
1.00 
1.10 
1.46 
1.60 
1.60 
1.86 
1.66 
1.86 
1.06 
1.10 


1.81 


AMxoaiA. 


Albomfaiold. 


.0006 
.0006 


.0006.0086 


.0002 
.0004 
.0000 

.0082 
.0080 


.OOM 
.0004 

.0000 


.0070 


I 


8& 


.0068 


.0064  .0060 


.0072 
.0078 
.0188 
.0088 
.0196 


.0006.0006 


.0000 


.0072 
.0068 
.0040 


.0088 


.00174 
.0002 
.0070 
.0118 
.0076 
.0182 
.0002 
.0064 
.0062 
.0082 


.0070 


.0002 
.0004 

.0012 
.0010 
.0008 
.0020 
.0012 
.0014 
.0004 
.0008 
.0006 
.0008 


8 

s 

e 


.0000 


.11 

.12 
.07 
.00 
.08 
.07 
.00 
.07 
.00 
.12 
.10 
.11 


.00 


Nimoosv 

Ae 


i 


.0040 
.0100 
.0080 
.0060 
.0080 
.0010 
.0020 
.0080 
.0060 
.0020 
.0050 
.0070 


.0047 


S 

s 


.0000 
.0000 

.0000 
.0000 
.0000 
.0000 
.0008 
.0008 
.0001 
.0000 
.0000 
.0002 


.0001 


I 


.20 
.27 
.36 
.88 
.41 
.18 
.66 
.28 
.60 
.28 
.18 


.84 


i 


1.4 
1.8 
1.0 
1.0 
1.1 
1.7 
1.6 
1.8 
1.7 
1.7 
1.4 
1.4 


1.4 


Odor,  generaUy  none,  eometimee  faintly  Tegetable.   A  faintly  Tegetable  odor  waa  deraloped  in 
moet  of  the  eamplee  on  heating. 
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KOBTHAMPTOX. 

ChemiccU  Examination  of  Water  Jrom  the  Middle  Storage  Reservoir  on  Boberts'* 

Meadow  Brook,  collected  near  the  Surface. 

[Parts  psr  100,000.] 


i 
g 


MOT7 
2S880 
nSTO 

•MUM 

aS44 


M486 
14846 

iSlTB 


sftns 


At. 


5 

I 


Jao.  S6 
Feb.  28 
Mat.  » 
Apr.  20 
Mmj  80 
Jnna  28 
Joly  27 
Aag.  20 
8«pt.27 
Oct.  26 
Not.  20 


ArpBAKAVCS. 


i 


Blight. 
V.  alight. 
V.  alight. 
BUght. 
V.  alight. 
V.altght. 
BUght. 
V.  alight. 
Slight. 
V.aUght. 
V.altght. 
Nona. 


V.aHght. 

▼.alight. 

V.  alight. 

BHght. 

GoDa. 

BUght. 

BItghL 

BUght. 

BUght. 

BUght. 

V.  alight. 

V.aUght. 


I 


.28 
20 
.20 
.80 
.60 
.88 
.21 
.41 
.28 
.48 
.26 
.16 


.80 


BaaiDUB  OM 

EVAFOSA* 
TIOB. 


i 


I 


8.06 
8.66 
2.26 
8.60 
8.40 
4.26 
4.70 
4.00 
4.96 
4.00 
8.60 
8.46 


1.16 
1.06 
1.00 
1.40 
1.60 
1.00 
1.76 
1.06 
1.80 
1.00 
1.16 
1.00 


8.84  1.46 


AXKOHIA. 


.0002 
.0006 
.0004 
.0004 
.0008 
.0022 
.0018 
.0082 
.0048 
.0000 
.0002 
.0006 


.0018 


Albamlnold. 


^ 


I 
I 


.0062 
.0062 
.0060 
.0006 
.0104 
.0174 
.0180 
.0264 
.0288 
.0126 
.0062 
.0068 


.0126 


.0084 
.0044 
.0068 
.0088 
.0002 
.0128 
.0182 
.0218 
.0174 
.0104 
.0062 
.0060 


.0101 


i 


.0008 
.0018 
.0012 
.0008 
.0012 
.0046 
.0048 
.0046 
.0064 
.0022 
.0010 
.0008 


.0026 


I 


.11 
.14 
.07 
.08 
.07 
.08 
.10 
.06 
.U 
.14 
.11 
.12 


.10 


NiTBOOBN 

▲a 


I 


.0080 
.0070 
.0100 
.0080 
.0040 
.0010 
.0000 
.0020 
.0020 
.0010 
.0040 
.00801 


.0087 


5 


.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0002 


.0000 


i 


I 

I 


0.80 

0.20 

0.26 

0.40 

0.86 

0.44 

0.9 

1.401 

0.42 

0.64 

0.20 

0.18 


1.4 
1.8 
1.0 
1.0 
1.1 
1.6 
1.6 
1.8 
1.8 
1.7 
1.4 
1.4 


0.48  1.4 


Odor,  fyntly  TOgotahla  or  oooa. 

Mieroeeopioal  Examination  of  Water  from  the  Middle  Storage  Reservoir  on  Roberts'^ 

Meadow  Brooke  collected  near  the  Surface, 

[Nnmbar  of  organlama  per  onbio  oentimeter.] 


ISM. 

Jan. 

Fab. 

Mar. 

Apr. 

Jane. 

Jane. 

Joljr. 

Aag. 

Sept 

Oct 

Not. 

Dee. 

Knmber  of  aample 

26 
21077 

24 
22829 

20 
22670 

28 
22006 

1 
28844 

27 
28688 

20 

24078 

81 
24486 

20 

24846 

27 
26170 

80 
26406 

22 

26718 

PLANTS. 

Dlatomaceoo.     .... 

Arterlooella,       .... 

Cyeloten*, 

Synedra, 

Algn. 

8 

0 
0 
2 

6 

t 

0 
0 
1 

0 

18 

0 
0 
6 

0 

88 

0 

0 

16 

1 

50 

0 

1 
80 

1 

62 

0 
8 

47 

0 

1,802 
86 

88 

0 
16 
66 

21 

80 

4 

40 
28 

7 

78 

8 

0 

68 

0 

88 

68 

0 

11 

1 

4 

2 

0 

1 

0 

ANIMALS. 

InftLsorla, 

IMDobryoOf         .... 
Peridtnlani 

Vermes 

Omstacea,  Cyolopa,  . 

6 

0 
0 

0 
0 

2 

0 
2 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 
0 

7 

7 
0 

0 

0 

126 

82 
40 

4 
0 

44 

16 
17 

8 
pr. 

28 

21 
2 

1 

pr. 

72 

62 

8 

0 
0 

1 

1 
0 

0 

0 

0 

0 
0 

0 
0 

Ml$eaUaiuou$,  Zodgltiea, . 

10 

0 

8 

10 

8 

15 

18 

8 

8 

8 

8 

5 

Total,       

16 

4 

21 

87 

66 

74 

1,088 

164 

122 

166 

08 

0 
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NOBTHAMFTON. 

Chemical  Examination  of  Water  Jrom  the  Middle  Storage  Reservoir  on  Roberts^ 

Meadow  Brooke  collected  near  the  Bottom. 

[Parta  per  100,000.] 


21978 


S2071 

asQoa 

28846 
23684 

34070 
24486 
94847 
26180 
26407 
26n4 


At. 


73 

8 

s 


18»8. 

Jan.  26 
Feb.  28 
Mar.  28 
Apr.  26 
May  80 
Jane  23 
July  27 
Aug.  20 
Sept.  27 
Oot.  26 
Not.  20 
Dee.  20 


ApPBAIAirCB. 


■J 

a 


i 


Sllghl. 

SUfht. 

V.  alight. 

SUght. 

Blight. 

Slight. 

Slight. 

Decided. 

Decided. 

None. 

V.elight. 

V.  alight. 


Slight. 

V.  slight. 

Blight. 

SUght. 

Oona. 

Oona. 

Cooa. 

Cona. 

Gooa. 

Slight. 

SUght. 

V.aUght. 


0.80, 
0.20 
0.20i 
0.40 
0.40 
0.88 
0.84 
1.70 
1.44 
0.47 
0.27 
0.26 


0.64 


RseiDUB  ON 

Eyapoiu- 

TIOK. 


I 


8.70 
8.76 
2.66 
8.06 
8.60 
4.00 
4.60 
6.26 
6.00 
4.60 
8.46 
8.60 


4.06 


Be 


5 


1.26 

.0070 

0.06 

.0034 

1.80 

.0006 

1.30 

.0000 

1.66 

.0014 

1.46 

.0010 

1.70 

.0140 

2.30 

.0418 

2.16 

.0606 

1.76 

.0000 

1.26 

.0006 

1.10 

.0006 
.0106 

1.61 

Amxokia. 


! 


Albuminoid. 


i 

o 

H 


.0078 
.0076 
.0068 
.0100 
.0186 
.0188 
.0196 
.0278 
.0266 
.0112 
.0072 
.0068 


.0182 


1 

s 


a 
00 


.0000 
.0064 
.0068 
.0064 
.0110 
.0110 
.0142 
.0224 
.0168 
.0096 
.0066 
.0064 


.0108 


.0018 
.0012 
.0010 
.0016 
.0020 
.0028 
.00661 
.0064 
.0088 
.0016 
.0016 
.0004 


.0020 


4 

a 
C 

o 


.14 
.14 
.07 
.00 
.07 
.07 
.08 
.08 
.00 
.18 
.11 
.11 


.10 


NlTBOOBH 


s 


s 

s 


.0060 
.0080 
.0070 
.0080 
.0080 
.0090 
.0000 
.0020 
.0010 
.0010 
.0020 
.0060 


7 

8 

B 

I 

a 


.0001/ .80 
.00001.26 
.OOOOi .26 


.0000 
.0000 

.0001 
.0000 
.0003 
.0001 
.0000 
.0000 
.0004 


.0086.0001 


.40 
.40 
.46 
.42 
.62 
.48 
.66 
.81 
.26 


.40 


e 


1.7 
1.S 
1.0 
1.0 

1.1 

1.7 
1.7 
1.8 
2.2 
1.6 
1.4 
1.1 


1.6 


Odor,  generaUy  faintly  Yegetable  or  none,  oceaeionally  mnaty  or  nnpleaiant. 


MicroscopiccU  ExamincUion  of  Water  from  the  Middle  Storage  Reservoir  on  Roberts* 

Meadow  Brooke  collected  near  the  Bottom, 

[Number  of  organiama  per  enbio  centimeter.] 


19»0. 


Jan. 


Feb.  Mar. 


Apr. 


Jnne. 


Jone. 


jQly. 


Ang. 


Sept 


Oct. 


Not. 


D«c 


Day  of  examination, 
Nomber  of  sample,  . 


26 
21978 


24 
22380 


20 
22671 


28 
229061 


1 
28346 


27 
28684 


81 


29 


29 

24079;24486i24847}26180  26497  26714 

I 


SO 


PLANTS. 

Dlatomaoe»t    .      .      •      • 

Cydotella, 

Synedra,     .       .       .       .       . 

Oyanophyoen, .      •      •      . 
Alflr» 

ANIMALS. 

InftiBoria, 

Traehelomonaa, 


1 

0 
1 

0 

0 


D 

0 
0 

0 

0 


11 

0 
8 

0 

0 


21 

0 
12 

0 

1 


40 

2 
24 

0 

0 


io 

2 
44 

0 

0 


1. 

1,264 
24 


35 

0 
80 


0      0 

4!     8 


19 
0 

11 
0 
0 


96 

2 
80 

t 

4 


n 

0 
12 

0 

0 


8 

0 
6 

9 

1 


0 
0 


1 
0 


0 

0 


0 
0 


0 
0 


1 

0 


4|    24 

0|    16 


8 

8 


2 

0 


MtsteOantoutt  ZoSgloaa, . 

6 

6 

5 

ID 

12 

to 

40 

60 

60 

8 

5       S 

Total, 

6 

7 

16 

82 

62 

111 

1,840 

126 

87 

112 

27 

14 
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Water  Supply  of  North  Andover. 

Population  in  1895,  3,569.  The  works  are  owned  by  the  town, 
and  were  completed  in  the  latter  part  of  the  year  1898.  The  source 
of  supply  is  Great  Pond  in  North  Andover.  The  pond  has  an  area 
of  621  acres  and  a  water-shed  of  5.4  square  miles,  which  contains  a 
population  of  50  per  square  mile.  Water  is  pumped  from  the  pond 
to  an  open  distributing  reservoir  having  a  capacity  of  1,000,000 
gallons.     (See  also  pages  43  to  45  of  this  volume.) 

Chemical  Examination  of  Water  from  Or  eat  Pond^  North  Andover, 

[ParU  per  100,000.] 


m 

1 
1 

AFrZAMAMCm. 

Rbsiduk  on 

EVAPOIA. 
TIOH. 

AmiGXIA. 

i 

.88 

KiTROOBSr 
AS 

• 

m 
0 

a 

o 

6 

s 

1 

1 
1 

1 

S 

Loss  on 
Ignition. 

1 

Albamlnold. 

1 

1 

1 

9 

• 

1 

Sus- 
pended. 

i 

tXBVt 

1899. 
Apr.  SI 

V.iUght. 

V.sUglit. 

.34 

8.76 

1.25 

.0002 

.0160 

.0152 

.0014 

.0080 

.0000! 

.84 

1.8 

Odor,  none,  beoomlDg  faintly  TegeUblo  on  heating. 

Water  Supply  of  North  Attleborough. 

The  source  of  supply  is  a  well  30  feet  in  diameter  and  26  feet 
deep,  located  near  the  outlet  of  Whiting's  Mill  Pond,  on  the  Ten 
Mile  River,  just  above  the  village  of  North  Attleborough. 

Chemical  Examination  of  Water  from  the  Wells  of  the  North  Attleborough  Water 

Works. 

[Parts  per  100,000.] 


i   1 

AmuxAxcs. 

i 

Amxcmia. 

NlTBOOSX 

• 

teof 
Collectli 

sfdne  on 
Evaporatl 

i 

Ai 

i 

i 

s 

§ 

6 

1 

a 
1 

i 

• 

Albu- 
minoid. 

• 

8 

5 

S 

g 

s 

2 

g 

« 

& 

a 

£ 

i 

S 

s 

& 

a 

& 

19»9. 

1 

21882 

Jan.  17 

Nona. 

None. 

.01 

6.00 

.0000 

.0016 

.78 

.0620 

.0000 

.02 

2.9 

.0020 

23817 

Feb.  22 

V.  slight. 

Slight. 

.02 

6.80 

.0000 

.0006 

.80 

.0620 

.0000 

.02 

2.0 

.0020 

28079 

May     6 

KODO. 

Slight. 

.04 

7.20 

.0004 

.0080 

.81 

.0680 

.0000 

.03 

3.1 

.0040 

28727 

Jane  27 

Slight. 

Nona. 

.01 

8.20 

.0006 

.0010  1 

.82 

.0410 

.0000 

.08 

8.5 

.0060 

lOM 

Aug.  22 

Nona. 

None. 

.00 

7.00 

.0000 

.0014  1 

.77 

.0650 

.0000 

.02 

8.0 

.0000 

S6SZS 

Oet.  81 

Nona. 

None. 

.01 

7.60 

.0000 

.0004 

.82 

.0620 

.0000 

.05 

2.9 

.0010 

28788 

Dms.  27 

UTona. 

Nona. 

.00 
.01 

6.10 

.0000 

.0012 

.75 

.0640 

.0000 

.02 

8.0 

.0010 

At... 

7.00 

1 

.0001 

1 
.0018 

.79 

1 

.0584 

.0000 

.08 

8.0 

.0028 

Odor,  Dosa.  — *  No.  28079  was  oollaetad  from  the  weU,  and  tha  others  from  a  faoeat  at  the  pumping 
atatlon. 
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KOBTHBOBOUOH. 

Water  Supply  of  Nobthborough. 

The  source  of  supply  is  Cold  Harbor  Brook  in  Shrewsbury,  on 
which  two  reservoirs  have  been  constructed.  The  upper  reservoir, 
which  was  formerly  a  mill  pond,  has  an  area  of  8  acres  and  a  maxi- 
mum depth  of  9  feet.  The  shores  of  this  reservoir  are  sandy,  but 
the  bottom  near  the  centre  is  muddy.  The  lower  reservoir  has  an 
area  of  9  acres,  a  maximum  depth  of  15  feet  and  a  storage  capacity 
of  30,000,000  gallons.  A  considerable  portion  of  this  reservoir  is 
very  shallow,  and  the  bottom  is  said  to  be  muddy.  The  water-shed 
of  the  lower  reservoir  has  an  area  of  2.3  square  miles,  which  con- 
tains a  population  of  about  45  per  square  mile. 

ChemiccU  Examination  of  Water  from  the  Upper  Reservoir  of  the  Northborough 

Water  Works. 

[Parte  per  100,000.] 


I 


81967 

2seoo 


34046 
24782 
26627 


At. 


6 

m 


Jan.  24 
Mar.  21 
May  28 
Jaly  26 
Sept.  26 
Dee.    1 


Appsabjukhb. 


if 

1 


4i 


I 


V.  alight. 
V.  alight. 
Slight. 
V.  Blight 
V.  alight. 
V.  alight. 


V.allght. 

V.aUght. 

Slight. 

Slight. 

None. 

None. 


0.60 
0.06 
1.80 
0.60 
0.86 
0.66 


0.84 


RsaxDus  ov 
Etapoba- 

TIOV. 


•i 


2.00 
2.60 
4.06 
4.00 
4.86 
3.76 


8.67 


si 


i 


1.16 
1.20 
2.00 
2.26 
2.20 
1.26 


1.67 


AXMOiriA. 


I 


Albamlnoid. 


1 


.0002 

.0006 
.0016 
.0010 
.0006 
.0004 


.0007 


.0120 
.0168 
.0312 
.0276 
.0868 
.0106 


.0206 


.0108 
.0160 
.0804 
.0244 
.0242 
.0104 


.0102 


I 


.0012 
.0008 

.0008 
.0032 
.0016 
.0002 


.0013 


I 

6 


.10 
.23 
.22 
.10 
.28 
.21 


Kxraoour 

AB 


.0070 
.0000 
.0000 
.0010 
.0080 
.0030 


.0088 


£ 
S 


.0000  0 


.000010 

.0000 

.0001 

.0000 

.0000 


.0000 


B 

a 

e 

6 

e 
& 

I 


.62 
.66 

1.13 
0.71 
0.08 
0.68 


0.74 


i 
I 


0.8 
0.8 
1.0 
0.8 
0.6 
0.6 


0.8 


Odor,  dlatlnetly  Tegeuble,  aometlmea  faintly  moaty  or  none.   On  heating,  a  faintly  nnpl 
waa  developed  in  ao.  24762. 


it  odor 


ChemiccU  Examination  of  Water  from  the  Lower  Reservoir  of  the  Northborough 

Water  Works. 

[Parte  per  100,000.] 


21968 
22610 
28364 
24046 
24768 
26628 


At. 


I 

O 


IMS. 

Jan.  24 
Mar.  21 
May  28 

Jaly  26 
Sept.  26 
Deo.    1 


AppsAiAircs. 


Q 
I 


^ 


V.  slight. 
V.  Blight. 
Blight. 
Deelded. 
Slight. 
V.  Blight. 


Kone. 

V.aUght. 

Slight. 

Gona. 

Cona. 

V.allght 


0.48 
0.69 
1.10 
0.60 
0.63 
0.48 


0.63 


BBBmUB  ON 

SVAPOBA- 

noH. 

• 

n 

^1 

H 

r 

2.46 

0.86 

2.40 

1.86 

3.10 

1.86 

3.86 

2.26 

4.76 

2.40 

3.40 

1.30 

3.33 

1.68 

Ahxoioa. 


I 


AUmmloold. 


"a 


I 
I 


18 


.0004 
.0002 
.0012 
.0012 
.0006 
.0004 


.0007 


.0180 


.0112 


.0124  .0120 
.0262.0220 
.08001.0268 
.02681.0222 
.0004.0088 


.0198 


.0170 


.0008 
,0004 
.0082 
.0042 
.0046 
.0006 


•0038 


s 

I 

s 


.30 
.20 
.20 
.17 
.38 
.20 


.20 


VmOQEM 
AB 


s 
S 


.0080 
.0080 
.0070 
.0000 
.0080 
.0040 


5 


.0000  !.4S 


.0000< 


.46 


.0000'>.7S 

.0000;. 80 


.0000 
.0000 


.0040.0000 


.72 


.67 


§ 
I 

& 


0.8 
0.8 
0.6 
0.8 
1.0 
0.8 


0.8 


Odor,  faintly  Tegetable  or  mnaty,  eometUnea  none.    A  dlBtinetly  nnpleaaant  odor  waa  developed  la 
No.  24708  on  heating. 
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NOBTH  BBOOKFIEIiD. 

Water  Supply  of  North  Brookfield. 

The  sources  of  supply  are  Doane  and  North  ponds  and  North 
Brook  in  North  Brookfield.  Doane  Pond  is  an  old  mill  pond,  the 
level  of  which  has  been  raised.  The  pond  now  has  an  area  of  31 
acres  and  a  storage  capacity  of  54,000,000  gallons.  The  pond  has 
a  water-shed  tributary  to  it,  including  the  water-shed  of  North  Pond 
and  North  Brook,  of  2.51  square  miles,  which  contains  a  population 
of  45  per  square  mile. 

North  Pond,  which  is  situated  just  above  Doane  Pond,  has  an 
area  of  70  acres  and  a  storage  capacity  of  350,000,000  gallons. 
The  maximum  depth  of  this  pond  is  30  feet  and  the  average  depth 
15  feet.  The  water  of  North  Pond  and  of  North  Brook,  which  has 
been  made  tributary  to  North  Pond,  is  used  during  much  of  the 
time  to  furnish  power  for  pumping,  water  for  the  supply  of  the 
town  being  drawn  from  Doane  Pond. 

A  filter  has  been  constructed  in  Doane  Pond,  through  which  the 
water  is  passed  before  being  pumped  to  the  distributing  reservoir. 
Two  concentric  stone  walls  extending  from  the  bottom  of  the  pond 
to  above  the  high-water  mark  have  been  built  well  out  in  the  pond, 
and  the  annular  space  between  the  walls,  5  feet  in  width,  has  been 
filled  with  gravel.  Water  is  drawn  from  the  well  inside  the  inner 
wall.  The  results  of  analyses  of  water  collected  from  the  pond  and 
from  the  filter  indicate  that  the  filter  has  but  little  influence  upon 
the  quality  of  the  water. 

Chemical  Examination  of  Water  from  Doane  Pond,  North  Brookfield, 

[P»Tta  per  100,000.] 


i 

fl 


31M7 


MM4 
»1U 


»7ai 


At. 


Jan.  19 
Feb.  31 
M»r.  16 
Apr.  90 
lUy  18 
Jane  16 
Jaly  5a 
ADff.  17 
8«pt.n 
Oei.  20 
Not.  la 
I>ee.  31 


if 

S 


Deeidad. 

Decided. 

Decided. 

Blight. 

Slight. 

V.alisht 

Decided. 

Decided. 

Bll^t. 

V.sUght. 

Blight. 

SUght. 


a 

9. 


I 


Cone. 

Cone. 

Coos. 

Cone. 

Cone. 

SUght. 

Cona. 

Com. 

Oou. 

V.  slight. 

V.  slight. 

V.  Might. 


.67 
.M 
.80 
.50 
.60 
.00 
.60 
.68 
.88 
.46 
.61 


66 


BxeiDXTB  OH 

Eyapoba- 

TIOV. 


I 


i 


i 


8.06 
8.86 
2.80 
2.86 
2.76 
8.80 
8.46 
4.66 
8.80 
8.06 
8.80 
8.60 


AmOHIA. 


II 


8.60 


1.86 
1.66 
1.06 
1.20 
1.46 
1.60 
1.66 
2.06 
1.46 
1.66 
1.60 
1.60 


1 

Albnmliiold. 

« 

1 

1 

1 

-1 

.0126  .02861 


1.68 


.0142 
.0010 
.0000 
.0020 
.0046 
.0084 
.0026 
.0018 
.0102 


.0184 
.0204 
.0218 
.0220 
.0266 
.0666 
.02641 
.0260, 
.0228 


.0096.0278, 
.0206  .0178, 


.0060 


.0202 
.0140 
.0146 
.0162 
.0102 
.0280 
.0270 
.0346 
.0244 
.0204 
.0242 
.0168 


.0084 
.0044 
.00681 
.0056 
.0028 
.0086 
.0086 
.0018 
.00161 
.0024 
.0086 
.0010 


.02411.0204.0087 


NrraooBv 

AS 

2 

i 

• 

.21 
.21 
.14 
.14 
.18 
.17 
.18 
.18 
.14 
.16 
.12 
.16 

.0130 
.0080 
.0070 
.0060 
.0080 
.0010 
.0010 
.0000 
.0000 
.0020 
.0010 
.0070 

.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0002 
.0007 
.0000 
.0004 
.0001 
.00021 

.0001 

.16 

.0048 

I 

0 

m 

I 


o 


S 


1.46 
.46 
.40 

:.40 
.46 

;.6o 

1.64 

.64 
.61 
.68 
.61 
1.66 


I- 


i.&l 


1.6 
0.8 
1.0 
1.1 
0.8 
1.0 
0.8 
0.6 
0.8 
0.6 
1.0 
0.8 

0.0 


Odor,  geocnlly  faintly  Tegetehle  or  miistF*  becoming  stronger,  end  in  September  elM  flthy ,  on  heating. 
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KOBTH  BBOOKFIBIJ>. 

Microscopical  Examinalion  of  Water  front  Doane  Pond,  North  Brookfietd, 

[Number  of  organUmfl  p«r  enbio  eentiineter.] 


Jan. .  Feb. 


Mar. 


Apr. 


Maj.  j  Jane. ;  Jaly.l  Aag.|  8«pt  OcL 


No^. 


Dec 

2S 
tt7Sl 


Day  of  ezamiDaUoo,  .... 
Namber  of  aample,    .       .       .       . 

PLANTS. 

DlstomscesB,      .      .      .      . 

Aaterlonella,        .       .       .       . 

Synadra, 

Tabellarla, 

OysnophyoeeB 

AlffflB 

Protooocena,        .       .       .       . 
Raphldiam, 

ANIMALS. 
Bhizopods, 

Infusoria. 

Dinobryon,  .       .       .       .       . 

Mallooionaa 

Perldinlum, .... 
Traehelomonaa,  .       .       .       . 

Vermes 

Orustscea,  Oyelopa,  . 

MUcellantouSt  ZoSglcea,    . 

Total, 


20 

28 

17 

21 

19 

16 

26 

18 

22 

21 

21907 

2230822686 

22906  28204 

1 

28679 

24026 

24844)2473225112 

68 

10 

20 

720 

284 

IT 

8 

84 

42 

64 

8 

0 

20 

20 

0 

0 

10 

0 

10 

1 

8 

428 

116 

2 

6 

6 

16 

4 

6 

8 

272 

120 

14 

0 

16 

24 

0 

0 

0 

0 

0 

2 

0 

0 

0 

20 

1 

4 

106 

16 

14 

47 

64 

8 

10 

18 

0 

0 

100 

0 

0 

0 

0 

0 

2 

1 

4 

4 

2 

81 

60 

6 

4 

17 


482  [    22 

27  '    18 


10 
894 


0 

4 


2 
2 


0 

0 
0 


0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

50 

77 

414 

138 

60 

81 

78 

52 

188 

138 

24 
0 

24 
0 

26 

0 

48 

0 

40 

0 

866 

0 

122 
0 
6 
2 

46 
4 
2 
2 

78 

.0 

0 

0 

80 

86 

0 

2 

18 
8 
2 

16 

168 
6 
2 

4 

134 
0 
0 
0 

2 

0 

0 

2 

6 

1 

0 

12 

8 

4 

0 

0 

0 

pr. 

pr. 

pr. 

pr. 

0 

0 

0 

52 

49 
0 
1 


1 
D 


10       10 


20        8 


10 


5  I    10 


15 


10 


160 


98  j  468 


969 


876 


100 


156     161 


246 


107 


0 
U 
1 
0 

0 
0 


I  407  I    28 


Chemical  Examination  of  Water  from  North  Pond,  North  Brookjield. 

[ParU  per  100.000.] 


a 

Appbasavck. 

RaaiDUK  OK 

EVAPOtA- 
TION. 

AiocomA. 

• 

S         Chlorine. 

KrrsoosK 
Aa       i 

• 

X 

e 

5 

e 

1 

1 

s 
1 

e 

5 

• 

1 

Lotion 
Ignition. 

1 

Albuminoid. 

■ 

i 

• 

• 

1 

• 

> 

1 

s 

Sua- 
pended. 

1 

91906 

ISM. 

Jan.  19 

Daolded. 

Cona. 

.72 

4.66 

1 
2.46  1 

.0110 

.0396 

.0286 

.0040 

.0140 

• 

.0002 

.80     1.6 

82907 

Apr.  20 

SUght. 

Oooa. 

.60 

8.16 

1.85  1 

.0000 

.0266 

.0216 

.0040 

1.17 

.0120 

.0000 

.50 

1.1 

84027 

July  26 

Deoldad. 

Cona. 

.41 

8.10 

1.80  > 

1 

.0010  .0808 

.0280 

.0078 

.14 

.0010 

.0001 

.57 

0.6 

86111 

Oct.  20 

V.  alight. 

V.allgfat. 

.48 
.66 

8.20 

1.66  i 

.0066 
.OOU 

.0256 
.0286 

.0214 
.0286 

.0042 
.0060 

.18 

.17 ; 

.0010 
.0070 

.0002; 
.OOOll 

.67 
.63 

0.8 

At... 

8.60 

l.Ttf 

1.6 

Odor  of  tha  flrat  aample,  faintly  moaty,  baeoming  atrongar  on  baating;  of  the  othara,  dlalinetly 
Togetabla. 
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Microscopical  Examination  of  Water  from  North  Pond,  North  Brookfield, 

[Number  of  organisms  p«r  oobie  oentimetar.] 


1999. 


Janiuury. 


April. 


Jaly. 


October. 


Day  of  examination, 
Nnmber  of  sample, . 

PLANTS. 
Distoznacead,    . 

Asterlonella,     • 
Tabellaria, 

»t 

Raphldlam, 
Zooaporee, 

ANIMALS, 
InftiBorla,    .... 

Dinobryon, 

JIBiiglena,     .... 

Vermes,       .... 

Crustacea,  Cyclops, . 

TOTAI.,         .... 


20 

21 

21906 

22907 

6 

m 

0 
2 

64 
122 

72 

86 

4 
68 

2 
0 

26 
24027 


21 
25111 


80 

0 
80 

400 
800 


1,470 

8 
1,486 

84 

14 
0 


3 
4 

0 
0 


52 

28 
SO 


pr. 


m 

174 
2 

0 

0 


84 

28 
2 

0 

pr. 


10 


100 


821 


617 


1,548 


NORTHFEELD. 

The  advice  of  the  State  Board  of  Health  to  the  Northfield  Water 
Company,  relative  to  a  proposed  water  supply  from  Minot  and 
Warwick  brooks  in  Northfield,  may  be  found  on  pages  45  and  4ft 
of  this  volume. 

The  results  of  analyses  of  samples  of  water  collected  from  each 
of  these  sources  are  given  in  the  following  table :  — 


Chemical  Examination  of  Water  from  Warwick  and  Minot  Brooks,  Northfield, 

[Pans  per  100,000.] 


2 

a 

3 

9B 


I 


e 


6 


Ajppsaiavcs. 


I  r 


i'        5 


^ 


1 


u 

I 


Slight. 
V.sliglit. 


Cons. 
Slight. 


.86 
.10 


Bksidcb  om 

EVAPOBA- 
TIOV. 


I 


a 
o 
s 

go 


I 


2.05 
1.80 


0.06 
0.60 


AmONIA. 


I 


Albuminoid. 


I 


S 


.0006 
.0004 


.0110 
.0042 


.0064 
.0086 


.0026 
.0006 


6 


07 
06 


KiTBOGXX 
AS 


■c 


.0060 
.0090 


.0000 
.0000 


I 

o 
• 
a 
o 

I 

M 

o 


.42 
.19 


i 


0.6. 

0.& 


Odor,  none.— ^ The  first  sample  was  collected  from  Warwick  Brook,  at  site  of  the  second  dam 
above  the  Tlllace  of  Northfield,  and  the  last  from  Minot  Brook,  jnst  above  iU  oonflnenee  with  Warwick 
Brook. 
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NORWOOD, 


Water  Supply  of  Norwood. 


The  source  of  supply  is  Buckmaster  Pond  in  Dedham.  The  pond 
has  an  area  of  29.5  acres,  a  maximum  depth  of  29  feet,  an  average 
depth  of  13  feet  and  a  storage  capacity  of  123,000,000  gallons. 
The  bottom  is  sandy  except  at  the  upper  end,  where  there  is  a  con- 
siderable amount  of  mud.  The  pond  has  a  water-shed  of  0.45  of  a 
square  mile,  which  contains  a  population  of  about  145  per  square 
mile. 

The  water  of  this  pond  has  frequently  been  affected  during  the 
winter  months  by  the  presence  of  enormous  quantities  of  the  organ- 
ism Vroglena,  which  has  imparted  to  the  water  an  oily  and  fishy 
taste  and  odor. 


Chemical  Examination  of  Water  from  Buckmaster  Pond,  Dedham. 

[Parts  per  100,000.] 


1 

APPSiLXA.HOK. 

RaaiDUB  OH 

EVAPOBA- 
TIOV. 

Amkovia. 

.44 

KiTBOOBV 

Aa 

• 

1 

o 

• 

1 

i 

1 

■ 

r 

1 

Albuminoid. 

• 

1 

a 

1 

1 

• 

1 

• 

1 

i 

Sus- 
pended. 

• 

J 

81766 

Jan.    4 

Diatlnot. 

Slight. 

.17 

3.16 

1.10 

.0128 

.0162 

.0186 

.0016 

.0070 

.0000 

.18 

1.8 

112060 

Veb.    8 

Slight. 

Slight. 

•10 

8.86 

1.00 

.0112 

.0184 

.0112 

.0028 

.40 

.0080 

.0000 

.88 

1.4 

2S800 

Mar.   1 

BUght. 

V.eUght. 

.16 

2.40 

1.00 

.0028 

.0284 

.0146 

.0188 

.88 

.0080 

.0001 

.84 

0.6 

^8780 

Apr.   6 

V.  Blight. 

V.eUght. 

.18 

8.26 

1.86 

.0024 

.0100 

.0180 

.0010 

.87 

.0060 

.0000 

.87 

0.8 

88048 

May    8 

V.eUght. 

V.aUght. 

.80 

2.66 

0.66 

.0020 

.0160 

.0184 

.0016 

.86 

.0000 

.0001 

.86 

0.6 

88878 

Jane   1 

V.eligbt. 

V.eUght. 

.88 

2.70 

1.16 

.0014 

.0178 

.0148 

.0086 

.86 

.0010 

.0000 

.81 

0.8 

88706 

Jaly    6 

V.  alight. 

V.eUght. 

.17 

4.46 

8.06 

.oQioa 

.0104 

.0180 

.0014 

.80 

.0080 

.0001 

.88 

0.6 

84180 

Ang.  2 

v.  alight 

V.eUght. 

.18 

2.70 

1.80 

.0088 

.OMW 

.0268 

.0048 

.as 

.0080 

.0000 

.84 

0.6 

84646 

Sept.  e 

V.  aught. 

V.eUght. 

.14 

2.70 

1.10 

.0010 

.0816 

.0182 

.0034 

.80 

.0010 

.0000 

.86 

0.6 

84017 

Oet.    6 

V.aUght. 

V.aUght. 

.10 

8.46 

1.80 

.0012 

.0244 

.0288 

.0012 

.86 

.OOV) 

.oooJ 

.80 

O.i 

86281 

Nov.   1 

V.  alight. 

Slight. 

.16 

8.06 

1.00 

.0082 

.0164 

.0186 

.0088 

.84 

.0080 

.0000 

.80 

0.6 

86687 

I>eo.    6 

V.eUght. 

V.eUght. 

.10 

8.00 

1.46 

.0006 
.0046 

.0124 

0195 

.0114 

Olftt 

.0010 
.0088 

.80 
.26 

.0080 
.0027 

.0000 
.0000 

.86 

0.6 

Av... 

.17 

2.07 

1.87 

j.2» 

I 

a.7 

Odor,  generally  vegetable  or  none,  oeoaelonaUy  diatlnetly  moety,  beoomlas  atronger  on  heating.  A 
Hehy  odor  waa  developed  in  the  March  aample  on  heating. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


301 


NOBWOOI>. 

Microscopical  Examination  of  Water  from  Buckmaster  Pond,  Dedham, 

[Vnmber  of  orgaDims  per  oabio  Mntlmeter.] 


Day  of  >Minln»tloa,  •       .       •       . 
Nnmter  of  Mmple,    .      .       .      • 

PLAKTS. 

BlstomaoecD.      .... 

^•terloooUa,        .       .       •       . 
Synodn, 

Cyanopbyoecs,  .... 

Alg», 

ANIMALS. 
XnftLsoria* 

CUlalod  InfaMrlsn,     . 
IMDobryoD, 

Vermes 

OmstAcea, 

Cydope,      ..... 

IfrnphnUkt 


ises. 


Jan. 


Tth, 


Mar. 


Apr. 


May. 


Jnna. 


217U230W828M 


2278018048 


8 
28878 


July. 


8 
287Wi24180 


(58 

96 
180 


26 
5 


0 
0 


67 

82 
14 


8 
8 


28 

8 

1 


68 

0 

1 


Aug. 


Sept 


2464624917 


0 

8 


88 


0 
0 


88 


Oct 


Not. 


DiBCk 


8 

0 
0 


0 

0 
0 


8 

0 

7 


0 
0 


846 

40 
600 


0 
0 


18 

0 
12 


pr. 

pr. 
pr. 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 

0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


4 

3 


2 
26221 


0 
0 


0 
0 


6 

2668T 


81 

4 

16 


0 
0 


0 
0 


2 

6 


a 

0- 


0i 


0 
0 


JflwittHMMM,  ZoOgl<Ba,    . 

6 

6 

8 

8 

5 

8 

8 

8 

8 

8 

8 

5 

Total, 

272 

60 

666 

86 

80 

81 

66 

68 

44 

20 

48 

18 

Water  Supply  of  Orange. 

The  sources  of  supply  are  North  Pond,  Coolidge  Brook  and  a 
spring  near  Coolidge  Brook. 

The  spring,  which  has  furnished  most  of  the  supply  for  several 
years,  is  collected  in  an  open  reservoir  having  a  capacity  of  600,000 
gallons.  Water  from  this  reservoir  is  pumped  directly  to  an  open 
distributing  reservoir. 

On  Coolidge  Brook  two  small  storage  reservoirs  have  been 
constructed,  water  for  the  supply  of  the  town  being  taken  from 
the  upper  reservoir,  and  the  lower  reservoir  being  used  to  furnish 
power  for  pumping.      The  upper  reservoir  has  a  drainage  area 
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of  1.38  square  miles,  which  contains  a  population  of  33  per  square 
mile. 

North  Pond  is  a  natural  pond,  the  level  of  which  has  been  raised 
10  feet  by  the  construction  of  a  dam,  and  a  connection  has  been 
made  by  means  of  which  the  water  can  be  diverted  into  Coolidge 
Brook  at  a  point  between  the  two  reservoirs,  so  that  the  water  of 
this  pond  is  available  for  power ;  but  it  is  also  one  of  the  sources 
of  water  supply  of  the  town,  and  has  been  used  for  a  short  time 
during  dry  weather  for  this  purpose.  The  pond  has  an  area  of  132 
acres  and  a  drainage  area  of  0.66  of  a  square  mile,  which  contains  a 
population  of  23  per  square  mile.  Much  of  the  area  which  Tvas 
flooded  when  the  level  of  the  pond  was  raised  is  swampy,  and  the 
water  of  the  pond  is  highly  colored  and  contains  at  times  enor- 
mous numbers  of  microscopical  organisms. 

The  organism  Uroglena  has  appeared  on  several  occasions  in  the 
water  of  the  open  distributing  reservoir,  giving  the  water  a  dis- 
agreeable taste  and  odor. 


Chemkal  ExamincUion  of  Water  from  North  Pond^  Orange, 

[Paita  per  100,000.] 


m 

e 
1 

a 

AppBAXAiraB. 

RaeiDDB  ON 

Etapoka- 

noK. 

AXMOKIA. 

• 

6 

.10 

NtnooKv 

AB 

_  • 

i 

1 

0 

8 

. 

4i 

1 

• 

• 

1 

Lotion 
ignition. 

1 

Albuminoid. 

1 

1 

1 

1 

■ 

00 

B 

^028 

1998. 

Jan.  18 

V.tUght. 

Slight. 

.18 

2.46 

1.00 

.0014 

.0118 

.0000 

.0028 

.0000.0001 

.24 

^S276 

Veb.  17 

v.tiigiit. 

V.sUght. 

.20 

8.06 

1.26 

.0084 

.0076 

.0074 

.0002 

.16 

.0080.0000 

.21 

22667 

Mar.  16 

Slight. 

V.eUght. 

.86 

2.40 

1.10 

.0028 

.0122 

.0006 

.0026 

.10 

.0040 

.0000 

.86 

1»210 

May  18 

V.sUght. 

Cone. 

.28 

2.86 

1.20 

.0006 

.0170 

.0128 

.0042 

.14 

.0000 

.0000 

.88 

28606 

Jane  16 

V.eliglit. 

Gone. 

.26 

2.40 

1.20 

.0004 

.0240 

.0172 

.0068 

.18 

.0020 

.0000 

.S2 

*  ■ 

U906 

July  10 

Dedded. 

Gone. 

.80 

2.86 

1.76 

.0024 

.0284 

.0206 

.0028 

.00 

.0020 

.0000 

.40 

-34S88 

Ang.  16 

Blight. 

Blight. 

.84 

2.70 

1.40 

.0024 

.0810 

.0282 

.0018 

.18 

.0020 

.0001 

.44 

0.6 

24712 

Sept.  20 

Decided. 

Gone. 

.80 

2.46 

1.16 

.0010 

.0248 

.0206 

.0042 

.12 

.0000 

.0000 

.46 

26102 

Oct.  18 

Slight. 

Slight. 

.46 

8.66 

1.66 

.0000 

.0266 

.0104 

.0002 

.16 

.0010 

.0001 

.«2 

26406 

Not.  16 

V.tUght. 

V.aUght. 

.80 

2.86 

1.06 

.0004 

.0176 

.0162 

.0024 

.18 

.0010 

.0000 

.40 

26728 

Dee.  20 

SUght. 

Slight. 

.26 

2.06 

1.00 

.0012 
.0016 

.0008 
.0186 

.0000 
.0166 

.0008 

.0081 

.18 
.18 

.0060 
.0020 

.0001 
.0000 

.» 

Av... 

.20 

2.66 

1.26 

.87 

O.T 

Odor,  fatetly  vegetable  or  none.    In  Korember,  the  odor  became  yery  faintly  fiehy  on  heatlBg. 
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ChemiccU  ExamincUum  of  Water  from  the  IHstribtUing  Beservoir  of  the  Orange 

Waler  Works, 


[PftrU 

per  100.000.] 

1 

1 

BB8IDUK  Off 
EVAPORA.- 

nov. 

AXVOVIA. 

• 
.14 

Kftbookm 

A8 

• 

1 

t 

• 

1 

c 

^ 

Loss  on 
Ignition. 

1 

Albuminoid. 

1 

1 

• 

a 

as 

• 

1 

• 

Q 

4 

1 

noM 

Jan.  18 

V.tUght. 

V.aUght. 

.06 

2.00 

1.00 

.0002 

.0044 

.0038 

.0006 

.0010 

.0000 

.08 

1.1 

^1276 

F«b.  17 

y.ftUght. 

SUght. 

.06 

2.06 

0.00 

.0010 

.0078 

.0074 

.0004 

.17 

.0080 

.0000 

.18 

0.6 

2S6M 

Ut.  16 

V.aUsht. 

V.aUght. 

.11 

3.20 

1.00 

.0000 

.0040 

.0086 

.0004 

.11 

.0020 

.0000 

.17 

1.1 

7XS91 

Apr.  18 

V.aUffhi. 

SUght. 

.10 

2.16 

0.80 

.0002 

.0080 

.0000 

.0020 

.14 

.0060 

.0002 

.20 

0.6 

S8S20 

M»7  18 

V.tUght. 

K<nM. 

.08 

2.86 

0.76 

.0006 

.0088 

.0088 

.0000 

.14 

.0000 

.0000 

.20 

0.8 

13»T 

JaiM  15 

V.tUght. 

V.aUght. 

.12 

8.40 

1.10 

.0004 

.0002 

.0060 

.0012 

.18 

.0010 

.0000 

.13 

0.8 

S8O07 

July  10 

SUght. 

SUght. 

.18 

2.86 

1.06 

.0024 

.0160 

.0118 

.0032 

.07 

.0040 

.0000 

.32 

0.8 

24711 

Sept.  20 

V.aUght. 

V.aUght. 

.10 

3.26 

0.70 

.0004 

.0048 

.0088 

.0010 

.12 

.0000 

.0000 

.11 

0.8 

26108 

Oet.  18 

V.aUght. 

V.aUght. 

.88 

8.76 

1.00 

.0002 

.0148 

.0140 

.0008 

.13 

.0010 

.0001 

.68 

0.8 

25400 

Not.  16 

KoDe. 

None. 

.12 

8.00 

0.06 

.0000 

.0048 

.0048 

.0002 

.12 

.0010 

.0000 

.20 

0.8 

25724 

Dm.  20 

V.  Blight. 

V.aUght. 

.08 

3.10 

0.86 

.0000 
>.0006 

1 

1 

.0014 
.0008 

.0012 
.0060 

.0002 
.0000 

.12 
.13 

.0000 
.0020 

.oooJ 

.OOOM 

.07 
.21 

0.0 

Av... 

.IS 

8.04 

0.07 

0.7 

Odor  of  No.  22668,  fUntly  ▼egetable ;  of  No.  28007,  dlatlnotly  ▼egetable;  of  the  othera,  none. 

Microscopical  Examination. 

Ad  Inatgnlfioaiit  number  of  organiama  waa  foand  in  each  of  theae  aamplea  ezoept  In  the  aample 
ooUeeted  In  July.  In  whleh  there  were  2,872  Dlnobryon  per  oabio  centimeter. 


Water   Supply  of  Palmeb  Fire  District,  Palmer.  —  Palmer 

Water  Company. 

The  source  of  supply  is  a  small  brook  in  Palmer,  upon  which  two 
storage  reservoirs  have  been  constructed.  The  upper  storage  reser- 
voir has  an  area  of  4  acres,  a  maximum  depth  of  15  feet  and  a  capac- 
ity of  6,000,000  gallons.  The  lower  reservoir,  which  is  situated 
a  short  distance  below  the  upper  reservoir,  has  an  area  of  three- 
quarters  of  an  acre,  a  general  depth  of  4  or  5  feet  and  a  storage 
capacity  of  2,000,000  gallons.  The  bottom  and  sides  of  the  reser- 
voirs are  covered  with  sand.  Water  for  the  supply  of  the  town  is 
drawn  from  the  lower  reservoir. 
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PAIiMER, 

Chemical  Examination  of  Water  from  the  Tipper  Reservoir  of  the  Palmer  Water 

Company, 

[Puts  per  100,000.] 


I 
i 


a 

6 
I 


28841 
2407S 
24850 
26400 


Av. 


Hay  81 
July  27 
Sept.  28 
Nov.  28 


ArPMAMJLMCM, 


I 


Dedded. 
Deelded. 
Blight. 
V.eUght. 


Oonft. 
SUght. 
V.eUght. 
V.eUght. 


I 


.61 
.86 
.87 
.80 


.88 


ReeiDUs  OS 

EVAPOIA- 
TIOM. 


I 


8.60 
4.00 
4.40 
8.06 


8.80 


1.66 
2.10 
1.60 
1.16 


l.( 


AmonA. 


I 


Albmnlnotd. 


.0004 
.0002 
.0006 

.0002 


.0006 


.0188 


I 

1 


t 


a 

00 


.02261.0196 
.0178 
.0180  .01881 
0084.0076 


.0147 


.0000 
.0064 
.0042 
.0006 


.0041 


I 


.10 
.16 
.11 


.12 


HlTBOOSV 

Ae 


» 


I 


.0010 
.0060 


.0080 


.0040 


.OlOOl.OOOO 
.0000 
.0000 

.0000< 


.0000 


a 

e 
o 

a 

N 

o 


i 


B 


.46 
.88 

.48 
.27 


0.^ 
1.0 
1.1 
0.» 


0.8 


Odor  of  No.  28841,  dieilnotly  maety,  becoming  aleo  nnpleeeent  on  heating;  of  the  othere,  Togelahle. 

Chemical  Examination  of  Water  from  the  Lotoer  Reeervoir  of  the  Palmer  Water 

Company, 

[Pnrte  per  100,000.] 


a 

a 


1 

8 


22010 
22638 
28842 
24078 
24861 
25470 


lS»g. 

Jan.  i7 

Mar.  28 
May  81 

July  27 
Sept.  28 
Nov.  28 


Appbaxavos. 


^ 

€ 


i 


SUght. 

V.eUght. 

SUght. 

Decided. 

SUght. 

V.eUght. 


V.eUght. 

Slight. 

Cone. 

SUght. 

V.eUght. 

V.eUght. 


Av. 


.20 
.25 
.60 
.80 
.86 
.86 


.88 


RseiDus  ov 

KVAPOBA- 
TIOM. 


S 


I 


2.60 

2.60 

8.66' 

4.85 

4.05 

8.55 


8.46 


1.00 
0.86 
1.50 
1.60 
1.50 
1.65 


1.85 


AmioinA. 


i 


.0014 
.0016 
.0004 
.0006 
.0004 
.0010 


.0009 


AlbamlnoM. 


I 


1 


a 


.0060 
.0086 
.0186 
.0170 
.0188 
.0114 


.0126 


.0046 
.0076 
.0008 
.0126 
.0144 
.0000 


.0007 


.0014 
.0010 
.0088 
.0044i 
.0044 
.0024 


.0020, 


8 


.16 
.18 
.18 
.11 
.16 
.10 


.18 


NtlXOOKV 


■ 

8 

I 


•c 


.0040 
.0000 

.0090 
.0010 
.0020 
.0040 


.0022 


.0000 

.0000 
.0000 
.0000 
.0006 
.0000 


.0001 


I 

a 

I 

e 

I 


a 


.21 


1.1 
0.6 
1.0 
0.6 

.40  1.0 

.82j  0.6 

< 
.80  0.8 


Odor  of  No.  28842  dietlnetly  mnety,  becoming  aleo  nnpleaaant  on  heating;  of  the  eChere,  vegetable. 
-Noe.  22010  and  22688  were  eoUected  from  a  fanoet  in  the  town,  and  the  othere  from  the  reeervoir. 


Water  Supply  of  Peabody. 

The  sources  of  supply  are  Spring  and  Brown  ponds  in  Peabody. 
Spring  Pond  has  an  area  of  about  70  acres  and  a  water-shed 
of  0.25  of  a  square  mile,  which  contains  a  population  of  80  per 
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FEABODT. 

square  mile.  Brown's  Pond  has  an  area  of  about  35  acres  and  a 
water-shed  of  0.63  of  a  square  mile,  which  contains  a  population 
of  130  per  square  mile.  Water  from  these  ponds  flows  to  a  small 
reservoir  known  as  the  lower  basin,  from  which  it  is  pumped  to  a 
stand-pipe.  The  water  of  each  of  these  ponds  has  been  aficcted 
at  times  by  the  presence  of  large  numbers  of  the  organism  Uroglena. 

Chemical  Examination  of  Walter  from  BrowrCe  Pond^  Feabody. 

[Pftrti  per  100,000.] 


I 


3 

I 


21885 
22493 


28834 

24607 
26367 


Av. 


Jao.  11 
Mar.  8 
May  9 
Jaly  11 
Sept.  12 
Nov.  14 


Appsasahcb. 


I 


I 


Slight. 
Slight. 
Slight. 
Slight. 
V.  slight. 
V.  slight. 


Coos. 

Blight. 

Coos. 

Slight. 

Slight. 

Blight. 


.17 
.19 
.20 
.20 
.20 
.24 


.20 


Kbsiddb  on 

£rAPORA- 
TIOH. 


& 


8.36 
8.05 
2.66 
2.80 
2.55 
2.00 


2.87 


ca2 


i 


1.65 
1.25 
1.10 
1.40 
1.46 
1.06 


1.80 


AjncoHiA. 


AlbaoiiDoid. 


.0016 
.0010 
.0004 
.0006 
.0004 
.0008 


.0008 


.0204 
.0126 
.0148 
.0228 
.0214 
.0182 


.0188 


I 

I 

s 


.0180 
.0112 
.0104 
.0102 
.0176 
.0156 


.0158 


00 


.0084 
.0014 
.0044 
.0080 
.0088 
.0026 


.0080 


I 


NZTBOOBN 


,86 

.56 
,67 
62 
,52 
60 


65 


I 


J 

s 


.0110 
.0070 
.0060 
.0010 
.0000 
.0010 


.0048 


.0000 
.0000 
.0001 
.0000 
.0000 
.0000 


.0000 


.28 
.26 
.28 
.88 
.80 


.81 


8 


1.0 

1.1 

0.5 
0.6 
0.6 
0.6 


O.T 


Odor,  none.    On  heating,  the  odor  heoame  faintly  vegetable  and  mnsty  or  moaldy. 


Chemical  Examination  of  Water  from  Spring  Pond^  Peabody. 

[Parts  per  100,000.] 


1 
1 

ArPBAKAjrOB. 

Rbsipub  OB 

EVAPOBA- 
TIOB. 

Ammohll. 

.81 

.74 
.76 
.78 
.72 
.70 

.74 

KrrBOOBH 

AS 

1 

o 

1 

1 

4i 

1 

1 

• 

1 

1 

Albuminoid.     | 

^ 

i 

Jl 

1 

• 

s 

t 
1^ 

& 

21834 
22402 
28086 
23836 

24ai)« 

26888 

ia»s. 

Jan.  11. 
ICar.  8. 
May    9. 
Joiy  11. 
SepcU. 
Nov.  14. 

Slight. 
SUght. 
BUght. 
Slight. 
V.  slight. 
V.  alight. 

Cons. 

Cods. 

Cons. 

V.  slight. 

Cons. 

Slight. 

.06 
.06 
.06 
.04 
.07 
.08 

4.16 
8.75 
8.75 
4.00 
8.80 
4.80 

1.26 
1.80 
1.40 
1.86 
1.26 
1.80 

.0010 
.0000 
.0000 

.0084 
.0014 
.0084 

.0106 
.0148 
.0182 
.0164 
.0102 
.0180 

.0148 
.0114 
.0118 
.0152 
.018u 
.0112 

.0120 

.0018 
.0084 
.0064 
.0012 
.0082 
.0018 

.0080 

.0020 
.0070 
.0020 
.0000 
.0010 
.0020 

.0028 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 

.18 
.14 
.19 
.16 
.28 
.15 

^▼.^^ 

.06 

8.06 

1.80 

.0084 

.0150 

.17 

1.4 

Odor  of  the  first  three  samples,  distinctly  monldy  or  mnsty  and  nnpleasant,  beeoming  In  May  alio 
fUhy  oo  faeatinc;  of  the  fourth,  none;  of  the  last  two,  none,  beeoming  mnsty  or  nnpleasant  on  heating. 
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PSMBBOKB. 


Pembroke. 


Chemical  Examination  of  Water  from  Silver  Lake^  in  Pembroke,  eoUecUd  near  the 

Surface. 

[Parts  per  100,000.] 


Kbsidcb  ok 

■ 

APPKXXJlllCS. 

EVAPOBA- 

AmOKIA. 

NiTBOOSH 

l 

1 
1 

TIOH. 

6 

i 

▲8 

B 

8 

1 

1 

1 

1 

i 

Loss  on 
Ignition. 

1 

Albamlnold.    1 

1 

1 

s  1 

^ 

£ 

1 

i 
1 

S 

• 

1 

09 

• 

! 
1 

a 

1808. 

21874 

J«n.  17 

V.  Blight. 

Slight. 

.07 

8.66 

0.90 

.0000 

.0118 

.0112 

.0006 

.70 

.0010 

.0000  1.19 

0.8 

22001 

Feb.    8 

V.  Blight. 

Blight. 

.08 

8.86 

0.96 

.0004 

.0128 

.0104 

.0024 

.69 

.0060 

.0000  .21 

1.1 

22429 

Mar.    2 

V.allght. 

V.  slight. 

.09 

2.76 

0.90 

.0002 

.0114 

.0096 

.0018 

.67 

.0080 

.0000, .28 

0.8 

22766 

Apr.    6 

V.  slight. 

Blight. 

.09 

2.70 

1.00 

.0000 

.0112  .0092 

.0020 

.66 

.0000 

.0000  .20 

1.8 

28120 

May  11 

y.  slight. 

V.  slight. 

.22 

8.26 

1.20 

.0010 

.0106.0098 

.0008 

.69 

.0000 

.0000  ,.86 

0.6 

28808 

June   1 

V.  slight. 

Blight. 

.27 

2.96 

0.96 

.0010 

.0176.0146 

.0030 

.64 

.0010 

.0000  1.88 

0.6 

23814 

Jnly    6 

V.  slight. 

Slight. 

.16 

2.80 

2.10 

.0006 

.0142  .0182 

.0010 

.68 

.0030 

.0000 

.80 

0.6 

24146 

Aug.   2 

V.  slight. 

Blight. 

.19 

2.90 

1.20 

.0016 

.0160  .0112 

.0048 

.62 

.0000 

.0000 

.80 

0.6 

24644 

8ept.  6 

None. 

V.  slight. 

.20 

8.10 

1.16 

.0006 

.0168  .0128 

.0040 

.00 

.0000 

.0000 

>.8« 

0.6 

24026 

Oct.     6 

V.  slight. 

V.  slight. 

.17 

3.06 

1.26 

.0000 

.0118.0092 

.0026 

.09 

.0000 

.0000 

.29 

0.6 

26246 

Nov.    2 

V.  slight. 

Slight. 

.20 

8.50 

1.26 

.0000 

.0108.0092 

.0016 

.69 

.0010  .0000 

.88 

0.6 

86649 

Dec.    6 

V.  slight. 

Biight. 

.20 
.16 

8.86 

1.80 

.0004 
.0006 

.0184.. 0174 
.0186  -Ollfi 

.0010 
.0021 

.68 
.64 

.0000 

.0000 

.86 

0.0 

Av... 

2.98 

1.18 

.0007 

.0000 

-.87 

1 

0.7 

Odor,  generally  none.    A  faintly  vegetable  odor  was  developed  in  most  of  the  samples  on  heattng. 
-The  samples  were  collected  from  the  lake,  off  Qnnnera*  Point. 


Chemical  Examination  of  Water  from  Silver  Lake,  in  Pembroke,  coUeeted  near  (he 

Bottom, 

[Parts  per  100,000.] 


81876 
22062 
22430 
22766 
28068 
88869 
28816 
84147 
24646 
84927 
26247 
86660 


Av. 


18»8. 

Jan.  17 

Feb.  8 

Mar.  8 

Apr.  6 

May  4 

June  1 

Jnly  6 

Ang.  8 

Sept.  0 

Oct.  6 

Nov.  8 

I>ec.  e 


Appiabaxcb. 


V.  slight. 
Blight. 
V.  slight 
V.  slight. 
V.  slight. 
V.  slight. 
V.siight. 
Blight. 
V.  slight. 
Blight. 
V.  slight. 
V.  slight. 


Biight. 

Cons. 

Slight. 

Slight. 

V.siight 

Slight. 

Cons. 

Slight. 

V.siight 

V.siight. 

Blight. 

Slight. 


a 


.07 
.08 
.10 
.10 
.18 
.27 
.18 
.18 
.17 
.18 
.19 
.30 


.18 


RastnuB  ov 

£VAPOBA> 
TIOK. 


2.60 
8.00 
2.70 
8.00 
8.00 
8.10 
8.10 
8.46 
8.86 
8.86 
8.26 
8.00 


8.06 


n 


I 


0.96 
0.90 
0.90 
1.10 
1.86 
1.00 
1.86 
1.16 
1.20 
1.26 
1.26 
1.85 


1.15 


AanionA. 


I 


Albuminoid. 


.0002 
.0000 
.0002 
.0000 
.0002 
.0006 
.0084 
.0020 
.0000 
.0000 
.0000 
.0000 


.0005 


.0122 
.0114 
.0104 
.0114 
.0180 
.0168 
.0116 
.0118 
.0104 
.0102 
.0112 
.0080 


.0116 


.0104 
.0094 
.0096 
.0108 
.0180 
.0144 
.0096 
.0086 
.0094 
.0078 
.0100 
.0064 


.0098 


•I 


.0018 
.0020 
.0008 
.0012 
.0010 
.0024 
.0020, 
.0026 
.00101 
.0084} 
.00121 
.0016 


.0017 


6 

a 

I 


.69 
.68 
.67 
.66 
.64 
.66 
.66 
.69 
.69 
.70 
.68 
.68 


.64 


NtTBOOBS 
AB 


i 


i 


.0010 
•0000 

.0080 
.0020 
.0090 
.0000 
.0020 
.0010 
.0080 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.00001 
.0001 

.ooooi 


.0000.0000 

.0010:  .0000 

.0000.0000 


.0012 


§ 


.19 
.88 
.28 


.87 
.88 

.80 


i 


0.8 
1.1 
0.8 
1.3 
0.6 
0.6 
0.8 
0.6 
0.0 
0.6 
0.6 
0.6 


0.7 


Odor,  generally  none.    A  faintly  vegetable  odor  was  developed  In  moet  of  the  samplea  oo  heatiBg* 
-The  samples  were  collected  from  the  lake,  off  Oanners*  Point. 
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Chemical  ExaminaUon  of  Water  from  Oldham  Pond. 

[Parts  per  100,000.] 




RasiDca  OK 

• 

d 

AFTBAXAllOa. 

EVAPoajL- 

AxtfLoaiA, 

NinoosK 

"8 

1 

Tiosr. 

• 

1 

A8 

s 
a 

• 

1 

•: 

, 

• 

§1 
1 

m 

1 

Albamlnold.     | 

1 

• 

s 

5 

^» 

1 

t 
1 

• 

1 
o  ^ 

1 

a 

» 

ft 

P 

o 

H 

Pn 

t* 

Q 

tXi      • 

O 

i^ 

» 

o 

a 

18»S. 

22007     Feb.    7 1 

SUffht. 

Cona. 

.80 

8.60 

1.46 

.0056 

.0222 

.0178 

.0044t 

.72 

.0080 

.0000 

.84 

1.8 

22499 

Mar.    8 

V.  slight. 

CoDa. 

.85 

8.90 

1.40 

.0008 

.0198 

.0166 

.0082 

.63 

.0000 

.0000 

.88 

0.5 

22787 

Apr.  10 

V.  slight. 

Slight. 

.86 

8.40 

1.86 

.0006 

.0126 

.0006 

.0080 

.65 

.0000 

.0000 

.39 

1.0 

2S(W7 

May    0 

V.  Blight. 

CoDa. 

.00 

8.20     1.45 

.0002 

.0192 

.0172 

.0020 

.66 

.0020 

.0002 

.60 

0.5 

234U     Jnoe    0 

None. 

V.  slight. 

.65 

8.80 

2.00 

.0012 

.0204 

.0184 

.0020) 

.63 

.0020 

.0000 

.49 

0.8 

S3S43 

Jnly  11 

Slight. 

Slight. 

.80 

4.25 

2.86 

.0006 

.0244 

.0206 

.0086 

.61 

.0010 

.0000 

.46 

0.6 

24180 

▲uff.   7 

V.  alight. 

Slight. 

.88 

4.10 

2.15 

.0010 

.0222 

.0190 

.0082' 

.59 

.0010 

.0000 

.46 

0.5 

2400S    Sept.  11 

I  Slight. 

V.  Blight. 

.88 

8.85 

1.55 

.0010 

.0240 

.0204 

.00861 

.50 

.0000 

.0000 

.54 

0.6 

24957 

Oct.  10 

v.  alight. 

V.  Blight. 

.30 

8.00 

1.70 

.0000 

.0198 

.0172 

.0026 

.62 

.0010 

.0000 

.55 

0.6 

25S11 

Soy.   8 

iV.allsht. 
Deelded. 

y.  Blight. 

.40 

8.86 

1.70 

.0006 

.0216 

.0202 

.0014 

.55 

.0010 

.0000 

.50 

0.5 

25575    Dm.    7 

COOB. 

.40 

8.75 

1.60 

.0002 
.0011 

.0194 
.0205 

.0138 
.0174 

.0056 
.0081 

.61 
.61 

.0010 
.0011 

.0000 
.0000 

.53 

0.8 

A...J 

.41 

8.78 

1.70 

.47 

0.6 

1 

Odor,  ▼ageCabla  or  none.  — -  The  Bamplea  were  ooUecteii  from  the  pond,  at  Ita  ontlet. 


Water  Supply  of  Pepperell. 

The  advice  of  the  State  Board  of  Health  to  the  selectmen  of  Pep- 
perell, relative  to  a  proposed  water  supply  for  the  town,  may  be 
found  on  pages  46  to  49  of  this  volume. 

The  results  of  chemical  analyses  of  samples  of  water  collected 
during  the  investigations  are  given  in  the  following  tables  :  — 


Chemical  ExamiruUian  ofWaUrfrom  UnqueUnasaeU  Brook  in  Fepperell, 

[Parte  per  100,000.] 


JS 

a 


a 

s 

m 
A 


24628 
24624 
26904 


Sept.  6 
Sept.  6 
Nov.  7 


Affbabaick. 


g 


a 


Slight. 
Sttffht. 
V.  alight. 


V.allght. 

Slight. 

V.allght. 


.87 
.48 
.78 


BaaiDua  osr 
£tapoba- 

TIOV. 


a 


I 


6.66 
7.40 
6.15 


1.86 
2.80 
2.46 


Ammohia. 


.0010 
.0010 
.0000 


AlbamlDold. 


I 
I 


I 


.0100 
.0160 
.0166 


.0082 
.0184 
.0166 


.0018 
.0026 
.0002 


.20 
.20 
.19 


NiTaooBX 
Aa 


e 


i 
s 


.0160 
.0170 
.00101 


.0000 
.0000 
.0000 


a 

a 


a 


.42 

.58 
.74 


2.0 
2.7 
2.6 


OdoT  of  the  flret  two  eamplee,  none;  of  the  laat,  faintly  vegetable.  —— The  flrat  eample  waa  coU 
keted  at  a  point  about  2  mllee  above  Cnmmlngi*  Mill;  the  laet  two  aamplea,  at  a  plaee  abont  three- 
qnaiteis  of  a  mile  above  Gnnioilnge'  MUL 


308 


STATE  BOAED  OF  HEALTH.         [Pub.  Doc. 


PKFFBREIili. 

Chemical  Examination  of  Water  from  Springs  in  the  VaUey  of  Unquetenasseti 

Brookf  in  PeppereU, 

[Pftits  per  100,000.] 


I 

a 


^8 

I 


24448 
24621 
246S2 


1898. 

8ept.  5 
Sept.  5 


APTBABAIIOB. 


None. 

V.eUght. 

V.tUght. 


eitgbt. 

V.elfgfat. 

V.eUght. 


.08 
.02 
.18 


si 


j 


4.80 
0.80 
0.20 


AmioiiiA. 


I 


1 


.0004 
.0000 

.0014 


•0080 
.0010 
.0080 


.14 
.88 
.2T 


KiTBOOBH 


I 


.0210 
.0660 
.0200 


i 

I 


.0000 
.0000 
•0002 


'I 


a 


•n 

.06 


* 

! 


2.0 
2.9 
2.6 


I 


.0100 
.0100 
.0100 


Odor,  none.— —The  Ant  sample  wee  ooUected  from  a  Urge  spring  on  the  easterly  aide  of  Uoque- 
tenassett  Brook,  not  far  from  Baraloek  Hill;  the  second  sample  was  ooUeeted  from  a  spring  on  the 
westerly  side  of  Unqnetenassett  Brook,  near  the  **  willows"  and  about  1\4  miles  above Cammings*  lilll; 
the  third  sample  was  eoUeoted  from  a  spring  on  the  easterly  side  of  the  brook,  about  half  a  mile  above 
the  *' willows*'  spring. 


Chemical  Examination  of  Water  from  Test  Wells  in  the  Valley  of  Unquetenassett 

Brook,  in  PeppereU, 

[Paris  per  100,000.] 


I 


^ 


24440 
24460 

26806 
24461 


I 


18»9. 

Aug.  26 

Aug.  26 
Nov.  7 
Aug.  26 


Appcabahcb. 


I 


Decided, 

milky. 

V.sUght. 

V.  alight. 

Decided, 
milky. 


Slight. 
Slight. 
V.sUght. 
Heavy. 


.04 
.14 

.10 
.20 


I 

si 
II 


4.40 
6.00 
6.60 
0.00 


Ammoitli. 


I 


.0000 
.0080 
.0022 
.0028 


< 


I 


.0010 
.0020 
.0012 
.0086 


.16 
.18 
•18 
.16 


KmooBv 


1 

S 


.0820 
.0100 
.0020 
.0010 


.0006 
.0080 
•0000 
.0000 


I 


.00 
.04 
.04 
.00 


i 


i 


1*9 
2.6 
S.6 
2.S 


.1460 

•0170 


Odor,  none.  — —  The  samplee  were  oolleeted  from  teet  wells  looated  olose  to  TJoquetenseseit  Brook. 
at  the  highway  crossing  about  three^iuarters  of  a  mile  above  Cummlngs'  Mill.  No.  24440  was  oolleeted 
from  well  No.  11 ;  Nos.  24460  and  26806  from  well  No.  18;  and  No.  24461  from  weU  No.  14.  WeU  No  U 
was  located  just  below  the  highway,  and  the  others  Just  above  It. 


Water  Supply  of  Pittsfibu). 

The  sources  of  sapply  are  four  moantaio  streams,  known  as 
Sackety  Ashley,  Hathaway  and  Mill  brooks,  and  a  pond  called  Ash- 
ley Pond,  situated  near  the  head  waters  of  Ashley  Brook.  Ashley 
Pond  has  an  area  of  90.2  acres  and  its  drainage  area  is  0.71  of  a 
square  mile.     It  was  originally  a  natural  pond,  the  level  of  which 
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FITTSFIELD. 

has  been  considerably  raised  by  a  dam  at  the  outlet.  An  auxiliary 
supply  is  at  times  obtained  by  pumping  from  Sacket  Brook,  below 
the  reservoir,  not  far  from  the  mouth  of  the  brook. 

Chemical  ExaminaUan  of  Water  Jram  Sacket  Brooke  PiUsfleld. 

[Parte  per  100,000.] 


Averag*  of  four  Minplei  oollectod  in 
Maroh,  June,  October  and  December, 
1898. 


a 


.Vi 


Rkbiddb  OS 

KVAPORA- 
TIOH. 


5.70 


r 


1.84 


Ammohia. 


I 


Albuminoid. 


.0004 


.0081 


-9 


.0070 


00 


.0011 


a 

s 

e 


.08 


NmoGSK 

A0 


I 


Jl 


.0087 


.0000 


B 

s 

s 

8 

a 
& 

O 


.22 


4.2 


Odor  in  Mareh»  falstiy  earthy;  at  other  tlmee,  none. 

Chemical  Examination  of  Water  from  Sacket  Brook  in  the  Vicinity  of  the  Pump- 
ing Station  of  the  FiUsfield  Water  Works, 

[Parte  per  100,000.] 


i 

RaeiDUs  OK 
EvArotA- 

TIOS. 

AmioiaA. 

• 

1 

.07 

KZTROOBK 
Al 

• 

1 

B 

s 

e 
o 

g 

M 

o 

1 

• 

1 

Albuminoid. 

1 
1 

i 

1 

1 

it 

t 

c 
3 

Average  of  fonr  eamplee  collected  In 
HaiT,h,  June,  October  and  December, 
18M. 

.11 

8.62 

1.80 

.0008 

.0068 

.0046 

.0011 

.0166 

.0000 

.16 

7.0 

Odor  In  Oetoher,  none;  at  other  times,  none,  becoming  Tcgetable  or  mnsty  <mi  heating. 


Chemicdt  Exemiination  of  Water  from  Ashley  Brook^  Pittsjield. 

[Parte  per  100,000.] 


Aferago  of  four  aamplee  collected  In 
Hareh,  Jane,  October  and  Decen- 


i 

s 


.17 


lUSIDDI  OS 

Btapoba- 

TIOV. 


I 


81 


J 


6.7S 


1.70 


AXXOSlA. 


.0008 


Albuminoid. 


IS 

> 


.0088 


.0008 


.0008 


a 

I 


.or 


Nmoon 


i 
I 


.0122 


i 

5 


.0000 


1 


e 
I 

o 


i 

n 


.286.1 


Odor, 
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Chemical  Examination  of  Water  from  Hathaway  Brooke  Pittsfield, 

[Pftrts  per  100,000.] 


o 

8 


Average  of  four  aamplee  collected  Id 
March*  June,  October  »nd  Deoember, 

lb08. 


.09 


Bbbxdds  on 

EVAPOBil- 
TIOS. 


^ 


8.04 


1.00 


AmonA. 


I 


.ooos 


Albominold. 


g 


I 


I 
si 


.0046.0048 


.0008 


a 

Q 


.08 


NlTBOOBH 


i 


.0100 


.0000 


7 

8 


O    = 


.U6.8 


Odor,  none.   On  heetlog,  a  faintly  mnaty  odor  waa  developed  In  the  Jnne  aample. 

Chemical  Examination  of  Water  from  Mill  Brook,  Fittsfield. 

[ParU  per  100,000.1 


6 


Average  of  fonr  aamplea  collected  in 
March,  Jane,  October  and  December, 
1808. 


.06 


RsaiDDS  on 

SVAPORA- 
TIOV. 


I 


H 


i 


4.48 


1.04 


AmionA. 


Albuminoid. 


I 


a 

I 

^1 

00 


.0004 


.0043  .0040  .0008 


8 


.08 


NirnooBV 

Afl 


I 


5 


.0000 


.00001 


B 


I!. 

M 


io  a 


.188.0 


Odor,  none. 


Water  Supply  of  Plymouth. 

The  sources  of  supply  are  Little  South  and  Great  Soutii  ponds  in 
Plymouth. 

Little  South  Pond  has  an  area  of  64  acres.  Great  South  Pond 
has  an  area  of  325  acres,  and  is  connected  with  Little  South  Pond 
by  an  artificial  channel.  The  soil  of  the  lands  about  these  ponds  is 
grarelly  and  porous,  and  it  is  probable  that  water  from  Boot  Pond, 
which  is  situated  near  Great  South  Pond,  finds  its  way  into  the 
latter  at  times  through  the  ground.  A  considerable  number  of 
summer  cottages  is  situated  on  the  shores  of  each  of  these  ponds, 
but  there  is  no  permanent  population  on  the  water-shed*  Lout 
Pond,  located  about  half  way  between  Little  South  Pond  and  the 
village  of  Plymouth,  near  the  high-service  pumping  station,  has 
been  used  as  a  source  of  supply. 
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The  water  of  these  ponds  is  usually  of  excellent  quality,  but  the 
water  of  Little  South  Pond,  from  which  the  supply  is  drawn  directly, 
has  been  affected  on  several  occasions  by  large  growths  of  the  organ- 
ism Uroglena  during  the  winter  months. 

Chemical  Examination  of  Water  from  LiUU  South  Pond^  Plymouth, 

[Pftrto  per  100,000.] 


• 

1 

1 

Afpbabavob. 

RK81DDB  09 

EVAPOIA- 

TIOK. 

Ammonia. 

6 

s 

.71 

KlTHOOBV 
AS 

9 

1 

3 

^ 

1 

5 

Loss  on 
Ignition. 

1 

Albuminoid. 

1 

1 

^ 

• 

1 

Sus- 
pended. 

s 

«) 

c 

81881 

Jan.  18 

V.aUghi. 

Slight. 

.03 

3.50 

1.00 

.0020 

.0161 

.0146 

.0018 

.0010 

.ooool 

.10 

0.6 

228M 

Mar.    1 

V.  alight. 

V.  alight. 

.03 

8.80 

0.85 

.0084 

.0150 

.0182 

.0018 

.67 

.0000 

.0000 

.13 

1.1 

23806 

Apr.  12 

SUghW 

V.Bllght. 

.04 

3.00 

0.80 

.0014 

.0116 

.0102 

.0014 

.64 

.0000 

.0000 

.12 

0.5 

38184 

May  17 

V.  slight. 

Slight. 

.04 

1.00 

0.60 

.0014 

.0188 

.0138 

.0010 

.67 

.0000 

.0000 

.12 

0.8 

8S418 

Jaoe   7 

None. 

V.Bllght. 

.08 

3.85 

0.65 

.0008 

.0108 

.0092 

.0016 

.66 

.0000 

.0000 

.12 

0.2 

33850 

July  12 

Slight. 

SUght. 

.04 

3.70 

1.15 

.0004 

.0186 

.0146 

.0040 

.67 

.0010 

.0000 

.18 

0.8 

3I2S06 

Aug.   9 

V.  Blight. 

V.  Blight. 

.08 

3.65 

1.80 

.0006 

.0176 

.0140 

.0080 

.60 

.0000 

.0000 

.11 

0.0 

346U 

Sept.  13 

V.  Blight 

Slight. 

.06 

3.20 

0.65 

.0002 

.0162 

.0134 

.0088 

.66 

.0020 

.0000 

.18 

0.0 

SI060 

Oet.  11 

V.  alight. 

Slight. 

.03 

3.70 

1.25 

.0002 

.0158 

.0130 

.0082 

.66 

.0000 

.0000 

.18 

0.5 

81887 

Nov.   8 

V.BllghU 

Slight. 

.00 

3.60 

1.85 

.0000 

.0150 

.0136 

.0024 

.50 

.0010 

.0000 

.18 

0.0 

8M05 

Dae.  18 

V.Bllght. 

V.BUght. 

.08 

2.75 

1.00 

.0006 
.0000 

.0183 
.0148 

.0106 
.0136 

.0086 
.0082 

.81 
.68 

.0000 

.0005 

.0000 
.0000 

.14 
.18 

0.8 

At... 

.06 

3.41 

0.06 

0.8 

Odor,  oceasionally  faintly  vegstable  or  musty ;  at  other  times,  none.  On  heating,  the  odor  beoame 
vegetable  and  musty  and  sometlmee  flahy  or  oily. 

Wateb  Supply  of  Provincetown. 

At  the  beginning  of  the  year  1898,  the  source  of  supply  was  a 
system  of  six  five-inch  tubular  wells,  driven  in  loose,  sandy  soil  to 
an  average  depth  of  about  28  feet.  The  water  obtained  from  these 
wells  contained  a  very  large  quantity  of  iron.  Early  in  1898  the 
water  board  constructed  a  large  open  basin  to  collect  the  water 
from  the  ground,  and  since  March  the  water  for  the  supply  of  the 
town  haa  been  drawn  entirely  from  this  source,  and  the  driven 
wells  have  been  abandoned.  During  the  first  months  that  the  water 
was  drawn  from  this  basin  the  amount  of  iron  in  the  water  was 
comparatively  small,  but  the  quantity  of  iron  present  increased 
steadily,  and  at  the  end  of  the  year  about  as  much  iron  was  found 
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in  the  water  of  the  basin  as  was  formerly  found  in  the  water  drawn 
from  the  tubular  wells. 


Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Provincetown 

Water  Works, 

[Parts  per  100,000.] 


J 
1 

Appkabamob. 

• 

u 

1 

AmoKiA. 

d 

KlTBOOBV 
▲8 

i 

B 

o 

i 

1 

1 

t 

■4 

^ 

1 

i^ 

•< 

• 

1 

1 

1 

21776 
22080 
22460 

1SB8. 

Jan.     6 

Feb.    7 
Mar.    2 

Decided. 
Decided. 
Decided. 

Cons. 
Cons. 

Slight. 

2.60 

1.76 
2.12 

10.00 

9.60 

10.00 

.0164 
.0140 
.0114 

.0124 
.0102 
.0124 

2.26 
2.82 
2.66 

.0080 
.0060 
.0020 

.0000 
.0001 
.0001 

.74 
.78 
.66 

6.0 
8.6 
2.9 

.7600 
.6000 
.8800 

^v... 

0.88 

.0186 

.0117 

2.41 

.0068 

.0001 

.78 

8.8 

.6467 

Odor,  none.    A  faintly  earthy  odor  was  developed  in  the  first  two  samples  on  heating, 
samples  were  collected  from  a  fanoet  at  the  pumping  station. 


Ths 


Chemical  Examination  of  Water  from  the  Open  Basin  of  the  Provincetown  Water 

Works, 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appbabavob. 

• 

g| 

1 

AjfHOHIA. 

KiTBOOBK 
AS 

Oxygen 

Consomed. 

1 

to 

1 

1 

• 

t 

|1 

1 

8 

1 

22702 

ISBS. 

Apr.   1 

Decided. 

Oons. 

» 

9.40 

.0002 

.0164 

2.76 

.0070 

.0000 

.68 

2.2 

.2860 

23071 
28416 

May    4 

Jane  6 

Decided, 
milky. 
Slight 

Oons. 
Slight. 

0.70 
0.66 

8.60 
10.00 

.0016 
.0008 

.0184 
.0182 

2.80 
2.67 

.0040 
.0080 

.0001 
.0008 

.61 
.48 

2.2 
1.4 

.1900 
.0400 

28819 

July    6 

Slight. 

Slight. 

0.40 

8.60 

.0010 

.0106 

2.68 

.0060 

.0001 

.60 

1.8 

.0200 

24168 

Ang.  8 

Slight. 

Slight. 

0.82 

8.20 

.0082 

• 

.0268 

2.20 

.0040 

.0000 

.64 

1.1 

.0470 

24677 
24928 
26282 

Sept.  7 
Oct.     6 
Nov.   7 

Decided, 
milky. 

Decided, 
milky. 

Decided. 

Oons. 

Slight. 

Heavy. 

0.70 
0.90 
1.10 

8.90 

9.00 

12.10 

.0008 
.0062 
.0182 

.0104 
.0166 
.0148 

2.87 
2.18 
2.64 

.0010 
.0080 
.0060 

.0000 
.0003 
.0002 

.01 
.78 
.76 

1.6 
2.6 
2.6 

.1600 
.2080 
.1800 

26466 

Not.  21 

Decided. 

Heavy. 

0.90 

10.00 

.0016 

.0188 

2.42 

.0080 

.0000 

.78 

2.T 

.6600 

26682 

Deo.   7 

Decided. 

Heavy. 

0.60 

U.OO 

.0122 

.0122 

2.68 

.0010 

.0000 

.72 

8.0 

.4200 

26600 

i 

Deo.  19 

Decided. 

Heavy. 

0.70 
0.66 

11.60 

.0212 

.0186 

2.60 

.0060 

.0001 

.78 

8.1 

.4880 

Av.*. 

9.42 

.0064 

.0161 

2.60 

.0047 

.0001 

.62 

2.1 

.2288 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Odor,  none.    A  faintly  earthy  or 
>^— The  samples  were  oollected  from 


nnpleasant  odor  was  developed  la  some  of  the  samples  on  heating, 
the  open  baslo. 
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QXTIKCT. 

Watee  Supply  op  Quinoy. 

The  source  of  supply  is  a  storage  reservoir  on  Town  Brook. 
The  reservoir  has  an  area  of  46  acres,  a  maximum  depth  of  30  feet, 
an  average  depth  of  11  feet  and  a  storage  capacity  of  167,000,000 
gallons.  The  water-shed  of  the  reservoir  has  an  area  of  1.55  square 
miles,  which  contains  a  population  of  about  60  per  square  mile. 
There  is  a  considerable  area  of  meadow  and  swampy  land  on  the 
water-shed. 

The  city  of  Quincy  has  entered  the  Metropolitan  Water  District, 
and  the  reservoir  was  abandoned,  asa  source  of  supply,  Jan.  1, 1899. 


CkenUeal  Examination  of  Water  from  Toion  Brook,  just  above  the  Storage  Beservoir 

of  the  Quincy  Water  Works, 

[Paru  per  100,000.] 


Kksidus  ok 

• 

1 

1 

Afpsakaxob. 

£tapora- 

TIOM. 

Amxovia. 

NiTBOOBN 
▲8 

1 

m 

c 

1 

6- 

*i 

& 

^ 

• 

V 

• 

1 

Albuminoid. 

1 

1 

■ 

H 

■8 

CO 

» 

18*S. 

• 

2»Nn  jjan.   26 

V.aUght. 

Cods. 

0.4S 

8.80 

1.55 

.0002 

.0118 

.0114 

.0004 

.61 

.0100 

.000' '  0.45 

1.0 

22SSI 

Feb.  28 

Slight. 

Slight. 

0.87 

8.05 

0.90 

.0018 

.0114 

.0088 

.0026 

.48 

.0070 

.0000 

0.84 

0.8 

S26a 

ICar.  ao 

V.aHgbt. 

V.sUght. 

0.70 

8.55 

1.60 

.0012 

.0170 

.0160 

.0010 

.48 

.0080 

.0000 

0.62 

0.8 

12989 

Apr.  27 

V.sUght. 

• 

Slight. 

0.66 

8.25 

1.45 

.0002 

.0180 

.0122 

.0008 

.50 

.0020 

.0000 

0.58 

0.5 

23204 

May  26 

Dedded. 

Cons. 

1.86 

5.15 

2.75 

.0024 

.0826 

.0288 

.0088 

.55 

.0080 

.0001 

1.20 

1.0 

2S73S 

JaiM  29 

Blight. 

Cons. 

1.40 

7.05 

2.95 

.0072 

.0424 

.0858 

.0066 

.65 

.0080 

.0002 

1.08 

1.1 

MOM 

Jaly  27 

Slight. 

Slight. 

1.00 

5.85. 

2.40 

.0012 

.0820 

.0284 

.0086 

.52 

.0060 

.0001 

1.01 

1.0 

9/USO 

Aag.  80 

V.tllght. 

V.sUght. 

0.80 

5.05 

1.95 

.0014 

.0252 

.0228 

.0024 

.50 

.0070 

.0002 

0.78 

0.8 

2A768 

Sept.  20 

SHghi. 

BUgfat. 

0.78 

5.85 

2.25 

.0010 

.0270 

.0260 

.0010 

.72 

.0060 

.0000 

0.86 

0.6 

iftlS4 

Ooi.   26 

None. 

V.sUght. 

1.06 

5.50 

2.60 

.0006 

.0238 

.0102 

.0046 

.58 

.0080 

.0001 

1.25 

0.8 

25489 

Nov.  29 

V.sUght. 

V.sUght. 

0.88 

4.15 

1.25 

.0000 

.0086 

.0074 

.0012 

.67 

.0070 

.0000 

0.42 

1.0 

2A7« 

Dm.  27 

V.  ■light.  V.  slight. 

1 

0.86 
0.81 

8.60 

1.85 

.0000 
.0014 

.0072 
.0210 

.0068 
.0186 

.0004 
.0024 

.58 
.67 

.0120 

.0057 

.0001 
.0001 

0.88 
0.82 

0.6 

Av... 

4.57 

1.90 

0.8 

II 

Odor,  distinctly  vegetsble,  becomlDg  sometimes  also  musty  on  heating. 
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QUINCT. 

Chemical  ExamincUion  of  Water  from  the  Storage  Beservoir  of  the  Quincy 

Water  Works. 


[ParU  per  100.000.] 

• 

1 

Appbaiaws. 

RsaiDUB  OK 

Btapoba- 

TIOM. 

Ammohia. 

.74 

NXTBOOBH 

Aa 

• 

1 

1 

1 

1 

1 

§1 

r 

1 

Albuminoid.  | 

1 

S 

1 

H 

1 

Sus- 
pended. 

i 

1 

12008 

Jan.  26 

Decided. 

Oom. 

0.60 

4.00 

1.66 

.0064 

.0166 

.0146 

.0020 

.0180 

.0000 

.46 

l.t 

82822 

Feb.  28 

Decided. 

Slight. 

0.80 

8.00 

1.10 

.0086 

.0182 

.0116 

.0016 

.80 

.0060 

.0000 

.84 

0.8 

22686 

Mar.  80 

Slight. 

Oona. 

0.40 

8.86 

1.10 

.0010 

.0220 

.0144 

.0076 

.74 

.0260 

.0001 

.48 

0.8 

22000 

Apr.  27 

Slight. 

Slight. 

0.66 

8.26 

1.00 

.0006 

.0192 

.0142 

.0060 

.66 

.0060 

.0001 

.41  0.6 

28206 

May  25 

SUght. 

Cona. 

0.67 

8.70 

1.70 

.0028 

.0286 

.0184 

.0062 

.60 

.0060 

.0001 

.48  .  0.8 

28734 

June  20 

V.BlIght. 

Slight. 

0.00 

4.16 

1.60 

.0082 

.0686 

.0286 

.dOO 

.66 

.0000 

.0000 

.60  1  1.0 

24066 

July  27 

Slight. 

Slight. 

0.60 

4.60 

2.06 

.0022 

.0206 

.0258 

.0088 

.62 

.0000 

.ocool 

.64  1  0.8 

24481 

Aug.  80 

V.aUght. 

SUght. 

0.80 

4.60 

2.00 

.0016 

.0886 

.0282 

.0064 

.64 

.0010 

.0000 

.82 

0.8 

24764 

Sept.  26 

Decided. 

Oona. 

1.00 

4.00 

1.76 

.0112 

.0202 

.0248 

.0044 

.62 

.0010 

.0000* 

.66 

0.8 

S6186 

Oot.  26 

Dcddcd. 

Oons. 

0.76 

4.40 

1.66 

.0116 

.0284 

.0172 

.0062 

.62 

.0040 

.OOOOi 

.66  0.6 

25400 

Not.  20 

Slight. 

Slight. 

0.70 

4.16 

1.60 

.0068 

.0164 

.0186 

.0018 

.02 

.0070 

.0001 
.0002' 

1 

.67  0.8 

26770 

Deo.  27 

V.aUght. 

V.aUght. 

0.48 

4.06 

1.60 

.0084 

.0118 

• 

.0104 

.0014 

.60 

.0120 

.46  0.6 

1 
1 

Averages  by  Years. 


- 

1880 

. 

. 

0.01 

8.76 

1.19 

.0116 

.0808 

.0288 

.0066 

L68 

.0067 

.0008 

. 

• 

- 

1800 

- 

0.70 

4.66 

1.76 

.0086 

.0240 

.0178 

.0071 

.64 

.0166 

.0002 

- 

- 

1801 

- 

- 

0.70 

8.07 

1.60 

.0027 

.0274 

.0178 

.0006 

.60 

.0100 

.0000 

- 

- 

1802 

- 

- 

0.62 

4.07 

1.41 

.0061 

.0287 

.0176 

.0068 

.61 

.0096 

.0001 

- 

- 

1808 

- 

- 

0.66 

8.81 

1.61 

.0062 

.0218 

.0172 

.0046 

.61 

.0104 

.0001 

;•" 

- 

1804 

- 

- 

0.67 

4.26 

1.71 

.0020 

•0229 

.0167 

.0062 

.67 

.0068 

,! 
.0000  .60 

- 

1806 

- 

- 

0.66 

4.22 

1.77 

•0006 

.0801 

.0187 

.0114 

.66 

.0040 

.060O;'.66 

1 

- 

1806 

- 

- 

0.67 

8.86 

1.47 

•0021 

.0288 

.0168 

.0070 

.68 

.0062 

.0001  .46 

- 

1897 

- 

- 

0.62 

8.02 

1.66 

.0060 

.0246 

.0196 

.0060 

.64 

.0066 

.ooool.a 

- 

1898 

- 

- 

0.61 

8.96 

1.66 

.0042 

.0226 

.0181 

.0045 

.« 

.0068 

.0000 '.68 

1 

0.8 

KoTS  to  analyaea  of  1808 :  Odor,  generally  ▼egatabla,  becoming  aouctlmea  raoaty,  and  la  Maich  and 
June  flahy,  on  heating. 
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MicraseopiccU  Examinaiton  of  Water  flrom  the  Storage  Reservoir  of  the  Quincy 

Water  Works. 


[Namber  of  orguklsms  per  onblo  eentimeter.] 

1S98. 

Jan. 

Feb. 

Mtf. 

Apr. 

Hey. 

June. 

Jnly. 

Aug. 

Sept 

Oct 

Hot. 

Dee. 

Dmy  of  •zamtDAtion,  •       •       •       . 

37 

24 

81 

88 

26 

80 

28 

81 

81 

28 

80 

88 

Kmnber  of  sample,    .... 

S2008  228322268622990 

28206 

28784 

24066 

24481 

24764 

26186 

26490 

26770 

PLANTS. 

DlAtomaceo,      .... 

88 

9 

86 

160 

288 

40 

14 

348 

193 

334 

90 

1 

Aeterionella,        •       •       •       . 

(^olotelU, 

Melortra, 

Tabellftrie, 

21 

0 

0 

18 

2 
0 
0 
1 

8 

0 

0 

23 

66 

9 

0 

64 

106 
108 

40 
0 
0 
0 

14 
0 
0 
0 

76 

126 

0 

42 

72 

96 

0 

7 

184 

10 

64 

6 

82 
0 
0 

11 

1 
0 
0 
0 

OyanopbyoecB,  •      •      .      . 

0 

0 

9 

9 

1 

0 

8 

8 

0 

0 

0 

Alff», 

86 

9 

1 

t 

0 

1 

83 

30 

13 

1 

0 

0 

0 

0 

0 

0 

0 

64 

0 

0 

0 

0 

ANIMALS. 

BhlsoiKMla, 

0 

9 

9 

9 

0 

0 

4 

0 

0 

0 

0 

Infdsorla, 

161 

30 

441 

140 

44 

11 

716 

30 

14 

13 

15 

Dlnobrroo, 

Peridimom,  •       •      •      •      • 

0 
160 

0 
89 

163 
888 

28 
106 

20 
8 

0 

4 

696 
6 

11 

8 

0 
2 

7 
6 

8 
U 

VermeB* 

1 

0 

8 

4 

0 

0 

6 

1 

0 

0 

0 

Crustacea, 

0 

pr. 

0 

pr. 

0 

0 

pr. 

pr. 

0 

0 

Cyelope, 

iMphaia, 

0 
0 

0 
0 

^9 

0 
0 

^'o 

0 
0 

0 
0 

^'o 

pr. 
pr. 

0 
0 

0 
0 

MUeetianwutt  Zo6g\i»^  . 

8 

B 

6 

7 

8 

6 

6 

10 

16 

6 

8 

TOTJJ^ 

242 

44 

486 

818 

289 

88 

81 

1,061 

246 

266 

108 

19 

Water  Supply  of  Randolph  and  Holbrook. 

The  scarce  of  supply  is  Great  Pond  in  Randolph  and  Braintree. 
The  pond  has  an  area  of  130  acres,  a  maximum  depth  of  23  feet  and 
a  general  depth  of  about  11  feet.  At  one  end  of  the  pond  there  is 
a  large  area  of  meadow  land  which  is  overflowed  at  times  when  the 
pond  is  full.  The  bottom  is  generally  gravelly  around  the  shore 
and  mnddy  in  the  deeper  portions.     The  pond  has  a  drainage  area 
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BANDOIiPH  AND  HOLBBOOK. 

of  3.44  square  miles,  which  contains  a  population  of  about  170  per 
square  mile.  There  is  some  swamp  and  meadow  land  within  the 
water-shed. 

Chemical  Examination  of  Water  from  Greai  Pond  in  Bandolph  and  Brainiree, 

[Parte  per  100,000.] 


^ 


s 


21786 
82000 

28467 
82708 
23006 
28404 
28860 
84234 
24002 
24066 
26881 
86666 


At. 


Jan.  10 
Feb.  8 
Mar.  7 
Apr.  11 
May  0 
Jane  8 
July  12 
Aof .  0 
Sept.  12 
Oct.  10 
Not.  -7 
Deo.    7 


▲ppbabakcb. 


■J 

§ 


V.  slight. 
Blight. 
V.  alight. 
V.  Blight. 
V.  slight. 
V.alight. 
Slight. 
Slight 
Slight. 

y .  Blight. 

V.  Blight. 
Slight. 


V.  Blight. 
V.  Blight. 

y.  Blight. 

None. 
y.Blight. 

y.BUght. 

Blight. 

y.Blight. 
y.Blight. 
y.Blight. 

None. 

y.Blight. 


.60 
.64 
.60 
.61 
.68 
.07 
.62 
.40 
.67 
.40 
.68 
.00 


.68 


RXBIDDX  OS 

EVAPOKA- 

TIOS. 


I 


I 
SI 


6.40 
4.76 
4.26 
8.76 
8.66 
4.00 
8.00 
8.00 
4.10 
4.80 
4.86 
4.16 


4.28 


2.66 
1.80 
1.70 
1.66 
1.60 
1.76 
1.76 
2.06 
2.06 
2.66 
2.66 
1.76 


1.06 


Amxoioa. 


I 


Albamlnotd. 


.0002 
.0002 
.0002 
.0006 

.0004 
.0004 
.0024 
.0014 
.0012 


.0108 
.0184 
.0168 
.0166 
.0160 
.0180 
.0242 
.0286 
.0804 


.0002.0284 
.0010.0823 
.0000.0144 


.0007.0302 


I    t 
l  it 

Q      CO 


.0104 
.0180 
.0148 
.0162 
.0142 
.0162 
.0200 


.0004 

.0004 
.0020 
.0004 
.0018 
.0028 
.0042 


.0210.0026 
.0276.0028 
.0228.0006 
.O216r.0006 
.0188  .0006 


.0186  .0016 

I 


a 

i 


.60 
.68 
.46 
.60 
.64 
.66 
.62 
.60 
.46 
.61 
64- 
.68 


.64 


NiraooKir 


I 

5 





.0000 

.0070'. 0000 
./moo' .0000 


0000:.  0002 


.0080 
.0020 
.0000 

.0090 


.0000 
.0000 
.0000 
.0001 


.0000.0000 
.0090.0000 


.0040 


.0080.0000 


.0041 


.000] 


.0000 


6 

I 

s 


.60 
.62 
.66 
.68 

.64 

.68 
.68 
.64 
.80 
.86 
.80 
.71 


i 


,66 


8.1 

1.1 
1.1 
0.8 
0.6 
1.4 
0.8 
0.8 
1.1 
1.0 
1.0 
1.0 


1.1 


Odor,  generally  none,  BometlmeB  faintly  vegetable  or  mnBty.  On  heatimg,  the  odor  of  moat  of  the 
aamplea  waa  faintly  vegetable. 

Wateb  Supply  op  Eeading. 

The  source  of  supply  is  a  filter-gallery  near  the  bank  of  the  Ipswich 
Riyer.  The  gallery  is  constructed  beneath  a  meadow  which  is  sub- 
ject to  being  oyerflowed  to  a  depth  of  5,  or  6  feet  at  times  of  high 
water  in  the  riyer.  The  gallery  is  located  22  feet  beneath  the  leyel 
of  this  meadow,  and  is  constructed  in  two  sections,  one  75  feet 
long,  parallel  with  the  riyer,  and  the  other  175  feet  long,  running 
at  a  right  angle  to  the  first.  The  gallery  is  3^  feet  wide  and  4 
feet  high. 

The  water  obtained  from  the  filter-gallery  contains  a  large  amount 
of  iron,  and  a  mechanical  filter  has  been  constructed  to  remoye  some 
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READING. 

of  the  iron.  The  water  pumped  from  the  filter-gallery  is  first  treated 
with  milk  of  lime  and  aerated,  and  then  mixed  with  aluminum  sul- 
phate and  filtered  rapidly  through  small  sand  filters.  By  this  process 
a  large  proportion  of  the  iron  is  removed,  but  the  hardness  of  the 
water  is  very  greatly  increased. 

Chemical  Examination  of  Water  from  the  Filter^gallery  of  the  Beading  Water 

Works. 

[Parts  per  100,000.] 


^5 

1 

Appkabakcs. 

1 

AXMOVIA. 

1 

MnaoeaN 

AS 

Oxygen 

Consnmed. 

a 

s 

• 

if 

1 

1 

1 

1 

■ 

1 

21811 

199S. 

Jan.  10 

Deeided. 

Oona. 

0.00 

10.80 

.0100 

.0114 

.58 

.0080 

.0001 

.89 

8.5 

.2300 

82079 
23404 
2S88B 

Feb.    7 
Mar.    7 
Apr.  18 

Deeided. 

Decided, 

milky. 

Deeided. 

HeavT, 

floe. 
Cone. 

Oona. 

0.60 
0.58 
0.90 

10.80 
0.40 
0.40 

.0084 
.0070 
.0070 

.0078 
.0084 
.0088 

.51 
.48 
.48 

.0080 
.0010 
.0030 

.0000 
.0000 
.0000 

.87 
.40 
.48 

4.0 
8.8 
8.0 

.1800 
.1850 
.2100 

88067 

May    0 

Deeided. 

Heavy. 

- 

8.50 

.0070 

.0180 

.41 

.0000 

.0001 

.59 

.2.9 

.1800 

SSS97 

Jvne  0 

Deeided. 

Heaivy. 

1.00 

0.00 

.0070 

.0140 

.45 

.0060 

.0000 

.04 

2.9 

.2000 

84190 

July  11 
Aug.   8 

Deeided, 

milky. 

Deeided. 

Heavy. 
Oona. 

0.05 
0.90 

10.80 
8.00 

.0083 
.0100 

.0158 
.0160 

.45 

.40 

.0030 
.0010 

.0001 
.0000 

.59 
.08 

2.0 
2.8 

.1400 
.4050 

84004 

Sept.  12 

Deeided. 

Oona. 

1.10 

9.40 

.0122 

.0806 

.88 

.0010 

.0000 

.98 

2.7 

.2760 

849S8 

Oet.  10 

Decided. 

Heavy. 

1.00 

9.00 

.0110 

.0180 

.48 

.0010 

.0000 

.90 

8.1 

.2100 

85877 

Nov.   7 

Decided. 

Heavy. 

1.00 

10.80 

.0120 

.0174 

.48 

.0040 

.0000 

.84 

2.9 

.2160 

85589 

Dee.    3 

Deeided. 

Heavy. 

0.86 

9.70 

.0130 

.0178 

.89 

.0060 

.0000 

.82 

8.0 

.2260 

Averages  by  Tears. 


• 

1801 

- 

• 

0.18 

12.90 

.0010 

.0008 

.48 

.0094 

.0001 

- 

6.1 

- 

- 

1892 

- 

- 

0.44 

9.25 

.0042 

.0078 

.64 

.0071 

.0001 

- 

8.4 

- 

• 

189S 

- 

- 

0.04 

10.08 

.0084 

.0067 

.50 

.0082 

.0001 

.85 

8.9 

.1861 

- 

1894 

- 

- 

0.45 

12.70 

.0043 

.0107 

.08 

.0039 

.0000 

.86 

6.0 

.3042 

- 

1895 

- 

- 

0.01 

18.88 

.0088 

.0114 

.72 

.0048 

.0000 

.44 

6.6 

.2277 

- 

1890 

- 

- 

0.02 

11.50 

.0080 

.0069 

.61 

.0059 

.0001 

.40 

4.1 

.2000 

- 

1897 

- 

- 

0.70 

11.12 

.0090 

.0110 

.68 

.0068 

.0001 

.44 

4.0 

.2044 

- 

1886 

- 

- 

0.82 

9.01 

.0095 

.0141 

.44 

.0006 

.0000 

.04 

8.0 

.2864 

Kom  to  aoalyaea  of  1808:  Odor  in  Jannary  and  Jnly,  faintly  earthy;  at  otlier  times,  none.    On 
hea&lnff,  the  odor  of  the  last  two  samples  became  faintly  unpleasant. 
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ChemiGol  Examination  of  Water  from  Beading  FiUer-gallery  after  passing  through 

the  Mechanical  FxUer. 

[Parts  per  100.000.] 


» 


21812 


22405 
22840 
29088 
28398 


24191 
24005 
24954 
25278 
26580 


I 


s 

& 


Appbasavob. 


h 
€ 


i 


Jan.  10 

V.eUgbt. 

Feb.    7 

None. 

Bfar.    7 

None. 

Apr.  12 

V.  Blight. 

May    0 

V.ellght. 

Jane  0 

V.ellght. 

Jnly  11 

None. 

Ang.  8 

V.  Blight. 

Bept.12 

V.  Blight. 

Oct.  10 

7.  Blight. 

Nov.    7 

None. 

Dee;    2 

V.  slight. 

None. 

None. 

V.sUght. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

V.sUght. 


I 


.18 
.19 
.16 
.24 
.80 
.80 
.19 
.88 
.80 
.48 
.81 
.80 


18.90 
18.50 
18.20 
16.00 
14.50 
16.70 
16.60 
16.70 
18.70 
18.10 
18.40 
17.80 


AXMOHIA. 


1 

6 
< 


.0016 
.0024 
.0052 
.0006 
.0024 
.0028 
.0040 
.0018 
.0018 
.0080 
.0040 
.0088 


.0090 
.0080 
.0128 
.0084 
.0060 
.0106 
.0142 
.0092 
.0124 
.0116 
.0084 
.0108 


6 
I 


.51 
.48 
.46 
.46 
.44 
.41 
.48 
.48 
.45 
.46 
.47 
.46 


Nrboobn 


.0070 
.0170 
.0080 
.0070 
.0060 
.0070 
.0040 
.0020 
.0060 
.0080 
.0050 
.0050 


.0008 
.0009 
.0018 
.0007 
.0007 
.0006 
.0006 
.0006 
.0001 
.0005 
.0006 
.0005 


i 


.25 
.28 
.80 
.82 
.20 
.87 
.49 
.51 
.89 
.88 


i 


12.6 

10.0 

11.0 

9.4 

8.4 

0.1 

9.4 

9.1 

11.4 

10.8 

10.0 

0.7 


I 


.0010 


.0100 
.0080 
.0000 
.0040 
.0250 
.0170 
.0420 
.0110 
.0210 


Averages  by  Years. 


• 

1896 

- 

- 

.15 

10.42 

.0085 

.0067 

.56 

.0048 

.0016 

.24 

11.8 

.0091 

- 

1897 

- 

- 

.28 

18.54 

.0084 

.0064 

.52 

.0082 

.0010 

.29 

12.7 

.0087 

- 

1896 

- 

- 

.27 

16.82 

.0028 

.0108 

.45 

.0060 

.0006 

.84 

10.0 

.0132 

Non  to  analyses  of  1898:  Odor,  none.— —The  samples  were  collected  from  the  weir  OTsr  which 
the  filtered  water  passes  on  its  entrance  to  the  storage  tank  at  the  pamping  station. 


Water  Supply  op  Revere  and  Winthrop.  —  Revere  Water 

Company. 

(See  also  Metropolitan  WaUr  District^  pages  133-160.) 
The  sources  of  sapply  are  wells  in  Revere  and  Saugus.  The 
Revere  wells  are  located  in  the  valley  of  a  small  brook  about  a 
quarter  of  a  mile  from  salt  marshes.  The  system  consists  of  two 
large  wells ,  in  the  bottom  of  which  several  tubular  wells  have  been 
driven,  and  three  groups  of  tubular  wells  which  are  connected  with 
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bet:bbe  and  wtnthrop, 
the  large  wells.  The  Saugus  wells  are  located  at  Cliftondale,  on 
either  aide  of  a  small  brook.  This  system  consists  of  67  tubular 
wells,  driven  to  depths  of  from  30  to  100  feet. 

The  water  from  the  Eevere  wells  is  affected  by  the  infiltration  of 
a  small  amount  of  sea  water  into  the  wells,  the  result  being  a  very 
decided  increase  in  the  quantity  of  chlorine,  residue  on  evaporation 
and  hardness. 

Since  February  9,  water  for  the  supply  of  Revere  and  Winthrop 
has  been  obtained  in  part  from  the  Metropolitan  Works,  and  the 
use  of  the  Revere  wells  has  been  discontinued. 

ChemiecU  Examination  of  Water  Jrom  Tubular  WeUs  of  the  Severe  Water  Company 

at  Cliftondale,  Saugus. 

[Parte  per  100,000.] 


• 

APPBASiLHOa. 

A 

AxxoaiA. 

1 

NiTROOBM 
▲8 

Oxygen 

OontDQied 

• 

i 

1 

i 

• 

1 

1 

mlnold. 

1 

• 

1 

1 

217TO 

1M8. 

Jan.     5 

None. 

None. 

.00 

14.80 

•0004 

.0022 

1.40 

.2100 

.0000 

.01 

7.4 

.0020 

2»08 

Feb.  18 

None. 

None. 

.01 

14.00 

.0000 

.0014 

1.60 

.2600 

.0000 

.05 

.0010 

2S744 

Apr.    4 

None. 

None. 

.02 

16.80 

.0018 

.0034 

1.45 

.2750 

.0000 

.02 

.0080 

ssore 

Mar     > 

None. 

None. 

.01 

14.70 

.0000 

.0020 

1.51 

.8200 

.0007 

.02 

.0020 

Juoe    7 

None. 

None. 

.01 

16.20 

.0002 

.0020 

1.84 

.2850 

.0000 

.02 

.0010 

28083 

July  10 

Kone. 

None. 

.01 

16.00 

.0002 

.0014 

1.84 

.1950 

.0012 

.08 

.0020 

iilTS 

Jaly  80 

None. 

None. 

.02 

10.10 

.0000 

.0014 

1.85 

.2700 

.0002 

.02 

.0040 

14584 

Sept.    6 

None. 

None. 

.00 

14.80 

.0000 

.0012 

1.80 

.2320 

.0007 

.05 

.0020 

24807 

OeU     8 

None. 

None. 

.00 

14.00 

.0000 

.0008 

1.88 

.2200 

.0008 

.04 

7.0 

.0020 

2UT9 

Not.    6 

None. 

None. 

.00 

15.00 

.0000 

.0012 

1.81 

.2050 

.0000 

.02 

7.0 

.0080 

2um 

De«.    6 

None. 

None. 

.01 
.01 

14.70 

.0002 

.0004 

1.26 

.8400 

.0004 

.02 

7.1 

.0010 

Av... 

15.00 

.0008 

.0010 

1.88 

.2556 

.0004 

.08 

7.0 

.0021 

Odor,  none.  —  The  umplee  were  collected  from  a  tap  In  the  pamping  elation. 


Water  Supply  of  Rockland. 

(See  AbingtonJ) 
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ROCKPOBT. 


Water  Supply  op  Eockport. 


The  source  of  supply  is  Cape  Pond  in  Rockport.  The  pond  has 
an  area  of  40  acres,  a  maximum  depth  of  26  feet  and  a  water-shed 
of  0.33  of  a  square  mile,  which  contains  a  population  of  50  per 
square  mile.  The  water-shed  also  contains  a  glue  factory,  wastes 
from  which  find  their  way  into  the  pond.  The  water  of  the  pond 
contains  a  large  amount  of  organic  matter,  and  has  been  subject  to 
bad  tastes  and  odors. 


Chemical  Examination  of  WaUrfrom  Cape  Pond,  Eockporin 

[PftrU  per  100,000.] 


1 
1 

'5 

1 

Appiabavcb. 

RB8IDI7B  0« 

Ktapoba- 
noM. 

Ammohu.. 

• 
u 

4.96 

NiraooBM 
Aa 

3 

1 

1 

6 
1 

<2I 

1 

I 

LoaaoD 
Ignition. 

1 

Albnaalnold. 

1 
1 

9i 

55 

0 

1 

• 

1 

m 
m 

a 

so 

i 

e 

1 

a 

21871 

189S. 

Jan.  17 

V.  alight. 

V.alight. 

.30 

10.60 

1.85 

.0016 

.0218 

.0176 

.0042 

.0000 

.0000 

.30 

1.4 

22201 

Feb.  14 

None. 

V.  alight. 

.20 

10.85 

1.75 

.0084 

.0206 

.0202 

.0004 

5.02 

.0020 

.0000 

.80 

1.1 

22541 

Mar.  14 

SUglit. 

Oona. 

.30 

10.20 

2.45 

.0002. 

.0278 

.0222 

.0056 

4.53 

.0000 

.0000 

.34 

0.6 

228S7 

Apr.  18 

Slight. 

Oona. 

.31 

9.90 

1.75 

.0012 

.0800 

.0198 

.0102 

4.80 

.0000 

.0000 

.86 

1.0 

28178 

May  16 

V.  alight. 

Slight. 

.40 

9.40 

1.80 

.0006 

.0226 

.0188 

.0088 

4.28 

.0090 

.0000 

.89 

1.8 

23627 

Jane  21 

Deddad. 

Oona. 

.48 

9.70 

1.70 

.0002 

.0888 

.0210 

.0128 

4.22 

.0080 

.0000 

.85 

0.8 

23028 

Jnly  19 

Decided 

V.alight. 

.26 

10.70 

2.70 

.0048 

.0288 

.0198 

.0040 

4.20 

.0080 

.0002 

.28 

1.0 

24800 

Aug.  16 

Dedded. 

Oona. 

.21 

10.80 

2.05 

.0004 

.0846 

.0206 

.0140 

4.08 

.0020 

.0000 

.87 

1.8 

24081 

Sept.  19 

Decided. 

Oona , 

.57 

10.46 

2.50 

.0024 

.0644 

.0880 

.0264 

4.05 

.0010 

.0000 

.69 

0.8 

25048 

Oct.  17 

Slight, 

green. 
Slight. 

.85 

10.05 

2.45 

.0016 

.0668 

.0298 

.0870 

4.11 

.0010 

.0005 

.54 

1.1 

258n 

Nov.  14 

green. 
Slight. 

Blight. 

.79 

10.90 

2.50 

.0618 

.0840 

.0272 

.0068 

4.18 

.0080 

.0004 

.60 

1.0 

25613 

Dec  18 

V.  alight. 

V.alight. 

.58 

11.90 

2.50 

.0106 
.0049 

.0286 
.0386 

.0224 
.0281 

.0012 
.0105 

4.23 
4.84 

.0180 
.0025 

.0002 
.0001 

.42 

1.1 

AV.aa 

.44 

10.48 

2.17 

.88 

1.0 

Odor,  geoermlly  flahy  or  gnway  and  oeoMlonally  vegetabU. 
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ROCKFOBT. 

Microscopical  Examination  of  WaUrfrom  Cape  Pondy  Rockpori, 

[Namber  of  organlsmt  per  enblo  oenttmeter.] 


18M. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


Joly. 


Aog. 


Sept. 


Oct 


Nov. 


Dec 


Day  of  ezamlomtloDt  • 
Nnmber  of  aample,    . 


PLANTS. 
DiatomaceaB,      •      •      •      . 

AtterioDella,  •  .  •  . 
Meloalra, 

CyanopbyceflB,   •      .      •      . 
Anmbwoa, 

Alff». 

SeoDedeamiia,  •  •  •  • 
Stauraatmm,        •       •       •       . 

ANIMALS. 

Inftisorla, 

Crnrtomosaa,  •  •  •  . 
ntnobryon,  .  •  •  •  • 
Mallooionaa,         •       •       •       • 

FerldlDiam 

Traelielomonaa,  •       .       •       . 

V61*X&6S«  •        •        •       •       • 

OruataoeAt 

BoamloA,      .        •       •       .       . 

(Cyclops, 

Daphni*, 

Mhceikuuou*,  Zodglce*,  . 

Total, 


18 
81871 


16 

22201 


16 

22641 


20 
22887 


17 
28176 


22 
28627 


20 
28028 


17 
24809 


20 
24681 


18 


260462687 


6 
0 


0 
0 


1 
1 


17 
0 


0 
0 

18 

0 
0 


0 
0 


0 
0 


0 
0 


2,208 
20 


1 

0 

14 

0 
0 


t,534 

2,844 
184 


3 

14 


20 
6 


m 

884 


612 
62 


28 

0 
10 


28 

26 

202 

64 

108 


90 

18 
66 


14 
14 

188 

16 
108 


20 

0 
20 


864 


8 

0 
2 


140 

80 
104 


1,408 
1.408 

10 

0 
2 


167 


14 

26618 


152 

18 
180 


14 
14 


2 
2 


86 
40 


0 
0 

41 

0 
0 


14 

0 
0 
0 
4 
10 


0 
0 
0 


14 

0 
0 
0 
0 
6 


pr. 


pr. 


0 
0 
0 
0 
0 


0 
0 
0 


68  128 


8 

40 

0 

6 


pr. 


pr 
pr. 


0 

116 

0 

10 

2 


0 
0 
0 
0 
4 


0 
0 
0 
0 
4 


0 
0 
0 


0 
0 
0 


96 

0 
0 
0 
0 
02 


0 
0 
0 


280 

80 

0 

0 

8 

102 


26 


pr, 

pr, 
0 
0 


188 

0 
0 
0 
2 
184 


pr. 

pr. 
pr. 


68 

0 
0 
0 
8 
64 


pr. 

0 

0 

pr. 


18 

0 
0 
0 
0 
IS 


pr. 

0 
0 

pr. 


0 


20 


8 


100 


80 


66 


22 


2,826 


2,701 


1,116 


266 


486 


1,208 


1. 


880 


132 


Rowley. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
Rowley,  relative  to  the  quality  of  the  water  of  three  wells  used  by 
the  operatives  in  shoe  factories  in  that  town,  may  be  found  on 
pages  49  to  51  of  this  volume.  The  results  of  analyses  of  samples 
of  water  collected  from  each  of  the  wells  are  given  in  the  following 
table :  — 
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BOWI.EY. 


Chemical  Examination  of  Water  from  Wells  in  Rowley. 

[Parts  per  100,000.] 


Date  of 

CoUectlon. 

APPBAKAirCS. 

Besidoe  on 

Eraporation. 

Akhovia. 

6 

1 

NiTBOOBK 
AS 

1 

a 
J 

a 
s? 

o 

i 

e 

■s 

« 

1 

• 

1 

Eh 

*t 

1 

• 

• 

12 

1 

1 

• 

22400 

1808. 

Mar.    1 

None. 

V.  Blight. 

.00 

5.60 

1 

.0002 

.0024 

1 
0.78 

0.1050 

.0000 

.05 

2.2 

.0010 

28016 

Apr.  80 

V.  alight. 

V.  slight. 

.02 

7.50 

.0002 

.0024 

0.80 

0.1840 

.0000 

.05 

8.5 

.0020 

22407 

Mar.   1 

Slight. 

Slight. 

.05 

85.00 

.0008 

.0088 

10.10 

0.0500 

.0001 

.06 

6.7 

.0040 

28014 
22408 

Apr.  80 
Mar.    1 

Decided, 

milky. 

V.  alight. 

Cons., 

clayey. 
V.  alight. 

.10 
.05 

86.50 
45.50 

.0014 
.0004 

.0046 
.0104 

8.65 
10.40 

0.0200 
2.1400 

.0008 
.0001 

.06 

.10 

6.0 
0.1 

.0050 
.0010 

28015 

Apr.  80 

V.  alight. 

Slight. 

.05 

87.60 

.0004 

.0068 

8.85 

1.660O 

1 

.0003 

.10 

8.1 

.0090 

Odor,  none.— —The  samples  were  collected  from  wells  in  Rowley,  the  water  of  which  Is  aaed  for 
drinking  or  other  domestic  purposes.  The  first  two  samples  were  collected  from  what  Is  known  as  the 
Bnrke  well;  the  third  and  fourth  samples,  from  the  Plckard  well;  the  last  two, from  the  Armitage  welL 

Water  Supply  of  Rutland. 

The  source  of  supply  is  Lake  Muschopauge  in  Rutland.  The 
lake  has  an  area  of  58  acres  and  a  watershed  of  0.6  of  a  square 
mile,  which  contains  50  persons  per  square  mile. 

Chemical  Examination  of  WcUer  from  Muschopauge  Lake,  Rutland, 

[Pftrts  per  100,000.] 


• 

•s 

1 

1 

Appsabarcs. 

Rksiddb  oh 

EVAPOUA- 
TIOH, 

AXXOHIA. 

4 
1 

.17 

NirsooBM 

AS 

• 

a 

m 

1 

M 

o 

1 

1 

i 

• 

5 

Loss  on 
Ignition. 

• 

1 

Albuminoid. 

1 

8 

5 

g 

1 

9 

• 

• 

a 

1 

21777 

1898. 

Jan.     6 

Slight. 

V.  slight. 

.11 

2.45 

0.05 

.0006 

.0108 

.0082 

.0026 

.0040 

.0000 

1 

.12 

1.1 

22108 

Feh. 

14' 

V.  slight. 

Oons. 

.07 

2.65 

1.00 

.0014 

.0120 

.0102 

.0018 

.18 

.0070  .0000' .16 

1.8 

22046 

Apr. 

20 

V.  slight. 

V.  slight. 

.06 

2.10 

0.70 

.0010 

.0096 

.0080 

.0016 

.18 

.0080.0000 

1 

..IT 

1 

0.8 

23452 

June 

8 

V.  slight. 

V.  slight. 

.07 

2.10 

1.00 

.0002 

.0008 

.0072 

.0026 

.16 

.0070 

.0000 

.22 

6.6 

24006 

July 

29 

V.  Blight. 

V.aUght. 

.08 

2.10 

0.80 

.0006 

.0156 

.0182 

.0024 

.17 

.0010 

.0000 

.21 

0.8 

34920 

Oct. 

* 

Slight. 

V.  alight. 

.08 

2.10 

1.00 

.0008 

.0102 

.0060 

.0022 

.18 

.0000 

.0000 

.21 

0.6 

25250 

Not. 

a 

V.  slight. 

V.  slight. 

.08 

8.05 

1.55 

.0010 

.0184 

.0114 

.0020 

.16 

.0000 

.0000 

.18 

0.6 

26581 

Dm. 

7 

V.  alight. 

V.aUght. 

.08 
.08 

2.15 

1.00 

.0000 

.0007 

.0062 
.0109 

.0054 
.0069 

.0008 
.0020 

.16 

.17' 

.0010 
.0029 

.0000 
.0000 

.25 
.19 

0.1 

Av... 

2.84 

1.00 

0.7 

1 

Odor  of  No.  24929,  distinctly  musty,  becoming  stronger  and  also  fishy  on  beating;  of  tb«  otben, 
Done,  becoming  sometimes  faintly  Tegetable  or  mustv  on  healing. The  first  two  samples  were  col- 
lected from  a  faucet  at  the  pumping  station ;  the  remalnlog  samples,  from  the  Uke,  near  the  au-faoa. 
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RUTJLAND, 

Chemical  Examination  of  Water  Jrom  Muschapauge  Lake^  collected  near  the 

Bottom. 

[Parte  per  100,000.] 


B 

B 


28tf3 

240g7 
24880 
2S200 


At. 


? 

o 


IMS. 

June   8 

Jaly  29 
Oet.  6 
Nov.   8 


Apfsabaxcb. 


I 


V.aUght. 
V.  alight. 
V.  alight. 
V.  Blight. 


I 


Slight. 

Slight, 

floe. 
Cons. 

V.alight. 


.05 
.06 
.07 
.09 


.07 


Rbbidub  ov 

EVAFORA- 
TIOH. 


■ 

p 

Q 

3 

g'S 

.J 

»& 

n 

IDP4 

g 

•3 

1.96 
2.10 
2.16 
2.16 


2.00 


0.80 
0.76 
1.16 
1.00 


0.92 


AancoNXA. 


.0004 
.0010 
.0086 
.0004 


.0018 


Albaminoid. 


1 


•o 


•a 

00 


.0104 
.0126 
.0114 
.0110 


.0118 


.0080 
.0106 
.0002 
.0090 


.0092 


.0024 
.0020 
.0022 
.0020 


.0021 


NiTBOOBN 

• 

B 

1 

.a 

▲8 

1 

i8 
Si 

.16 

^ 

SQ 

.0010 

.0000 

.17 

.0080 

.0000 

.17 

.0000  .0000 

.16 

• 

.16 

.0060 

.0000 

.0026 

.0000 

a 

a 
« 
s 


B 

te 

J? 

O 


,20 
.20 
.22 

.18 


.20 


s 


0.6 
0.6 
0.6 
0.6 


0.6 


Odor  of  the  flrat  and  last  lainplefl,  faintly  vegetahle;  of  the  aecond,  none,  becoming  faintly  nnpleas- 
aat  on  heating;  of  the  third,  faintly  moety. 


Water  Supply  op  Salem  and  Beverly. 

The  sources  of  supply  are  Wenham  Lake  and  Longham  Brook 
Reservoir  in  Beverly  and  Wenham.  Wenham  Lake  has  an  area  of 
251  acres  and  a  maximum  depth  of  49  feet.  The  bottom  is  said  to 
be  gravelly.  Its  water-shed,  of  3.1  square  miles,  contains  a  popu- 
lation of  100  per  square  mile. 

Longham  Brook  Reservoir,  which  was  constructed  in  1895  as  an 
aoxiliar}^^  source  of  supply,  has  an  area  of  43  acres,  a  maximum 
depth  of  8.5  feet  and  a  storage  capacity  of  55,000,000  gallons. 
The  area  flowed  contained  much  meadow  land,  from  which  no  soil 
has  been  removed.  The  reservoir  has  a  water-shed  of  3.3  square 
miles,  which  contains  a  population  of  80  per  square  mile.  Water 
from  Longham  Brook  Reservoir  is  discharged  by  gravity  into  Wen- 
ham  Lake  when  necessary,  but  during  the  year  1898  only  a  small 
quantity  of  water  from  this  source  was  used.  The  effect  of  the  in- 
troduction of  water  from  Longham  Brook  Reservoir  on  the  water  of 
Wenham  Lake  may  be  seen  in  the  table  of  yearly  averages  of 
chemical  anlyses  of  water  from  the  lake. 
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SAIiEM  AND  BETTERIiT. 

Chemical  ExamincUum  of  Water  from  Wenham  Lakt^  in  Beverly  and  Wenham. 

[PmIs  per  100,000.] 


i 


ir. 


21820 
22101 
22404 
22864 
28100 
234S1 
28861 
24236 
24625 
24976 
26300 
25836 
26611 


§ 


S 

m 

Q    . 


19B8. 

Jan.  11 

Feb.  8 
Mar.  8 
Apr.  16 
May  8 
Jane  7 
July  12 
Aug.  10 
Sept.  18 
Oct.  11 
Nov.  8 
Deo.  6 
Deo.  18 


Apkaxavob. 


I 


y.  alight. 

y.  ■light. 

Slight. 

y.iiight. 

Slight. 
V.  Blight. 

y.iiight. 

Slight, 
y.  alight. 

y.iUght. 
y.iUght. 
y.  slight, 
y.  Blight. 


^ 
S 


00 


SUght. 
y.aUght. 
Blight, 
y.  alight, 
y.  alight. 

y.tught. 

Blight. 
Blight. 
Slight, 
y.  slight, 
y.  alight. 
Blight, 
y.  slight. 


a 


.10 
.00 
.12 
.18 
.20 
.21 
.16 
.12 
.16 
.12 
.17 
.21 
.20 


RsaiDUB  OK 

EVAPOBA- 

TIOV. 


.4 

f 


6.76 
6.00 
6.76 
6.70 
6.16 
6.80 
6.70 
6.66 
6.80 
6.66 
6.20 
6.80 
6.00 


1.40 
8.00 
1.80 
1.60 
1.46 
1.65 
1.96 
2.40 
1.80 
1.00 
1.60 
1.86 
1.60 


AmcoviA. 


.0016 
.0026 
.0044 
.0080 
.0018 
.0026 
.0000 
.0086 
.0008 
.0006 
.0072 
.0082 
.0016 


Albamteiold. 


S 

5 


i 

•o 

CO 


.0168 
.0146 
.0142 
.0164 
.0180 
.0180 
.0236 
.0814 


.0188 
.0180 
.0122 
.0122 
.0126 
.0108 
.0188 
.0266 


.0266.0204 


.0164 
.0184 
.0172 


.0186 
.0166 
.0182 


.0166  .0126 


.0020 
.0016 
.0020 
.0042 
.0004 
.0022 
.0048 
.0068 
.0062 
.0018 
.0028 
.0040 
.0080 


i 


.88 

.82 
.79 
.80 
.79 
.80 
.82 
.79 
.76 
.76 
.76 
.74 


NiTBOOBM 


I 


9i 


.0060 
.0070 
.0180 
.0080 
.0020 
.0060 
.0000 
.0020 
.0000 
.0000 
.0010 
.0080 
.0060 


.0000 
.0000 
.0000 

.0002 
.0001 
.0002 
.0000 
.0000 
.0000 
.0001 
.0002 

I 

.0008 
.0002 


I 


M 

o 


.24 
.24 
.80 
.26 
.88 
.82 
.84 
.87 
.tl 
.29 
.28 


8 

a 


2.6 
2.6 
2.8 
2.8 
2.2 
2.2 
2.1 
2.1 
2.1 
2.2 
2.6 
2.8 
2.2 


Averages  by  Tears. 


. 

1888 

• 

• 

.06 

4.67 

0.97 

.0020 

.0146 

- 

- 

.78 

.0068 

.0001 

• 

• 

. 

1889 

- 

- 

.06 

4.28 

1.06 

.0014 

.0178 

.0188 

.0086 

.72 

.0062 

.0008 

- 

- 

. 

1890 

• 

- 

.06 

4.67 

0.90 

.0016 

.0164 

.0126 

.0029 

.74 

.0104 

.0001 

- 

. 

1891 

- 

- 

.07 

4.70 

1.12 

.0006 

.0147 

.0118 

.0084 

.72 

.0126 

.6000 

- 

_ 

1802 

• 

- 

.06 

4.86 

1.10 

.0016 

.0187 

.0108 

.0084 

.76 

.0077 

.0000 

- 

. 

1898 

• 

• 

.04 

6.49 

1.26 

.0068 

.0180 

.0100 

.0080 

.77 

.0086 

.0001 

.18 

. 

1894 

- 

- 

.07 

6.69 

1.68 

.0080 

.0148 

.0114 

.0084 

.82 

.0088 

.0001 

.14 

. 

1806 

• 

- 

.21 

6.76 

1.97 

.0026 

.0177 

.0146 

.0081 

.81 

.0068 

.0001 

.80 

8.1 

^* 

1896 

• 

- 

.16 

6.80 

1.82 

.0020 

.0218 

.0168 

.0061 

.80 

.0068 

.0001 

.28 

2.7 

• 

1897 

- 

- 

.18 

6.00 

1.60 

.0087 

.0806 

.0170 

.0086 

.88 

.0048 

.0081 

.89 

2.7 

- 

189e* 

- 

- 

.16 

6.61 

1.78 

.0026 

.0181 

.0161 

.0080 

.80 

.0040 

.0001 

.28 

8.8 

*  Where  mora  thao  ooe  sample  was  ooUeeted  in  a  month,  the  mean  analysis  for  that  month  haa  best 
need  In  making  the  average. 

Nora  to  analyses  of  1898 :  Odor,  faintly  vegetable  or  none.   On  heating,  the  odor  of  most  of  the 

samples  became  distinctly  vegeUble,  and  in  January,  also  flahy. Nos.  22101,-  82494  and  S58U  vert 

eolleoted  from  a  fanoet  at  Ihe  pumping  station ;  the  others,  from  the  lake. 
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SAIiEM  AND  BEVERLT, 

Miscroscopicdl  Examination  of  Water  from  Wenham  Lake^  in  Beverly  and 

Wenham. 

[NTnmber  of  orgaolami  per  onblo  MDtlmeter.] 


1SB8. 

Jan. 

Feb. 

Mar. 

Apr. 

Mey. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Not. 

Dec. 

Dec 

Day  of  ezAmtoatton,        •       . 

18 

8 

0 

18 

11 

8 

18 

11 

14 

18 

0 

8 

14 

Number  of  Mmple,  • 

11829 

22101 

22404 

22804 

2810028481 

28861 

2428024026 

24870 

2680926636 

26011 

PLANTS. 

Dlatomaoe»,     • 

811 

19 

119 

552 

m 

179 

90 

81 

112 

982 

1,182 

2,608 

747 

AsterloDellA,             • 
CfelotelU,.       .       • 
Meloelra,    .... 
StephftDOdlacoe* 
Bynedra,     •       .       •       • 

08 

212 

104 

0 

2 

144 

2 

10 
8 
0 

I 
0 

2 

04 

40 

0 

4 
0 

62 
88 

812 

8 

00 

14 

638 
20 
80 

0 
11 

4 

0 
129 

10 
0 
2 

80 

0 
2 

0 

0 

0 

48 

48 

0 
0 
0 

1 
11 

80 
0 
0 
0 
0 

61 

48 

4 

20 

0 

4 

290 

878 

10 

864 

10 

2 

410 

1,604 

0 

430 

56 

2 

482 

822 

0 

208 

84 

3 
186 

Oyanophyoea. . 

20 

100 

19 

0 

0 

4 

92 

168 

27 

14 

4 

0 

0 

AnabmiA.  .       .       •       • 
AphaDisomenon, 
CiaibroeystU,    .       . 
Cotoepharlnm,         • 

0 

20 

0 

0 

0 

100 

0 

0 

0 

10 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
4 

87 
0 
2 

4 

188 

0 

22 

0 

8 

0 

0 

10 

10 
0 
0 

4 

0 
0 
0 

4 

0 
0 
0 
0 

0 
0 
0 
0 

Alff» 

t 

< 

4 

28 

92 

188 

0 

27 

14 

2 

0 

8 

Protoeoeeu, 

0 

0 

0 

27 

80 

188 

0 

17 

0 

0 

0 

0 

ANIMALS. 

Inltisorla,   .... 

9 

12 

in 

277 

20 

12 

1 

80 

42 

21 

8 

1 

Dtoobrroa,        •       • 
TrBehMomoiutft 

0 

0 

0 
12 

no 

2 

270 
0 

18 
0 

0 
8 

0 
0 

IS 
2 

80 
2 

0 
10 

2 
2 

0 

1 

Vermes,       •      •      •      • 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

OrostaoeA, .... 

pr. 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

pr. 

0 

JfUe«lliifMOM»  ZoagkBat 

10 

10 

8 

9 

0 

0 

10 

9 

8 

9 

9 

8 

8 

TOTAX.,         •          •          •         . 

047 

140 

148 

088 

920 

286 

201 

286 

204 

407 

1,214 

2.610 

764 
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SALEM  ANB  BEVBRIiT. 

CfiemiccU  ExamincUion  of  Water  from  Longham  Brook  Reservoir^  in  Beverly  and 

Wenham, 


[Parts 

per  100,000.] 

1 

• 

i 

Appkabahob. 

Rbsidub  oh 

EVAPOBA- 
TIOH. 

AmcoBiA. 

1 

s 

1.16 

0.83 
0.76. 
0.69' 
0.80 
,0.77 
0.74 
1.14 
0.72 
1.04 

0.86 

0.94 

NtTBOOBB 

▲a 

0 

1 

i 

«i 

■: 

o 

a 

1 

• 

1 

1 

Albnmlnoid.     | 

• 

1 

s 

• 

9i 

i 

Z 

• 

1 

t 
1 

1 

il 

00 

• 

c 
< 

c 

21828 

22865 
23101 
28432 
2.'i852 
242.35 
24624 
24975 
2530S 
25612 

1888. 

Jan.  11 

Apr.  16 
May    8 
Jnne   7 
Jaly  12 
Aug.  10 
Bept.  la 
Oct.  11 
Nov.    8 
Dec.  13 

Blight. 

V.  slight. 

Slight. 

Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

V.  Blight. 

Cons.. 

earthy. 
Blight. 
Cons. 
Slight. 
Cona. 
Cona. 
Cons. 
V.  slight. 
V.  slight, 
y.  alight. 

0.90 

0.70 
0.82 
1.85 
2.50 
1.80 
2.60 
1.05 
1.12 
0.53 

6.75 

4.10 
4.25 
5.75 
7.85 
7.66 
8.35 
7.05 
5.90 
5.80 

2.40 

1.90 
1.86 
8.15 
4.10 
8.70 
8.90 
3.05 
2.70 
2.15 

.0210 

.0046 
.0006 
.0094 
.0032 
.0078 
.0350 
.0060 
.0044 
.0024 

.0094 

.0127 

.0288 

.0234 
.0212 
.0516 
.102H 
.0528 
.1100 
.0868 
.0272 
.0160 

.0472 

.0604 

.0214 

.0208 
.0194 
.0428 
.0044 
.0476 
.1050 
.0320 
.0260 
.0146 

.0894 

.0416 

.0024 

.0026 
.0018 
.0088 
.0384 
.0052 
.0110 
.0048 
.0012 
.0014 

.0078 

.0069 

.0280 

.0070 
.0020 
.OMO 
.0010 
.0020 

.oi.v» 

.0020 
.0030 
.0210 

.0002  0.71 

1 
.0001  0.68 
.0000  0.69 
.0002  1.83 
.0000,  1.47 
.0001   1.04 
.001?  1.88 
.0000,  1.35 
.0002,  1.05 
.0000  ,0.68 

.0002  1.08 

1 

.0002  |l. 17 

2.1 

1.S 
1.0 
1.0 
1.6 
1.7 
2.S 
1.1 
1.3 
1.4 

A^ 

1808 

1.89 

6.29 

2.89 

.om6 

.0098 

1.5 

Av... 

1897 

1.88 

6.99 

8.06 

l.T 

NoTX  to  analysea  of  1808 :  Odor,  faintly  vegetable,  beooming  stronger  on  heaiiag. 

Microscopical  Examination  of  Water  from  Longham  Brook  Seservoir^  in  Beverly 

and  Wenham* 


[Number  of  organisms  per  enblo  centimeter.] 

1888. 

Jan. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Get 

Not.    Dec 

Day  of  examination,    .... 

13 

18 

11 

8 

18 

11 

14 

18 

•  1  " 

Number  of  sample,      .... 

21828 

2286S 

23101 

23432 

2386^ 

24286 

24624 

24076 

StSOS  iMI! 

1 

PLANTS. 

DiatomaceaB* 

a 

16 

105 

64 

4 

4 

a 

43 

18 

8 

Bynedra, 

0 

11 

60 

68 

4 

8 

1 

80 

11 

0 

Oyanophyceeo 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

AlffflB 

0 

0 

1 

6 

4 

t 

0 

1 

0 

0 

FunfiTli  Cfrenothrlz 

0 

0 

0 

0 

0 

81 

90 

0 

0 

0 

ANIMALB. 

Infusoria 

0 

28 

180 

60 

694 

tt 

IT 

4 

1 

0 

Dioobryon, 

Rapbidomonas,     .       •       •       • 
Traohelomonaa,     .... 

0 
0 
0 

26 

0 
0 

120 
0 
0 

48 
0 
0 

0 
672 

20 

0 

0 

28 

0 

0 

10 

2 
0 
2 

0 

0 

1 

0 

« 

0 

Vermes, 

0 

0 

0 

t 

16 

0 

0 

0 

0 

0 

JfiacettarutnUt  Zottglosa,     . 

10 

6 

r 

6 

0 

6 

8 

8 

6!      8 

Total 

18 

46 

248 

187 

020 

124 

118 

62 

«i  " 

Water  Supply  of  Saugus. 
(See  Lynn,) 


No,  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


327 


SHABON. 

Water  Supply  op  Sharon. 

The  source  of  supply  is  a  well  16  feet  in  diameter  and  16  feet 
deep,  situated  near  Beaver  Brook  in  Sharon. 

ChemuMl  Examinalion  of  Water  from  the  Well  of  the  Sharon  Water  Works, 

m 

[Parts  per  100,000.] 


i 

Appbabahob. 

§ 

Ammonia. 

MITROOKV 

■ 

^ 

S 

AS 

^e 

ti 

a 
5^ 

Date  of 
Coll 

• 

1 

a 
H 

*i 

1 

Residue  on 
Evapo 

1 

1 

s 

1 

. 

s 
s 

1 

Oxygen 
Com 

i 

a 

iS 

• 

1 

1898. 

1 

21072    Feb.     4 

None. 

None. 

.02 

0.10 

.0006 

.0012 

l.U 

.2280 

.0000 

.02 

8.9 

.0020 

227W    Apr.    6     V.aliiiht. 

V.  alight. 

.05 

9.10 

1.0002 

.0004 

1.18 

.2850 

.0000 

.01 

8.4 

.0420 

287M 

June  29  iV.ailKbl. 

V.  alight. 

.00 

i  10.90 

,.0012 

.0030 

,  1.07 

.2300 

.0000 

.01 

8.0 

.0030 

24636 

Sept.    6  'V.  Blight. 

V.  alight. 

.05 

10.00 

.0000 

.0010 

0.07 

.1380 

.0000 

.06 

2.6 

.0170 

24979 

Oct.    10'  None. 

Nooe. 

.00 

0.30 

.0000 

.0004 

1  1.11 

.2660 

.0000 

.03 

8.8 

.0040 

2M83 

Dee.     7 

Nooe. 

None. 

.00 
.02 

9.60 

1 

i.OOOO 

1 

.0000 

1.10 

1 

.2700 

.0000 

.01 

8.8 

.0010 

Av 

0.55 

.0003 

.0010 

1 
1.09 

.2870 

.0000 

.02 

8.6 

.0116 

Odor,  none. Koa.  22072  and  22760  were  collected  from  a  faacet  at  the  pumping  atation;  the 

otlien,  frons  the  well. 

Water  Supply  or  Sheffield.  —  Sheffield  Water  Coiipany. 

The  sources  of  supply  are  two  small  reservoirs  about  a  mile  and 
a  half  north-east  of  the  village  of  Sheffield,  which  are  fed  chiefly  by 
springs. 

The  advice  of  the  State  Board  of  Health  to  the  Sheffield  Water 
Company,  relative  to  cases  of  illness  in  one  of  the  schools  of  that 
town  which  had  been  attributed  by  some  persons  to  the  public 
water  supply,  may  be  found  on  page  51  of  this  volume. 


Chemical  Examinalion  of  Water  from  Faucets  in  Sheffield^  supplied  from  the 

Works  of  the  Sheffield  Water  Company. 

[Parte  per  100,000.] 


o 


ATenure  of  five  aamplea  eolleeted  in 
March,  May,  Augnat,  September  and 
Norember.  1808. 


.08i 


KKSIDnC  ON 

Evapora- 
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3 

o 
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8.40 


1.06 


Amuonia. 


Albuminoid. 
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1 

1 

1 

.3 

• 
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h. 

H 
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09 
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.0020.0025 
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s 
*!« 

o 
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.0046 .0001 


a 

s 
« 
s 
o 
O 

c 
« 

M 
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a 
93 


.00 


1.7 


Odor,  ncma.    A  faintly  vegetable  odor  waa  developed  in  the  laat  two  aamplea  on  heating. 
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Water  Supply  of  Somebville. 

(See  Metropolitan  Water  District,  pages  183-160.) 

Water  Supply  of  Southbridge.  —  Southbridgb  Water  Supply 

Company. 

Chemical  Examinatum  of  Water  from  the  Hatchet  Brook  Be$ervoir  of  the  South' 

bridge  Water  Works. 

[Parts  per  100,000.] 


1 

Appkasanob. 

RMIDUK  on 

EVAPOBA- 

TIOM. 

Amxovia. 

• 

1 
.28 

NlTIOQBX 
AS 

i 

8 

1 

1 

o 

• 

1 

*i 

■ 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

1 

1 

s 

1 

fi 

1 

Sus- 
pended. 

• 

I 

e 
« 

21838 

JaD.  11 

v.  slight. 

Slight. 

.00 

8.60 

1.70 

.0068 

.0164 

.0146 

.0006 

.0080 

.0000 

.66 

1.0 

82U8 

Feb.    8 

v.  slight. 

None. 

.86 

2.80 

0.80 

.0004 

.0114 

.0098 

.0016 

.21 

.0000 

.0000 

.86 

0.6 

2M0T 

Mar.   8 

V.  slight. 

y.eUght. 

.80 

2.60 

1.00 

.0004 

.0112 

.0092 

.0020 

.11 

.0080 

.0000 

.82 

0.6 

88410 

June  7 

v.  slight. 

Slight. 

.70 

8.00 

1.86 

.0024 

.0162 

.0126 

.0086 

.16 

.0020*  .0002 

.66 

0.6 

88S67 

July  12 

y.sUght. 

Gone. 

.80 

8.46 

1.90 

.0104 

.0280 

.0280 

.0060 

.18 

.0000.0000 

.84 

0.8 

24381 

Aug.  9 

Decided. 

Gone. 

.90 

4.26 

2.16 

.0116 

.0810 

.0282 

.0078 

.16 

.0010  .0001 

1 

.84 

1.0 

34614 

Sept.  18 

Slight. 

Blight. 

.66 

8.86 

1.80 

.0006 

.0286 

.0204 

.0082 

.12 

.0000.0000 

1 

.81 

0.6 

24078 

Oet.  11 

Decided. 

Blight, 

.46 

8.80 

1.90 

.0004 

.0840 

.0288 

.0062 

.16 

.ooao'.oooo 

i-" 

1.0 

25310 

Not.  8 

Slight. 

green. 
Blight. 

.76 

4.06 

1.76 

.0006 

.0238 

.0184 

.0064 

.10 

.0010 

.0004 

.80 

0.6 

2M21 

Deo.  18 

v.  slight. 

None. 

.80 

2.80 

1.00 

.0000 
.0084 

.0112 
.0210 

.0104 
.0170 

.0008 
.0040 

.16 
.16 

.0000 

.0012 

.0000 
.0001 

.89 

0.6 

Av... 

...••..*v. 

.67 

8.36 

1.63 

.68 

O.T 

Odor,  generally  faintly  vegetable,  aometimee  none.  On  heating,  the  odor  of  some  of  the  Minplaa 
beeame  stronger  and  also  musty. 

Water  Supply  op  South  Hadley  Falls  Fire  District,  South 

Hadley. 

The  sources  of  supply  are  Buttery  Brook  and  Leaping  Well 
reservoirs  in  South  Hadley. 

Buttery  Brook  Reservoir  has  an  area  of  2  acres,  a  maximum 
depth  of  12  feet  and  a  general  depth  of  8  feet.  The  bottom  of  the 
reservoir  has  been  cleaned  and  covered  with  sand.  The  water-shed 
contains  some  swampy  land  near  its  upper  end,  and  contains  a 
small  population. 

Leaping  Well  Reservoir  has  an  area  of  9.2  acres,  a  capacity  of 
28,000,000  gallons,  a  maximum  depth  of  26  feet  and  an  average 
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depth  of  9  feet.  Much  of  the  soil  and  organic  matter  was  removed 
from  the  bottom  when  the  reservoir  was  constructed.  The  water- 
shed of  the  reservoir  is  a  sandy  plain,  from  which  much  ground 
water  enters  the  reservoir  where  it  is  exposed  to  light.  The  water 
of  the  reservoir  often  contains  large  numbers  of  organisms. 

The  advice  of  the  State  Board  of  Health  to  the  water  commission- 
ers of  the  fire  district,  relative  to  the  bad  taste  and  odor  of  the  water 
of  Leaping  Well  Eeservoir  and  the  best  method  of  improving  its 
quality,  may  be  found  on  pages  51  to  53  of  this  volume. 

ChemuuU  Examination  of  Water  from  Leaping  Well  Brook  at  Us  Entrance  to  the 
Storage  Reservoir  of  the  South  Hadky  Falls  Fire  District, 

[Parts  per  100,000  ] 


• 

« 
1 

9 

APFBAmxllCI. 

Bbsidub  om 

EVAPOBA- 
TXOM. 

Ammovxa. 

• 

M         Chlorine. 

MITROOBK 
A8 

« 

a 

a 

m 

a 

1 

6 

1 

i 

6 

1 

4 

r 

■ 

1 

Albuminoid. 

i 

1 

• 

i 
§ 

•J 

• 

1 
1 

5 

Sus- 
pended. 

1 

Mtl 

1898. 

Aug.  28 

V.  slight. 

None. 

.04 

2.U 

0.00 

.0000 

.0022 

.0022 

.0000 

.0010 

.0000 

.02 

0.8 

Odor,  DOD«. The  Munple  was  collected  from  the  brook,  a  short  dlstanoe  above  Its  entrance  to  the 

reeenroir. 

ChemiecU  ExaminaXion  of  Water  from  Leaping  Well  Reservoir^  South  Hadley. 

[Parts  per  100.000.] 


• 

1 

Appbabamob. 

Rksidub  cm 
Evapoba- 

TIOX. 

Ammovu. 

S 

.88 
.06 
.11 
.13 

.16 

r 

NiTBOOBlf  ' 

"      1 

^9 

1 

5 

• 

«i 

1 

H 

r 

1 

Albuminoid. 

i 
1 

• 

s 
s 

1 

H 

• 

1 

s 

5^ 

1 

23411 
24M2 
94A4& 

24M2 

Jane    0 
July  25 
Aug.  20 
Sept.   7 

V.  Slight. 

V.  Blight. 

'  V.sUght. 

Slight. 

1 

V.  slight. 
Oons. 
V.sllght. 
V.sllght. 

.10 
.09 
.00 
.00 

.00 

2.76 
8.00 
2.40 
2.76 

1.30 
1.30 
0.05 
0.50 

.0010 
.0026 
.0002 
.0002 

.0010 

.0008 
.0210 
.0126 

.0094 

.0182 

.0076 
.0186 
.0102 
.0072 

.0006 

.0022 
.0074 
.0024 
.0022 

.0036 

.0010 
.0010 
.0010 
.0000 

.0000 
.0001 
.0000 
.0000 

.0000 

.14 
.18 
.12 
.10 

.15 

0.5 
0.5 
0.8 
0.5 

At... 

1 

2.72 

0.04 

.0007 

0.4 

Odor,  DOiM.    A  dlatlnetly  vegetable  odor  was  developed  in  the  second  sample  on  heating.— The 
•amplas  were  oolUetod  from  the  reservoir. 

MicroscopiecU  Examination, 

The  sample  eolleetMl  In  Jnly  contained  856  Anabaiia  per  cable  centimeter.   An  insignificant  nnm- 
ber  of  organleme  wee  found  in  each  of  the  other  samples. 
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Chemical  Examination  of  Water  from  Leaping  Well  Reservoir^  collected  near  the 

Bottom, 

[Parte  per  100,000.] 


• 

i 

a 

Appbasavcb. 

RKaiDUB  OM 

EVAPOBA- 

TION. 

Amwonxa. 

• 

e 
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.00 
.11 

NiTVOOXK 
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1 
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1 

i 

8 

• 

1 

LoMon 
Ignition. 
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Albamlnoid. 

1 

i 

1 

1 

1 
1 

5 

si 

f 

e 
s 

24043 
24446 

1888. 

July  25 

Ang.  26 

Blight. 

1 

Decided. 

Cona. 
Heavy. 

.10 
.42 

2.85 
2.85 

1.06 
0.80 

.0348 
.0182 

.0164 
.03:2 

.0086 
.0268 

.0078 
.0104 

.0010 
.0010 

.0001 
.0000 

.14 
.17 

0.6 
0.8 

Odor  of  the  flrat  aample*  dlAtinctly  disagreeable;  of  the  laat,  decidedly  mnaty  and  diaagreeable, 
becoming  ofFenaive  on  heating.  —  The  aamplea  were  collected  from  the  bottom  of  the  reaervoir,  at  the 
gate-houae. 


Chemical  Examination  of  Water  from  Buttery  Brook  Reservoir^  South  ffadiey. 

[ParU  per  100,000.] 


• 

1 

a 

Appbasaxcs. 

RaaiDUB  OM 
Evapora- 

TIOV. 

Ammonia. 

c 

i 

.28 
.17 
.20 

.20 

NiTBOOBM 

Aa 

■ 

a 

i 

s 

1 

s 

1 

1 

1 

§ 

• 

e 

it 
1 

• 

1 

Alhamlnnld.     j 

1 

• 

% 

1 

9 

H 

1 

00 

23412 
24044 
25209 

1888. 

Juno   6 

Jnly  25 
Nov.    7 

V.  alight. 
V.  (light. 
'  Slight. 

Cona. 
y.alight. 
y.  alight. 

.46 
.21 
.18 

.28 

4.26 
4.00 
4.96 

1.9ft 
1.46 
1.95 

.0022 
.0082 

.0000 

.0018 

.0170 

.0160 
.0068 

.0183 

.0U2 
.0106 
.0042 

.0087 

.0058 
.0054 
.0026 

.0046 

.0480 
.0280 
.0190 

.0203 

.0006! 
.0002 
.0000 

.0003 

.M 

.« 

0.6 
1.0 
6.8 

AVee* 

4.40 

1.78 

.M 

0.8 

Odor  of  the  firat  aample,  faintly  mnaty,  becoming  diatinctly  mnaty  and  unpleaaant  on  heating;  of 
the  othera,  none,  becoming  vegetable  on  heating.  —  The  flrat  two  aamplea  were  ooUected  from  the 
reaervoir,  and  the  laat,  from  a  faucet  in  the  town. 
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SFENCER. 

Wateb  Supply  of  Spenceb. 

The  source  of  supply  is  Shaw  Pond  in  Leicester.  The  pond 
has  an  area  of  80  acres  and  a  water-shed  of  0.60  of  a  square  mile, 
which  contains  a  very  small  population.  A  considerable  portion 
of  the  pond  is  quite  shallow. 

Chemical  Examination  of  Water  from  Shaw  Pond^  Spencer, 

[Partf  per  100,000.] 


o 


Avera^  of  four  lamplee  eolleeted  in 
Pebroftrjr,  Jane,  Angael  and  Novem- 
ber, 1808. 
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Odor,  none.    A  faintly  grasay  or  vegetable  odor  was  developed  in  the  laat  two  aamplea  on  heating. 
•  TIm  Jane  and  Angoat  samplee  were  eolleeted  from  the  pond,  and  the  othera,  from  a  faucet. 


Water  Supply  of  Springfield  and  Ludlow. 

The  sources  of  supply  are  a  storage  reservoir  and  basin  in  Ludlow, 
which  are  fed  by  several  brooks,  and  Chapin  Pond  in  Ludlow, 

Ludlow  Reservoir  has  an  area  of  445  acres,  a  capacity  of 
1,992,000,000  gallons  and  an  average  depth  of  13.7  feet.  A  con- 
siderable portion  of  the  bottom  is  covered  with  mud.  When  the 
reservoir  was  constructed  an  area  of  about  6%  acres  of  the  most 
objectionable  material  was  covered  with  sand  to  a  depth  of  1.5  feet 
and  all  of  the  bushes  and  trees  were  removed.  The  shores  of  the 
reservoir  as  a  rule  are  abrupt.  The  reservoir  is  fed  by  a  direct 
water-shed  of  2.55  square  miles,  and  by  Higher,  Axe  Factory  and 
Jabish  brooks,  which,  with  the  canals  which  convey  the  water  to 
the  reservoir,  have  a  combined  water-shed  of  19.59  square  miles, 
making  the  total  water-shed  tributary  to  Ludlow  Reservoir  22.14 
square  miles. 

The  water  of  Ludlow  Reservoir  is  of  such  a  poor  quality,  owing 
to  the  presence  of  enormous  numbers  of  organisms  in  the  reservoir 
at  certain  seasons  of  the  year,  that  a  basin  has  been  made  by  sepa- 


332 


STATE  BOAED  OF  HEALTH.         [Pub.  Doc. 


SPBINGFLEIiD  AND  LTJDIiOW. 

rating  a  small  portion  from  the  rest  of  the  reservoir.  Water  from 
the  canals  is  discharged  into  this  basin  without  passing  through  the 
storage  reservoir,  and  when  the  supply  from  other  sources  is  in- 
sufficient water  from  the  reservoir  is  drawn  into  the  basin  and 
supplied  to  the  city.  The  basin  has  an  area  of  12  acres  and  a 
capacity  of  50,000,000  gallons. 

Chapin  Pond,  which  is  used  as  a  supplementary  source  of  sup- 
ply, has  an  area  of  32  acres  and  has  no  visible  inlet  or  outlet.  It 
is  situated  in  a  sandy  plain  and  is  largely  fed  by  springs.  The 
organism  Uroglena  has  appeared  several  times  in  the  water  of  this 
pond. 


Chemical  Examination  of  Water  from  the  Receiving  Basin  of  the  SprinQfield 

Water  WorkSy  at  Ludlow, 

[Parts  per  100,000.] 


9Q 


21804 
S2084 
22476 
22819 
28000 
28400 
28840 
24195 
24S09 
24960 
26276 
26672 
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At. 


1898. 

Jan.  10 

Feb.  7 
Mar.  7 
Apr.  12 
May  0 
Jane  8 
July  11 
Aug.  8 
Sept.  12 
Oet.  10 
Nov.  7 
Deo.    7 
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V.  Slight. 

Blight 

V.sUght. 

V.  slight. 

V.  slight. 

V.sUght. 

V.  slight. 

V.sUght 

V.sUght. 

BUght. 

V.sUght. 

V.sUght. 


Slight. 

Blight. 

V.sUght. 

Slight. 

BUght. 

Cods. 

Cods. 

Slight. 

Slight. 

Slight. 

V.sUght. 

V.sUght. 
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2.86 
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2.T6 
4.80 
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6.26 
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.0012 
.0006 
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.0044 
.0006 
.0000 


I. 0011 
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.0280 
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.0080 
.0094 
.0108 
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.0128 
.0060 
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.0010 
.0020 
.0042 
.0044 
.0070 
.0078 
.0048 
.0018 
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.22 
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.0000  .84 
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.0002 
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.14 
.48 
.82 
.68 
.66 
.82 
.61 
.44 


.46 


1.4 
1.0 
0.8 
0.8 
0.8 
0.8 
0.6 
1.1 
1.0 
1.1 
0.8 
0.6 


0.9 


Odor,  geDerally  faintly  vegetable,  oooaaionaUy  none,  sometimes  mosty. 
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Chemical  Examination  of  Water  from  Ludlow  Reservoir. 

[PftrU  per  100,000.] 
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Appbajulvob. 

Bbsidur  oh 

EVAPOBA- 
TION. 

Ammobxa. 
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Albuminoid. 
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1 

00 
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Jan.  10 

Slight. 

BUght. 

.82 

8.10 

1.60 

.0080 

.0288 

.0212 

.0076 

.0080 

.0001 

.40 

1.8 

29066 

Feb.    7 

V.eUght. 

BUght. 

.86 

8.10 

1.86 

.0044 

.0230 

.0170 

.0050 

.20 

.0080 

.0000 

.40 

1.4 

23476 

BCar.    7 

Blight. 

BUght. 

.88 

2.00 

0.00 

.0022 

.0164 

.0114 

.0060 

.08 

.0060 

.0000 

.88 

0.8 

22818 

Apr.  12 

Blight. 

y.sttght. 

.21 

2.66 

1.06 

.0008 

.0108 

.0180 

.0068 

.14 

.0010 

.0000 

.20 

0.6 

28080 

May    0 

V.  slight. 

Cons. 

.26 

2.86 

1.16 

.0008  .0810 

.0148 

.0062 

.16 

.0080 

.0000 

.60 

0.6 

28408 

JoBe   6 

V.sUght. 

BUght. 

.87 

2.60 

0.00 

.0010  .0266 

.0168 

.0008 

.15 

.0010 

.0000 

.26 

1.0 

28841 

July  11 

V.  slight. 

Cone. 

.84 

2.70 

1.60 

.0004.0288 

.0219.0066 

.13 

.0000 

.0000 

.82 

0.6 

24104 

Aug.  8 

BUght. 

Cone. 

.82 

2.70 

1.00 

.0002.0644 

.0214  .0880 

.14 

.0000 

.0000 

.82 

0.6 

24S08 

Sepl.l2 

V.  slight. 

Cone. 

.24 

2.70 

1.70 

.0004.0666 

.0204  .0272 

.12 

.0000 

.0001 

.80 

0.6 

84861 

Oet.  10 

SUght. 

Cons. 

.80 

8.26 

1.96 

.0016 

.0604 

.0860.0884 

.16 

.0000 

.0000 

1 

.46 

0.6 

26274 

Nov.    7 

Blight. 

Cone. 

.80 

8.60 

1.06 

.0088 

.0786 

.0828.0408 

.16 

.0020 

.0000 

.46 

0.6 

25671 

Dee.    7 

BUght. 

y.eUght. 

.81 

8.86 

1.76 

.0074 

.0802 

.0268.0044 

.12 

.0010 

.0000 

1 

.44 

0.6 

Averages  by  Years, 


• 

1888 

- 

- 

.18 

2.91 

1.20 

.0019 

.0882 

- 

• 

.12 

.0047 

.0001 

- 

- 

- 

1888 

- 

- 

.12 

2.42 

1.08 

.0028 

.0461 

.0287 

.0224 

.10 

.0068 

.0002 

- 

- 

- 

1880 

- 

- 

.16 

2.96 

1.64 

.0029 

.0887 

.0210 

.0177 

.10 

.0066 

.0001 

- 

0.9 

- 

1801 

- 

- 

.20 

8.00 

1.42 

.0060 

.0426 

.0228 

.0197 

.00 

.0060 

.0001 

- 

- 

1898* 

- 

- 

.26 

8.41 

1.41 

.0006 

.0277 

.0189 

.0068 

.18 

.0049 

.0001 

- 

• 

1808t 

- 

- 

.47 

4.11 

2.08 

.0011 

.0876 

.0260 

.0116 

.14 

.0019 

.0001 

.68 

- 

1884 

- 

- 

.87 

8.89 

1.47 

.0009 

.0321 

.0106 

.0056 

.16 

.0018 

.0000 

.42 

- 

U96 

- 

- 

.29 

8.86 

1.66 

.0028 

.0316 

.0201 

.0114 

.18 

.0080 

.0000 

.41 

- 

1896 

- 

- 

.96 

8.25 

1.41 

.0042 

.0404 

.0820 

.0184 

.16 

.0081 

.0000 

.87 

• 

1807 

- 

- 

.88 

8.88 

1.67 

.0089 

.0458 

.0267 

.0186 

.16 

.0028 

.0000 

.48 

T 

1898 

- 

- 

.29 

2.90 

1.44 

.0020 

.0878 

.0218 

.0156 

.16 

.0016 

.0000 

.88 

0.7 

*  Jaooary  to  Beptcmber.  f  ^^7  ^  Deeember. 

NovB  to  aulyeee  oi  1808 :  Odor,  generelly  Tegeteble,  oooeslooally  gneey,  eometlmee  dleegreeable. 
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Microscopical  Examination  of  Water  from  Ludlow  Beservoir, 

[Namber  of  organltma  per  onblc  oentlmeter.] 


18M. 


Jan. 


F«b. 


Mar. 


Apr. 


May. 


June. 


July. 


Aog. 


Sept. 


Oct. 


KOT. 


Day  of  examination,  . 
Nnmber  of  aample,    • 


PLAKT8. 
Diatomaceeo, 


Aaterlonellai 
Cyelotella,  . 
FragUarla,  • 
Melosira,  • 
Byuedra,       . 


CyanophycesBp  • 


Anab»n«,  . 
Ciathroeystla, 
CoBloaph»rinm, 


Boenedeamaa, 


ANIMALS. 
Bbizopoda,  . 


InftiBorla*     . 

DInobryoD,  . 
Mallomonaa, 
Pertdlnium, . 
Vortteeila,    , 


Vermes, 


OruBtacea, 


Cyclopa, 
Dapbnia, 
Entomoaincan  ova, 


MttctUanmutt  ZoSgloM, 


Total, 


11 
21806 


8 


8 


2208622476 


18 
22818 


10 
2S089 


7 

28408 


12 
28841 


0 
24104 


IS 

24M8 


120 

108 
0 
2 
0 
8 


n 

0 

0 

72 


0 
0 


0 
0 
2 
0 


pr. 


0 

0 

pr. 


0 
1 
0 
0 
1 


0 
0 
1 


6 

0 


so 

2 
0 
0 
0 
8 


0 
0 
0 


0 
0 


0 
0 
1 
0 


pr. 


pr. 
0 
0 


0 
0 
1 
0 


0 
0 
0 


tie 

62 
0 
22 
00 
83 


n 

2 

0 
24 


4t 

6 


1,700 

1,052 

2 

18 

880 

216 


841 
14 


260 
6 
6 
0 


0 
0 
0 


It 

0 
2 
6 
0 


pr. 


pr 


10 


It 


0 


188 

10 

116 

0 

0 


pr. 


pr. 


202 


18 


86 


60S    1,764 


776 


0 


14 

0 
2 

2 
10 


0 
0 
0 


0 
0 
0 
0 


pr. 

pr. 
0 
0 


10 


50 


082 


786 


IS 

0 
0 
8 
0 


0 
0 
0 


IS 


664 


12 
24951 


577 

76S 

4S8 

ISO 

85 

82 

0 

0 

0 

2 

142 

82 

70 

782 

288 

12 

468 

0 

0 

112 

8 

0 

2 

4 

S 

15S 

tis 

810 

0 

16 

82 

0 

2 

54 

60 

0 

4 

88 

124 

840 

4S 

84 

80 

8t 

14 

4 

6 

12 

8 

25274!265n 


6 
14 

108 
644 

4 


tTO 

16 
2 

40|    44 
lost      6 
6       0 


105 

86 
11 


TOt.lJSS    40 


648;  1,1201    40 
Oi        2       0 
48       14       0 


80 

16 


12 


t 

0 


40 

0 
12 
22 

0 


pr, 

pr. 
0 
0 


It 

4 

01 


0 

1 

0 
0 


4      0 


0  pr. 

0  6 

01  0 


It 


.s<   . 


1,658  MSSi  160 
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SPRINGFrELD  AND  I^UDLOW. 

Chemical  Examination  of  Water  from  Ludlow  Reservoir^  collected  near  the  Bottom, 

[ParU  per  100,000.] 


1 

1 

•s 

Appbasancs. 

KB8IDCB  ON 

EVAPORA.- 

TlOiC. 

AmfomA. 

• 

e 
1 

s 

.22 

NiTKOOBB 
A8 

• 

B 

D 
« 

e 

s, 
1 

6 

1 

4J 

1 

1 

LosBon 
Ignition. 

• 

1 

Albuminoid,     i 

i 
1 

* 

: 

i 

^ 

■8 
S 

m 

s 

Sus- 
pended. 

s 

1 

S3 

31806 

1898. 

Jan.   10 

Slight. 

1 

Sllffbt. 

.81 

3.50 

1.60 

.0042 

.0800 

.0236 

.0064 

1 

.0030 

.0001 

.40 

1.1 

Odori  faintly  vagetabla,  becoming  dlatinetly  vegetable  and  graaay  on  beating. 


Chemical  Examination  of  Water  from  Chapin  Pond,  Lvdlow, 

[Parts  per  100,000.] 


• 

Apfbabamob. 

Ubsidub  oh 

EVAPORA- 
TIOK. 

AVMOVIA. 

§ 
.16 

KiraooBN 

A* 

i 

B 

0 
• 

1 

• 

• 

1 

■ 

a 

• 

1 

• 

a 
o 

r 

1 

Albuminoid. 

1 

1 

»    1 

1 

1 

1 
1 

• 

a 

00 

• 

sao88 

1888. 

Feb.     7 

V  alight. 

SUght. 

•08 

2.05 

0.95 

.0082 

.0166 

.0162 

.0004 

.0080 

1 

.0000 

1 

.26 

1.0 

2S4T9 

Mar.    7 

Slight. 

Sliglit. 

.10 

2.16 

1.06 

.0062 

.0204 

.0186 

.0018 

.15 

.0080 

.ooooi 

.32 

0.6 

22821 

.Apr.  12 

V.allght. 

Slight. 

,10 

2.80 

1.05 

.0058 

.0192 

.0168 

.0024 

.09 

.0070 

.OOOl' 

.26 

0.5 

880O2 

May     9 

V.  alight. 

Slight. 

.11 

2.75 

1.00 

.0016 

.0194 

.0172 

.0022 

.15 

.0070 

.0001 

.24 

0.5 

23407 

Jnne    6 

I V.  alight. 

V.allght. 

.15 

2.00 

0.90 

.0006 

.0194 

.0182 

.0012 

.15 

j  ■ 

.0020 

.OOOl! 

.29 

0.8 

28889 

July  11 

Slight. 

Slight. 

.00 

2.85 

1.80 

.0008 

.0248 

.0176 

.0072 

1.11 

.0000 

.0001 

.29 

0.5 

24108 

Aug.  8 

V.  slight. 

Slight. 

.10 

2.25 

1.80 

.0000 

.0286 

.0194 

.0042 

.08 

.0010 

.0000 

1 

.28 

1.0 

24807 

Sept.  12 

Slight. 

Slight. 

.00 

2.00 

1.05 

.0004 

.0252 

.0194 

.0068 

.08 

.0000 

.OOOl' 

1 

.31 

0.5 

2»48 

Oct.   10 

Slight. 

Slight. 

.06 

2.20 

1.10 

.0010 

.0228 

.0204 

.0024 

.13 

.0000 

.0000 

.26 

0.8 

2B278 

Nov.    7 

V.allght. 

Slight. 

.10 

2.65 

0.90 

.0014 

.0876 

.0214 

.0062 

.16 

.0010 

.0000 

.24 

0.5 

25688 

Dee.     7 

V.  Blight. 

V.  Blight. 

.00 
.10 

2.50 

1.25 

.0014 
.0027 

.0146 
.0212 

.0180 

.0016 

.11 

.12 

1 

.0010 
.0023 

.0000 
.0000 

.22 
.27 

0.5 

Av«  -  . 

2.29 

1.08 

1 
.0180.0032 

0.6 

1 

Odor,  vegetable  or  none.   On  heating,  the  odor  in  two  of  the  samples  became  UDpleaaant,  and  in 
December  dlatinetly  fiahy. 
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Chemical  Examination  of  Water  from  Loon  Pond^  Springfield. 

[Parts  per  100,000.] 


Date  of  Collection. 

AppsaRABcn. 

ItaaiODB  on 
EvaFOBA- 

TIOX. 

AMMOVIA. 

• 

• 
a 

.82 
.25 
.10 
.21 
.25 
.22 
.22 
.20 
.22 
.21 
.28 
.22 

.28 

NmooBV 

AS 

,          1 

3 

e 

• 

1 

1 

1 

& 

1 

•  •-• 

3 

• 

1 

Albuminoid. 

« 
1 

s 

S  - 

si 

1 

'A 

H 

1 

1 

s 

• 

00 

i 
1 

21808 
22085 
22478 
22820 
23091 
23410 
23S42 
24196 
24000 
24940 
25276 
25570 

1898. 

Jan.  10 
Feb.    7 
Mar.    7 
Apr.  12 
Ifay    9 
Jane  6 
July  11 
Aag.   8 
Sept  12 
Oct.  10 
Nov.    7 
Dec.    7 

V.  slight. 
Slight. 
Slight. 
V.  slight. 
V.  slight. 
V.  slight. 
Slight. 
V.  slight 
V  Blight. 
V.  Blight. 
V.  slight. 
V.  slight. 

Slight. 

Cons. 

Cons. 

Slight. 

Slight 

V.  slight. 

Cods. 

Slight. 

Cons.    * 

V.BllKht. 

V.  slight. 

Slight. 

.04 
.04 
.08 
.06 
.01 
.04 
.08 
.06 
.08 
.04 
.05 
.12 

.06 

8.00 
2.70 
2.86 
2.80 
2.85 
2.40 
2.65 
2.20 
2.40 
2.60 
2.86 
2.20 

1.60 
l.IO 
1.00 
1.00 
0.90 
0.90 
1.20 
1.00 
1.20 
1.80 
1.40 
1.00 

.0028 
.0036 
.0020 
.0008 
.0014 
.0016 
.0004 
.0004 
.0004 
.0014 
.0000 
.0006 

.0018 

.0874 
.0164 
.0134 
.0152 
.0142 
.0176 
.0244 
.0202 
.0228 
.0190 
.0186 
.0140 

.0104 

.0842 

.0150 
.0114 
.0124 
.0126 
.0152 
.0184 
.0166 
.01R2 
.0172 
.0178 
.0126 

.0168 

.0032 

.0014 

.0020 

.0028. 

.0016' 

.0024 

.00601 

.0036 

.0046 

.0018 

.0008 

.0014 

.0028 

.0060 
.0080 
.0080 
.0090 
.0050 
.0020 
.0000 
.0000 
.0000 
.0000 
.0030 
.0010 

.0085 

.0001 

.0000 
.0001 

.ooor 

.0001 

.0001 

.0000 

.0000' 

.0000 

.0001 

.0000 

.0000. 

■ 

.18 
.16 
.18 
.14 
.22 
.20 
.16 
.15 
.23 
.21 
.17 
.16 

1.1 
1.1 

0.8 
0.8 
0.8 
0.6 
0.6 
0.8 
1.0 
0.8 
0.8 
0.6 

Av... 

2.60 

1.12 

.0000  -IK 

0.8 

i 

1 

Odor,  faintly  Tefatable  or  none. .  This  pond  la  not  used  as  a  soaroe  of  water  snpply. 


Chemical  Examination  of  Water  from  Five  Mile  Pond^  Springfield. 

[ParU  per  100,000  ] 


Kbbidub  ob 

»,                1 

• 

1 

1 

Apfbabamcs. 

EVAFOBA- 
TIOM. 

AmioviA. 

1 

e 

MmOOBH 

AS 

'  ■ 

1 

B 

c 

g 

8 

• 

• 

1 

1 

Loss  on 
Igntdon. 

t 

Albuminoid. 

1 

9i 

» ! 

7i 

1 

• 

1 

m 

•a 

il 

to 

M 

1898. 

• 

21802 

Jan.   10 

V.  slight. 

Cons. 

.16 

2.45 

1.55 

.0016 

.0874  .0852 

.0022 

.24 

.0080  .0001' 

.88 

0.8 

22082 

Feb.     7 

V.  slight 

Slight. 

.12 

2.65 

1.25 

.0044 

.0384.0280 

.0054 

•24  1 

.00301.0000 
.0000.0000' 

.42 

I.l 

22477 

Mar.    7 

V  Blight. 

V.  Blight. 

.12 

1.90 

1.10 

.0028  .0216  .0178 

.0088,:. 12 

.86 

22822 

Apr.  12 

V.  slight. 

Cons. 

.12 

2.00 

0.80 

.0000.0202.0184 

.0018, 

.14 

.0020 

.0000 

.29 

23098 

May     0 

V.  Blight. 

Slight. 

.17 

2.85 

1.10 

.0006  .0202  .0178 

.0024! 

.16 

.0070 

.0000 

.29 

•^3406 

June    6 

y.  slight. 

V.  slight. 

.17 

2.05 

1.10 

'.0008 

.0288  .0806  .00821 

.16 

.0010 

.0001 

.92 

2^838 

July  11 

V.tllvht. 

Slight. 

.15 

2.40 

1.40 

1.0014 

.0282  .0262 

.0030 

.18 

.0010  .0000] '.88 

24102 

Aug.    8 

V.  (flight. 

y.HllKht. 

.13 

2.50 

1.50 

1.0002 

.0276  .0238 

.0U38' 

.11 

.0000  .00001  .85 

0.8 

24.'M>6 

Sept.  12 

V.  Bllicht. 

Slight. 

.12 

1.75 

l.^*^ 

j.0010 

.0268.0228 

.0040' 

.10 

.0000  .0000' .88     0.8 

24947 

Oct.    10 

V.slUht. 

V.slivht. 

.10 

2.15 

1.25 

.0000 

.(i2U  .0214 

.0080 

.16 

.0000.0000: 

.84 

0.2 

ZbiTI 

Nov.    7 

V.  slight. 

y.  slight.  .14  i 

2.00 

1.00 

.0030 

.0226  .0210 

.0016 

.18 

.0060 

.0000 

.82 

0.5 

25500 

Deo.     7 

V.  Blight. 

y.  slight. 

.15 
.14 

2.20 

1.10 

.0020 
.0015 

.0168 
.0252 

.0150 
.0222 

.0018 

.0080 

1 

.11 
.15 

.0010 
.0019 

.0000 
.0000' 

1 

.80 

0.1 

Av... 

2.24 

1.20 

.84 

0.5 

Odor,  vegetable.   On  heating,  the  odor  of  the  May  and  December  samplea  becaoM  dlailoetly  flshy. 
This  pond  is  not  used  as  a  sonroe  of  water  snpply. 
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STOCKBBrDOB, 

Water   Supply  op  Stockbridge.  —  Stogkbridge  Water  Com- 
pany. 

The  sources  of  supply  are  a  small  reservoir,  fed  by  a  mountain 
stream,  and  Lake  Averic  in  Stockbridge.  The  reservoir  has  a 
capacity  of  94,500  gallons,  and  is  fed  by  a  small  water-shed  which 
is  uninhabited.  Lake  Averic  has  an  area  of  50  acres  and  a  water- 
shed of  1.8  square  miles,  which  is  uninhabited.  The  water  of 
Lake  Averic  has  been  affected  on  several  occasions  by  the  presence 
in  the  water  of  large  numbers  of  the  organism  Uroglena, 

Chemical  Examination  of  Water  from  Lake  Averic^  Stockbridge. 

[ParU  per  100,000.] 


• 

& 

APPIARAirCB. 

Kksiddb  oh 
jcvapoba- 

TIOM. 

AMMOmA. 

• 

1 

.08 

NlTlOOBM 

AS 

1 

m 

1 

a 
1 

S 

• 

1 

• 

1 

i: 

^ 

Loss  on 
Ignition. 

1 

Albuminoid. 

« 

1 

• 

to 

H 

• 

I 

1 

i 

n 

SM8B 

IMS. 

Jan.  36 

V.elight 

V.  slight. 

.13 

6.20 

1.06 

.0004 

.0184 

.0116 

.0018 

.0060.0000 

.80 

4.0 

22818 

F«b.  22 

v.  Blight. 

V.  slight. 

.12 

6.76 

1.16 

.0088 

.0088 

.0070 

.0018 

.10 

.0180.0000 

.24 

6.0 

22831 

BCar.  22 

V.  slight. 

V.sUght. 

.12 

7.16 

1.40 

.0008 

.0114 

.0008 

.0016 

.08 

.0060.0000 

.10 

6.0 

220S4 

Apr.  20 

Slight. 

Slight. 

.08 

6.60 

1.10 

.0000 

.0128 

.0088 

.0068 

.06 

.0020.0000 

.18 

3.8 

S32Q8 

Umj  U 

Blight. 

Slight. 

.18 

6.60 

1.86 

.0010 

.0140 

.0128 

.0012, 

.08 

.0000.0000 

.20 

8.8 

28978 

June  21 

V.eUght. 

SUght. 

.11 

6.16 

0.66 

.0048 

.0160 

.0106 

.0044 

.or 

.0010  .0000 

.26 

8.6 

240M 

JBI720 

V.eUffht. 

V.sUght. 

.11 

8.15 

1.86 

.0016 

.0186 

.0166 

.0020 

1 

.03 

.0000.0000 

.27 

3.6 

24410 

Aag.2a 

V.  slight. 

V.slight. 

.12 

0.05 

1.86 

.0006 

.0186 

.0170 

.0010 

.04 

.0020 

.0000 

.81 

3.0 

24807 

8«pl.27 

V.  slight. 

Slight 

.18 

6.80 

1.80 

.001  r  .0182 

.0162 

.0060 

.06 

.0040 

.0000 

.81 

4.2 

25163 

Oct.  25 

V.  slight. 

None. 

.18 

6.76 

1.60 

.0016 

.0182 

.0162 

.0010 

.08 

.0010'. 0000 

.84 

4.4 

25487 

Nov.  22 

V.  slight. 

SUght 

.18 

0.60 

1.60 

.0004 

.0126 

.0124 

.0002 

.06 

.0080 

.0000 

.80 

6.0 

25707 

Deo.  19 

V.sUght. 

BUght. 

.19 
.14 

7.10 

1.60 

.0004 
.0014 

.0184 
.0144 

.0102 

.0082 

.06 
.07 

.0000 
.0086 

.0002 
.0000 

.30 

4.0 

At... 

8.80 

1.83 

.0128 

.0021 

.27 

4.3 

Odor,  fslntly  vegetable  or  none.   On  heating,  the  odor  became  generally  dlstlnotly  vegetable  and 
sometimes  also  naonldy  or  earthy;  In  April,  flshy;  and  in  September,  faintly  oily. 


Microscopical  Examination, 

The  sample  cotlaeted  In  June  eontained  4,080  IHnobr^on  per  enbSo  oentlmeter.    An  instgniflcaiit  nimi- 
ber  of  oifaalame  was  found  In  eaeh  of  the  other  samples. 


Water  Supply  or  Stoneham. 

(See  Wakefield,) 
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STOUGBTTOM'. 


Water  Supply  of  Stoughton. 


The  source  of  supply  is  a  well  near  Muddy  Pond  Brook,  about  a 
quarter  of  a  mile  below  Muddy  Pond  in  Stoughton.  The  well  is  6 
feet  in  diameter  and  39  feet  deep,  and  has  connected  with  it  lines 
of  drain  pipe  laid  with  open  joints  to  collect  the  water  from  the  ground 
in  the  vicinity  of  the  well.  Water  for  the  supply  of  the  town  is 
also  taken  directly  from  the  brook.  The  brook  has  a  water-shed 
above  the  well  of  1.83  square  miles.  Much  of  the  water-shed  is  of 
porous  soil,  and  there  is  a  large  number  of  springs  on  the  shores 
of  Muddy  Pond. 

Chemical  Examination  of  Water  from  the  WeU  of  the  Stoughton  Water  Works. 

[Parte  per  100,000.] 


Date  of 

Collection. 

AmARAVCB. 

4 

I 

Ammomia.. 

1 

UlTBOOSV 

Aa 

• 

1 

1 

1 

1 

^9 

^ 

1 

1 

1 

i1 

1 

S 

i 

2S142 

1898. 

Feb.  10 

V.sHght. 

V.aUght. 

.81 

8.60 

.0004 

.0088 

.41 

.0100 

.0000 

.27 

1.6 

mt 

22298 

Feb.  20 

V.aUght. 

Blight. 

.80 

8.80 

.0002 

.0000 

.89 

.0080 

.0000 

.28 

0.0 

•Wiflw 

22888 

Apr.  14 

V.  alight. 

V.aUght. 

.26 

8.80 

.0010 

.0074 

.41 

.0070 

.0000 

.87 

0.8 

- 

28782 

June  28 

Deeided. 

Oona. 

.10 

6.00 

.0008 

.0162 

.88 

.0080 

.0000 

.88 

0.6 

.0070 

24478 

Aug.  20 

Slight. 

SUght. 

.22 

4.80 

.0000 

.0000 

.88 

.0020 

.0000 

.80 

1.0 

.0210 

28100 

Oet.  28 

None. 

V.ettght. 

.84 
.24 

4.80 

.0000 

.0084 

.80 

.0040 

.0000 

.42 

0.8 

.0080 

At.*. 

4.40 

.0004 

.0091 

.88 

.0060 

.0000 

.86 

0.9 

.0096 

*  Where  more  than  one  aample  waa  ooUeoted  in  a  month,  the  mean  analyala  tor  that  montli  haa  beea 
need  in  making  the  average. 

Odor,  none.   On  heating,  the  odor  In  Febrnary  became  faintly  Tegvtable,  In  Jone  faintly  nnaty,  and 
in  October  ftdntly  monldy. 


Water  Supply  op  Swampscott  and  Nahant.  —  Marblehead 

Water  Company. 

The  sources  of  supply  are  four  systems  of  wells  in  Swampscott 

The  original  source  of  supply  is  a  well  26  feet  in  diameter  and 

20  feet  deep,  located  on  the  bank  of  Stacy's  Brook  in  Swampscott. 

Seventy-two  tubular  wells,  having  an  average  depth  of  40  feet,  are 

located  in  the  valley  of  the  brook  above  the  large  well*     Stacy's 
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SWAMPSCOTT  ANB  NAHAKT. 

Brook  receives  a  large  amount  of  sewage,  and  is  highly  polluted. 
The  wells  are  also  not  far  from  the  sea  and  the  water  drawn  from 
them  is  affected  at  times  by  the  infiltration  of  a  small  amount  of 
sea  water. 

The  second  source  of  supply  is  a  system  of  46  tubular  wells, 
located  in  Paradise  Boad,  a  short  distance  north-west  of  the  pump- 
ing station.  These  wells  have  been  sunk  through  clay  and  gravel 
to  rock. 

The  third  source  is  a  system  of  17  tubular  wells,  located  a  short 
distance  east  of  the  Swampscott  railroad  station. 

The  fourth  source  is  a  system  of  21  tubular  wells  at  the  southerly 
end  of  Thompson  Meadow,  just  north  of  the  boundary  line  between 
Swampscott  and  Salem. 


Chemieai  Examination  of  Water  Jrom  the  Wells  of  the  MarbUhead  Water  Com- 

panyt  Swampscott. 

[Puto  per  100,000.] 


» 


W77J 
22071 
2243ft 
22764 
2S142 
2S370 


m 


1 


24611 
21294 


At. 


Jan.  4 
Feb.  8 
Mar.  2 
Apr.  6 
May  12 
Jaae  2 
Jal7  6 
A«ff.  2 
Bepi.12 
Oct.  7 
Not.  7 
Dee.    6 


Afpbaxavob. 


Nmie. 

V.aUght. 

Blight. 

V.  slight. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 


None. 

Com. 

Oone. 

Cone. 

None. 

None. 

V.  slight. 

None. 

None. 

None. 

None. 

None. 


I 


.01 
.02 
.02 
.01 
.01 
.08 
.08 
.00 
.00 
.08 
.00 
.01 


4 


14.40 
14.10 
14.90 
14.90 
80.80 
41.20 
10.20 
18.10 
18.40 
87.90 
80.00 
28.00 


.02  R  27.82 


AXMOHIA. 


I 


.0008 
.0004 
.0000 
.0000 
.0000 
.0000 
.0000 
.0008 
.0004 
.0002 
.0000 
.0000 


I 

a 

a 

< 


.0008 


.0008 

.0022 
.0018 
.0020 
.0046 
.0020 
.0018 
.0022 
.0018 
.0044 
.0010 
.0008 


.0021 


i 

I 


1.84 
1.00 
1.76 
1.92 
9.70 

11.88 
1.64 
1.68 
2.40 

20.76 
7.66 
6.60 


8.41 


NiTBOOSV 
▲8 


I 


.0600 
.0660 
.0760 
.0760 


.2680 
.0660 
.0690 
.2160 
.8900 
.0940 
.8040 


I 
1 


.1666 


.0001 
.0000 
.0000 

.0000 
.0000 
.0000 
.0001 
.0000 
.0006 
.0002 
.0000 
.0000 


.0001 


9 


& 


.02 
.02 
.01 
.02 
.06 
.08 
.02 
.02 
.08 
.11 
.06 
.06 


.04 


i 

a 

1 

n 


7.9 

8.4 

7.7 

8.1 

17.0 

10.6 

8.8 

7.6 

8.4 

86.0 

12.4 


.0020 

.0180 

.0270 

.0880 

.0020 

.0010 

.0010 

.0000 

.0030 

.0030 

.0020 


11.8    .0080 


12.4 


.0079 


Odor,  oone.— -Noe.  28142  end  24611  were  ooUeeted  from  a  faneet  at  the  pumping  etotlon;  the 
ethen,  from  n  fMeet  In  the  town.  The  eamplee  generally  repreeent  water  from  the  large  well,  mixed 
with  water  from  the  weUi  In  Paradiee  Bead. 


340 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


8WAMP8COTT  AND  NAHANT. 

Chemical  Examination  of  Water  from  a  System  of  Tubular  Wells  a  Short  Distanee 
East  of  the  SwampscoU  Station  on  the  Boston  A  Maine  Bailroad. 

[Parte  per  100,000.] 


Date  of 

CoUeciion. 

Appsabancb. 

• 

AXMOIRA. 

i 

Minoou 
▲a 

1 

• 

i 

e 

1 

1 

65 

»; 

■M 

1 

1 

• 

• 

1 

• 

• 

1 

21778 

1898. 

Jan.    4 

None. 

None. 

.01 

14.80 

.0002 

.0008 

1.85 

.0600 

.0004 

.02 

8.0 

.0029 

22070 

Feb.    8 

None. 

None. 

.00 

18.00 

.0002 

.0016 

1.62 

.0760 

.0008 

.02 

8.1 

.0000 

22487 

Mar.    2 

None. 

None. 

.00 

14.40 

.0004 

.0016 

1.74 

.0760 

.0000 

.01 

T.O 

.0010 

22763 

Apr.    6 

None. 

None. 

.00 

14.40 

.0000 

.0006 

1.85 

.0780 

.0001 

.02 

8.0 

.0070 

28170 

May  le 

None. 

None. 

.04 

15.00 

.0004 

.0014 

1.70 

.0020 

.0001 

.08 

8.0 

.0010 

23881 

June  2 

None. 

None. 

.01 

14.00 

.0008 

.0020 

1.60 

.0840 

.0000 

.08 

7.0 

.0010 

23904 

July    5 

None. 

None. 

.00 

15.80 

.0000 

.0016 

l.TS 

.0880 

.0006 

.08 

7.0 

.0090 

24137 

Aug.   2 

None. 

None. 

.00 
.01 

15.00 

.0010 

.0012 

1.60 

.0700 

.0007 

.08 

8.0 

.OOW 

Av. . . 

14.70 

.0004 

.0018 

1.74 

.0781 

.0008 

.02 

8.0 

.0022 

..  .. 

Odor,  none. The  aamplee  were  oollectod  from  a  faaoet  at  the  pumping  etatioo. 

Chemical  Examination  of  Water  from  Tubular  Wells  at  the  Southerly  End  of 

Thompson  Meadow  in  Swampseott  and  Salem, 

[Parte  per  100,000.] 


Date  of 

Collection. 

Appbabavob. 

• 

M 

AmcoviA. 

i 

MtTBOOB* 
AS 

• 

s 

i 

• 

1 

• 

1 

1 

Albu- 
minoid. 

1 

s 

• 

1 

21771 

1898. 

Jan.     4 

None. 

None. 

.01 

81.50 

.0004 

.0082 

1.28 

.0420 

.0001 

.08 

IT.O 

.0020 

28000 

Feb.    8 

None. 

None. 

.01 

28.00 

.0000 

.0024 

1.30 

.0800 

.0000 

.08 

18.0 

.0000 

22486 

Mar.    2 

None. 

None. 

.02 

20.40 

.0004 

.0016 

1.60 

.0780 

.0008 

.02 

12.1 

.0010 

22766 

Apr.    6 

None. 

V.  alight. 

.00 

28.40 

.0002 

.0020 

1.28 

.0180 

.0000 

.08 

18.S 

.OOM 

23148 

May  12 

None* 

None. 

.02 

22.80 

.0006 

.0080 

1.10 

.0820 

.0001 

.02 

18.0 

.0070 

23380 

Jane   2 

None. 

None. 

.02 

21.70 

.0000 

.0026 

1.21 

.0280 

.0000 

.06 

U.O 

.0010 

28803 

Jnly    5 

None. 

None. 

.00 

21.60 

.0000 

.0028 

1.28 

.0270 

.0001 

.04 

10.9 

.0010 

24185 

Ang.    2 

None. 

None. 

.05 

21.50 

.0010 

.0080 

1.82 

.0420 

.0006 

.05 

10.0 

.0110 

24610 

Sept.  12 

None. 

Slight. 

.00 

21.20 

.0014 

.0056 

1.26 

.0480 

.0000 

.16 

U.l 

.0060 

24985 

Oct.    7 

None. 

V.  alight. 

.06 

21.10 

.0004 

.0048 

1.85 

.0420 

.0001 

.10 

11.0 

.0660 

25204 

Nov.    5 

None. 

y.aUght. 

.08 

18.80 

.0000 

.0018 

1.80 

.0270 

.0000 

.02 

0.1 

.0080 

25558 

Deo.    0 

None. 

None. 

.00 
.08 

22.70 

.0002 

.0018 

1.00 

.0640 

.0000 

.06 

11.6 

.OOSO 

Av 

22.97 

.0004 

.0028 

l.SO 

.0857 

.0001 

.06 

U.4 

.0080 

Odor,  n<»e.< 
Meadow. 


•The  aemplet  were  coUeotod  from  n  fnncet  at  the  pumping  itBtloD  la  Tbonpaoa 
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TAUNTON, 


Water  Supply  of  Taunton. 


The  sources  of  supply  are  Elder's  and  Assawompsett  ponds  in 
Lakeville.  Elder's  Pond  has  an  area  of  145  acres,  a  maximum 
depth  of  55  feet  and  a  water-shed  of  0.53  of  a  square  mile,  contain- 
ing a  population  of  50  per  square  mile.  Assawompsett  Pond  is  the 
lowest  in  a  chain  of  several  large  ponds.  It  has  an  area  of  2,488 
acres  and  a  total  contributing  water-shed  of  50.4  square  miles,  which 
contains  considerable  swampy  land  and  several  other  large  ponds. 
There  is  a  population  of  about  35  per  square  mile  on  the  water- 
shed. Water  for  the  supply  of  the  city  is  taken  from  Elder's  Pond, 
and  water  from  Assawompsett  Pond  is  pumped  to  Elder's  Pond. 


Chemical  Examination  of  Water  from  Assawompsett  Pond^  Lakeville. 

[Parts  per  100,000.] 


• 

1 

Appbasasos. 

Rbsidck  om 
Eyapoba- 

TIOV. 

Ajocohia. 

6 

e 

o 
.62 

NiTBOOKir 
▲8 

• 

9 
« 

1 

1 

o 

• 

t 

1 

Ignition. 

1 

Albuminoid. 

• 

1 

i 

1 

• 

1 
1 

Sus- 
pended. 

t 

a 

1 

81878 

IMS. 

Jmn.  17 

Slight. 

SUght. 

.40 

8.70 

1.00 

.0006 

.0186 

.0176 

.0010 

.0010 

.0000 

.62 

0.8 

2220B  1  Feb.  14 

V.  alight. 

V.  alight. 

.00 

8.80 

1.00 

.0004 

.0106 

.0186 

.0010 

.61 

.0020 

.0000 

.66 

1.8 

22546 

iyUr.l4 

V.  alight. 

SUght. 

.66 

8.40 

1.66 

.0006 

.0210 

.0162 

.0048 

.61 

.0000 

.0000 

.62 

0.6 

22900 

Apr.  18 

V.  alight. 

Blight. 

.60 

8.40 

1.60 

.0002 

.0180 

.0164 

.0026 

.62 

.0080 

.0000 

.60 

0.6 

28174    ICay  16 

V.iUght. 

Slight. 

.60 

8.80 

1.46 

.0006 

.0188 

.0164 

.0024 

.64 

.0080 

.0000 

.69 

0.5 

23685    JniM21 

Slight. 

SUght. 

.47 

8.26 

1.66 

.0006 

.0170 

.0162 

.0018 

.51 

.0010 

.0000 

.62 

0.6 

28921 

July  18 

V.aHgbt. 

V.aUght. 

.41 

8.40 

1.46 

.0002 

.0200 

.0176 

.0024 

.60 

.0010 

.0000 

.66 

1.0 

24382 

Aitff.l6 

Slight. 

V.  alight. 

.87 

8.00 

1.46 

.0018 

.0104 

.0170 

.0024 

.48 

.0010 

.0000 

.61 

0.6 

246M 

Bcpi.l9 

SUffbt. 

SUght. 

.80 

8.20 

1.65 

1.0000 

1 

.0214 

.0172 

.0042 

.68 

.0000 

.0001 

.66 

0.6 

2fi0»2 

Oet.  17 

Kooe. 

V.aHght. 

.80 

8.05 

1.66 

.0004 

.0202 

.0178 

.0024 

.68 

.0020 

.0000 

.66 

0.6 

28872 

Not.  14 

V.  slight. 

V.sUght. 

.41 

8.66 

1.76 

.0014 

.0222 

.0184 

.0038 

.46 

.0010 

.0000 

.65 

0.5 

26600 

D«c.  13 

Deddad. 

Blight. 

.61 
.47 

8.46 

1.06 

.0010 
.0007 

.0216 
.0198 

.0184 
.0171 

.0082 
.0027 

.60 
.68 

.0000 
.0012 

.0000 
.0000 

.70 

0.5 

At... 

1 

8.88 

1.68 

.60 

0.7 

t 

Odor,  lUntly  ▼cgetAblo  or  none.   Co  heating*  the  odor  beeame  vegetable  and  aometlmea  earthy  or 
musty. 
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TAUNTON. 

C^iemical  Examination  of  Water  fnym  Elder'^s  Pond^  LakeviUe, 

[Parts  per  100,000.] 


I 


21870 
22208 
22545 
22S99 
23175 
23634 
23922 
24331 
24080 
25051 
25371 
25001 

Av...! 


IMS. 

Jan.  17 

Fab.  14 
Mar.  14 
Apr.  18 
May  16 
June  20 
Jnly  18 
Ang .  16 
Bapt.lO 
Get.  17 
Nov.  14 
Dec.  12 


ATFIUlMAMCE. 


V.allght. 

None. 

V.allght. 

V.allght. 

V.all^t. 

BUght. 

V.aUght. 

V.aUght. 

V.aUght. 

None. 

V.aUght. 

V.allght. 


i 


BUght. 

V.aUght. 

V.allght. 

BUght. 

V.aUght. 

V.aUght. 

V.aUght. 

V.aUght. 

BUght. 

V.aUght. 

V.aUght. 

BUght. 


I 


.06 
.06 
.00 
.06 
.08 
.10 
.06 
.05 
.10 
.11 
.10 
.11 


.08 


RaaincB  oh 

EVAPOSA- 

nov. 


I 


8.00 
8.00 
2.65 
2.65 
2.60 
2.05 
2.65 
2.60 
2.65 
2.65 
2.60 
2.60 


2.n 


a 
S 

n 


I" 


1.05 
1.25 
1.15 
0.90 
1.00 
1.20 
0.85 
1.05 
1.10 
1.06 
0.05 
1.05 


1.07 


Amxohxa. 


Albamtnold. 


.0012 
.0004 
.0002 

.0000 
.0014 
.0012 
.0002 

.0004 
.0002 
.0014 
.0010 
.0006 


.0007 


.0158 
.0162 
.0150 
.0160 
.0166 
.0174 
.0178 
.0180 
.0184 
.0184 
.0172 
.0144 


.0168 


► 

1 


.1 


.0150 
.0156 
.0134 
.0140 
.0158 
.0140 
.0168 
.0154 
.0154 
.0166 
.0146 
.0142 


.0151 


,0006 
0006 

,0016 
.0020 
,0006 
.0084 
,0010 
.0026 
.0080 
.0018 
.0086 
.0002 


.0017 


6 


.64 
.65 
.54 
.54 

.56 
.54 
.50 
.52 
.54 
.55 
.58 
.53 


,55 


Krboobv 


I 


I 


.0010 
.0020 


>Q060 
.0000 


.0010 
.0010 
.0000 
.0010 
.0010 
.0010 


.0000 

.OOOOj 
.0000 

I 

.oooo! 

.OOOOi 

.ooooj 

.0000 
.0000 
.0000 

.0000 
.0000 
.0000 


1 

a 

I 

a 

& 

s 


.0012  .0000 


.23 


.24 


.27 


.25 


a 

e 


0.8 
0.8 
6.5 
0.5 
0.5 
0.5 
0.3 
6.4 
0.5 
1.0 
0.5 
0.5 

0.6 


Odor,  generaUy  telntly  T«getable  or  ntuty,  sometlmea  none.   On  hcntlng,  the  odor 
and  In  Joly  and  September  alao  fiahy. 


atroogtr, 


Water  Supply  of  Tisbury. — Vineyard  Haven  Water  Company. 

Chemical  ExaminaUon  of  Water  from  the  Filter-gallery  at  Tashmoo  Spring. 

[Parte  per  100.000.] 


• 

1 

• 

s: 

1 

AmcoviA. 

e 

1 
UOl 

Ninooav 
Aa 

1 

• 

• 

i 

Albu- 
minoid. 

K 

1 

« 

1 

ary,  April,  Jnne,  Angnat,  Oetober  and 
Deoember,  1808. 

.02 

4.42 

.0000 

.0010 

.0068 

•0000 

.02 

0.5 

•0665 

Odor,  none. The  aampka  were  eoUeeted  from  a  f aneet  at  the  pumping  elation,  while  puapiag. 
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Water  Supply  of  Uxbbidge. 

Chemical  Examination  of  Waterfront  the  Beservoir  of  the  Uxbridge  Water  Works. 

[ParU  per  100,000.] 


I 

9i 


O 

2 


Aag .  82 


€ 
e 


NOIM. 


None. 


.00 


Rkmdus  ov 

EVAPOBA* 

noir. 


2.66 


s 

s 


I 


0.05 


AXMONIA. 


I 


Albomlnold. 


•i 

I 
s 


00 


.00001.0010  .OOIS 

I 


.0004 


e 


.10 


NiTBOOEV 


• 

I 


i 

s 


.0040.0000 


s 

a 

I 

o 


.OS 


i 


0.6 


Odor,  none. 


Water  Supply  of  Wakefield  and  Stoneham.  —  Wakefield 

Water  Company. 

The  source  of  supply  is  Crystal  Lake  in  Wakefield.  The  lake 
has  an  area  of  85  acres,  a  maximum  depth  of  26  feet  and  a  general 
depth  of  13  feet.  Its  bottom  is  said  to  be  gravelly  except  at  one 
end,  where  there  is  considerable  mud.  The  water-shed  of  the  pond 
has  an  area  of  0.94  of  a  square  mile,  and  contains  a  population  of 
356  per  square  mile. 

Chemical  ExaminaHan  of  Walerfrovn  Crystal  Lake^  Wakefield. 

[ParU  per  100,000.] 


• 

1 

Kkbidub  om 

EVAPOIU- 
TIOK. 

AXXOHIA. 

.08 

NiTBOOBir 

1 

• 

o 

1 

9 

H 

1 

1 

1 

Ignition. 

• 

i 

AlbaminofcL 

i 

1 

i 

& 

• 

t 
1 

'2 

00 

i 

SMOO 

IMS. 

Mar.  S8 

V.ellflit. 

y.iHght. 

.18 

4.30 

1.60 

.0016 

.0140 

.0116 

.0024 

.0880 

.0001 

.21 

1.6 

»785 

June  SO 

V.elight. 

V.  ■light. 

.30 

4.00 

1.86 

.0024 

.0180 

.0164 

.0016 

.72 

.0060 

.0008 

.87 

1.7 

Sept.  18 

BUfht. 

Blight. 

.26 

4.00 

1.70 

.0088 

.0214 

.0176 

.0088 

.68 

.0020 

.0001 

.81 

l.T 

smo 

Dee.  SI 

SHgtat. 

Slight. 

.IT 

4.66 

1.66 

.0000 

.0017 

.0172 
.0176 

.0188 
.0148 

.0084 
.0028 

.64 
.64 

.0180 

1 

•  .0188 

i 

.0002 
.0008 

.27 

1.8 

Av... 

.18 

4.60 

1.68 

.20 

l.T 

Odor  of  the  Meoitd  Bemple,  faintly  mnaiy ;  of  the  others,  Tegetable.    A  dleagreeable  odor  wae  de- 
veloped in  the  laet  sample  on  heating.— —  The  aamplee  were  collected  from  a  fancet  in  the  pomping 
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Water  Supply  of  Walpole. 


The  source  of  supply  is  a  system  of  40  tubular  wells  in  the  valley 
of  Low  Brook  in  Walpole.     The  wells  are  from  35  to  60  feet  deep. 

Chemical  Examination  of  Waier  from  the  Wells  of  the  Walpole  Water  Works. 

[ParU  per  100,000.] 


Date  of 

Collection. 

Afpbasakcjc. 

Residue  on 

Evaporation. 

AHMOMIA. 

1 

6 

MiTIOOM 

▲a 

1 

si 

5*-' 

M 

o 

1 

1 

1 

a 

• 

a 

1 

1 

1 

• 

1 

g 

• 

S 

s 

• 

22838 

1S9S. 

Fab.  24 

None. 

None. 

.02 

4.20 

.0000 

.0016 

.85 

.0120 

.0000 

.02 

1.8 

.0040 

SS988 

Apr.  27 

None. 

None. 

.08 

4.50 

.0000 

.0004 

.84 

.0040 

.0000 

.01 

1.3 

.0090 

28780 

JoneSO 

None. 

None. 

.01 

8.00 

.0000 

.0006 

.80 

.0020 

.0000 

.02 

0.6 

.0000 

24472 

Ang.  20 

None. 

None. 

.04 

8.50 

.0002 

.0010 

.28 

.0060 

.0000 

.08 

0.8 

.oiao 

SftlOO 

Oct.   26 

None. 

None. 

.01 

8.80 

.0000 

.0010 

.81 

.0120 

.0000 

.02 

0.8 

.0010 

25787 

Deo.  28 

None. 

None. 

.00 
.02 

8.80 

.0000 

.0000 

.80 

.0060 

.0000 

.02 

1.0 

.0010 

Av... 

8.00 

.0000 

.0008 

.81 

.0068 

.0000 

.02 

0.0 

.0087 

Odor,  none. The  flrat  sample  was  collected  from  a  fkaeet  at  the  pumping  etaUon,  and  the  ra. 

maining  samples  from  the  wella. 


Water  Supply  op  Waltham. 

The  source  of  supply  is  a  well  and  filter-gallery  situated  on  the 
left  bank  of  the  Charles  River,  above  the  city.  The  filter-gallery 
is  irregular  in  shape,  covering  an  area  of  about  a  quarter  of  an 
acre,  and  in  the  deepest  place  is  about  8.4  feet  below  the  average 
level  of  the  river  opposite  the  gallery.  The  well  is  40  feet  in 
diameter  and  is  sunk  in  the  centre  of  the  filter-gallery  to  a  depth 
of  18  feet  below  the  bottom  of  the  gallery.  Water  is  pumped  from 
the  well  and  gallery  to  an  open  distributing  reservoir,  and,  being 
exposed  to  light,  large  numbers  of  organisms  are  developed  which 
cause  disagreeable  tastes  and  odors.  The  results  of  examinations 
of  the  water  of  Charles  River  in  the  vicinity  of  the  well  and  filter- 
gallery  of  the  Waltham  Water  Works  are  given  in  a  subsequent 
chapter,  entitled  *<  Examination  of  Rivers.'' 
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WAX.THAM. 

Chemical  Examination  of  Water  from  the  Well  and  FUter-gallery  of  the  Waltham 

Water  Works. 

[P«rU  per  100,000.] 


& 

Appbakavos. 

1 

Amxomia. 

• 

g 

NITBOOKV 
AS 

Oxygen 

Coninmed. 

• 

1 

a 

as 

• 

1 

1 

1 

1 

Albu- 
minoid. 

• 

1 

1 

• 

i 

21904 

1S98. 

Jan.  19 

None. 

V.  alight. 

.07 

7.90 

.0048 

.0084 

.62 

.0150 

.0000 

.05 

8.6 

.0220 

S2242 

Feb.  18 

V.  alight. 

None. 

.07 

7.00 

.0040 

.0088 

.60 

.0180 

.0000 

.07 

8.6 

.0090 

22574 

lyUr.  16 

V.sUght. 

None. 

.10 

7.40 

.0040 

.0022 

.56 

.0280 

.0000 

.05 

8.5 

.0150 

82920 

Apr.  21 

V.sHgbt. 

V.aUght. 

.07 

6.70 

.0084 

.0014 

.60 

.0270 

.0000 

.06 

8.4 

.0180 

28202 

Kay  18 

V.  alight. 

V.  alight. 

.05 

7.80 

.0046 

.0024 

.60 

.0270 

.0000 

.06 

8.5 

.0660 

23581 

Jnoa  16    None. 

None. 

.00 

7.80 

.0088 

.0022 

.56 

.0200 

.0000 

.06 

8.4 

.0180 

23060 

Joly  20 

None. 

None. 

.10 

7.50 

.0046 

.0020 

.55 

.0200 

.0000 

.08 

8.5 

.0150 

243M 

Ang.  17  , 

None. 

None. 

.08 

7.80 

.0088 

.0080 

.58 

.0270 

.0000 

.09 

8.6 

.0180 

24724 

Sept.  21 

None. 

None. 

.02 

7.20 

.0004 

.0086 

.62 

.0560 

.0000 

.07 

2.9 

.0040 

26094 

Oct.  10 

None. 

V.alight. 

.10 

7.10 

.0048 

.0054 

.50 

.0280 

.0000 

.08 

8.5 

.0150 

25407 

Not.  10 

V.  alight. 

None. 

.12 

7.70 

.0082 

.0080 

.56 

.0210 

.0000 

.08 

8.5 

.0820 

257S7 

Dee.  21 

None. 

None. 

.01 

6.90 

.0000 

.0016 

.50 

.0580 

.0000 

.0^ 

8.8 

.0040 

Averages  by  Tears, 


• 

1888 

- 

- 

.00 

6.70 

.0000 

.0054 

.46 

.0278 

.0006 

- 

- 

- 

- 

1802 

- 

- 

.00 

6.81 

.0083 

.0027 

.45 

.oiea 

.0000 

- 

8.4 

.0084 

- 

18B3 

- 

- 

.01 

6.86 

.0086 

.0022 

.47 

.0179 

.0000 

.06 

8.4 

.0020 

- 

1804 

- 

- 

.02 

6.75 

.0088 

.0019 

.61 

.0192 

.0000 

.06 

8.1 

.0044 

« 

1805 

- 

« 

.00 

7.16 

.0086 

.0024 

.58 

.0198 

.0000 

.05 

8.4 

.0082 

> 

1806 

- 

- 

.08 

7.86 

.0084 

.0018 

.65 

.0194 

.0000 

.06 

8.6 

.0167 

- 

1807 

- 

- 

.04 

7.16 

.0081 

.0085 

.67 

.0222 

.0001 

.06 

8.6 

.0108 

- 

1808 

- 

- 

.07 

7.81 

.0084 

.0028 

.59 

.0280 

.0000 

.07 

8.4 

.0162 

Non  10  analyaee  of  1808 :  Odor,  none. Noa.  22242,  22574,  22929  and  28202  were  collected  from 

the  well ;  the  othara,  from  a  faaeet  at  the  pampf ng  station* 


346 


STATE  BOARD  OF  HEAI.TH.         [Pub.  Doc. 


ChemiccU  Examination  of  Water  /ram  the  DistribuliTig  Reservoir  of  the  Waltham 

Water  Works, 

[Parte  per  100»000.] 


Date  of 

Golleotlon. 

Appbasahob. 

« 

U 
1 

Amkoira. 

1 

MiTBOOur 

At 

■ 

1 

p 

1 

• 

i 

a 

1 

1 

1 

1 

1 

|l 

8 
1 

i 

1 

1 

210(» 

ISM. 

Jan.  19 

V.Bligfat. 

V.tUght. 

.05 

7.50 

.0018 

.0090 

.68 

.0180 

.0000 

.06 

8.6 

.0010 

22241 

Feb.  16 

Slight. 

Oona. 

.09 

6.80 

.0008 

.0004 

.61 

i.0180 

.0000 

.07 

8.4 

.0080 

2257S 

Mar.  16 

V.allght. 

Slight. 

.09 

8.00 

.0008 

.0076 

.59 

.0190 

.0000 

.07 

8.6 

.0060 

22928 

April  21 

Slight. 

Slight. 

.07 

7.00 

.0018 

.0112 

.62 

.0180 

.0000 

.00 

8.4 

.0090 

28201 

Hay  18 

Slight. 

Slight. 

.07 

8.00 

.0008 

.0184 

.65 

.0280 

.0001 

.18 

8.4 

.0050 

23682 

Jane  15 

None. 

Slight. 

.06 

8.20 

.0014 

.0098 

.59 

.0160 

.0002 

.10 

8.4 

.0049 

23970 
24885 

Jaly  20 
▲ng.  17 

Decided, 
milky. 
SUgbu 

Slight. 
Slight. 

.08 

.06 

7.00 
6.00 

.0064 
.0010 

.0120 
.0162 

.56 
.56 

.0150 
.0070 

.0002 
.0001 

.12 
.18 

8.8 
8.1 

.0040 
.0800 

24725 

Sept.  21 

V.  flight. 

V.  alight. 

.05 

7.10 

.0014 

.0124 

.56 

.0010 

.0000 

.00 

8.0 

.0040 

25095 

Oet.  19 

V.aHght. 

v.  alight. 

.10 

7.80 

.0006 

.0092 

.61 

.0120 

.0000 

.14 

8.4 

.0600 

25408 

Nov.  16 

Slight. 

V.ali^t. 

.14 

7.80 

.0010 

.0162 

.57 

.0180 

.0001 

.10 

8.8 

.Q2M 

25786 

Deo.  21 

Slight. 

OODB., 

floe. 

.15 

7.40 

.0006 

.0100 

.67 
.59 

.0110 

.0000 

.09 

8.8 

.0100 

Av«.> 

.08 

7.85 

.0018 

.0114 

.0140 

.0001 

.10 

8.8 

.0071 

Odor,  generally  none,  aometimee  faintly  vegetable.    On  heating,  the  odor  of  aome  of  the 
became  vegetable  or  earthy,  and  In  May  faintly  oUy. 


plea 


Microscopical  Examination  of  Water  Jrom  the  Distributing  Reservoir  of  (Ae  TFU- 

iham  Water  Works. 


[Knmber  of  organlama  per  enble  oentimeter.] 

, 

ISM. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jalj. 

Ang 

SepL 

Oct. 

1 

Kov.|  Dee. 

Bay  of  examination,               • 
Nnmber  of  aample 

20 
21908 

17 
22241 

17 
28578 

22 
22928 

19 
28201 

16 
28582 

21 
28970 

18 
24886 

22 
24725 

SO 
25096 

17 
25406 

22 
25786 

PLANTS. 
Dlatomaoeed 

Aaterionella,      .... 
Synedra 

AI98B 

Selenaetnim,      •       •       •       . 

a 

0 

6 

0 
0 

118 

2 
114 

0 
0 

8,276 

80 
8,248 

0 
0 

887 

9 
886 

4 
0 

146 

2 
181 

1 
0 

8 

0 

4 

8 
0 

8 

0 
0 

29 

0 

1 

0 
0 

255 

220 

6 

0 

2 

0 
0 

12 

0 
8 

0 
0 

278 

58 
2U 

12 
12 

11,206 

11,000 
0 

8 

0 
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^         WALTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Wdl- 

tham  Water  Works — Concluded. 

[Namb«r  of  organlMDs  per  eablc  oentlmeter.] 


IMS. 

J«n. 

Feb. 

M«r. 

Apr. 

May. 

June.  July. 

Aag. 

Sept 

Oct 

Not. 

Dec 

ANIMALS. 

BUsopoda 

InAisorla, 

IMnobryoiit         •       •       •       . 

Vermes, 

0 

7 
7 

0 

1 

26 

26 

0 

0 

set 

602 

1 

6 

1 
0 

0 

6 

0 
0 

• 

0 

JlUceUaH40U9,  ZoUglasft, . 

0 

1 

0 

0 

6 

• 
TOf IL, 

126 

8,286 

406 

176 

898 

88 

261 

7 

22 

286 

11,000 

Water  Supply  of  Ware. 

The  sources  of  supply  are  a  large  well  and  tubular  wells  in  the 
valley  of  Muddy  Brook  in  Ware.  The  large  well  is  26  feet  in 
diameter  and  23  feet  deep.  About  500  feet  north  of  this  well  the 
water  of  a  spring  is  collected  in  a  small  well,  and  about  it  12  tubular 
wells  have  been  sunk.  Water  from  the  spring  and  tubular  wells 
flows  by  gravity  to  the  large  well,  from  which  it  is  pumped  to  an 
open  distributing  reservoir. 

Chemical  Examination  of  Water  from  the  Large  Well  of  the  Ware  Water  Works. 

[ParU  per  100,000.] 


• 

Appsaxaxob. 

4 

1^ 

AmioaiA. 

1 

NiTBOOXH 

Ae 

ll 

1 

1 

§ 

as 

• 

c 

1 

1 

1 

Alba- 
mtnold. 

1 

1 

J 

22288 

1S9S. 

Peb.  16 

V.  slight 

None. 

.01 

6.20 

.0000 

.0084 

0.48 

.2100 

.0000 

.02 

2.8 

.0080 

2297S 

Apr.  26 

None. 

None. 

.00 

11.80 

.0000 

.0010 

1.10 

.6700 

.0000 

.01 

8.6 

.0020 

2S601 

Juw  16 

None. 

None. 

.00 

8.60 

.0002 

.0010 

0.71 

.8160 

.0000 

.01 

2.7 

.0000 

26228 

ISfvf,    1 

None. 

None. 

.00 

8.20 

.0002 

.0006 

0.60 

.8100   .0000 

1 

.02 

1.7 

.0010 

26740 

Dee.  21 

None. 

None. 

.00 
.00 

8.00 

.0000 

.0000 

0.68 

.2820    .0000 

1 

.01 

8.0 

.0010 

^V.  «• 

8.46 

.0001 

.0010 

0.76 

.8276   -flOOO 

.01 

2.0 

.0014 

1 

Odor,  none.— ^  The  lemplee  were  eolleeted  from  n  fenoet  at  the  pomplng  etatlon,  while  pumping 
from  the  terge  well  and  toboler  welli,  and  repreeent  a  mixture  of  water  from  the  large  well  with  a  vary- 
ing amount  of  water  from  the  tnbalar  welle. 
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WABE.  ^ 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Ware  Water 

Works. 

[Parte  per  100,000.] 


Date  of 

OoUectlon. 

Appkabahcb, 

Bestdoeon 
Evaporation. 

Amjcosia. 

4 
1 

S 

NITBOOBV 
AS 

1 

8 

o 

i 

^ 

^ 

§ 

1 

• 

1 

» 

1 
i 

S 

J 

222S6 

ISM. 

Feb.  16 

Slight. 

Cons. 

.06 

6.40 

.0008 

.0030 

0.18 

.0140 

.0000 

.08 

1.6 

.ouo 

88974 

Apr.  30 

V.ilfght. 

Blight. 

.08 

4.30 

.0000 

.0006 

0.16 

.0170 

.0000 

.08 

1.4 

.0000 

88603 

June  16 

None. 

Oona. 

.00 

6.00 

.0003 

.0006 

0.16 

.0160 

.0000 

.01 

l.T 

.0020 

35280 

Nov.   1 

None. 

Blight. 

.00 
.08 

6.70 

.0003 

.0006 

0.16 

.0100 

.0000 

.08 

1.8 

.0070 

Av>.. 

6.36 

.0001 

.0000 

0.16 

.0143 

.0000  1 

1 

.03 

1.6 

•OOTS 

Odor,  none. 

Wateb  Supply  of  Onset  Bay  Fire  District,  Wareham. — 

Onset  Water  Company. 

The  source  of  supply  is  Jonathan's  Pond  in  Wareham.  This 
pond  has  an  area  of  16  acres  and  a  maximum  depth  of  25  feet.  It 
is  located  in  a  sandy  territory,  and  its  water-shed  is  indeterminate. 

The  advice  of  the  State  Board  of  Health  to  Joseph  K.  Nye,  rela- 
tive to  a  proposed  extension  of  the  water  supply  of  Onset  to  that 
part  of  the  town  of  Wareham  known  as  the  Narrows,  may  be  found 
on  pages  53  and  54  of  this  volume. 


ChemiccU  Examination  of  Water  from  Jonathan's  Pond^  Wareham. 

[Parte  per  lioO,000.] 


84418 


15 


IMS. 

Ang.8S 


Appbabakcb. 


Sttght. 


None. 


06 


HB8IDUB  OH 

£VAPQBA- 

TIOV. 


IS 

5 


3.06 


0.70 


Ammokll. 


i 


.0008 


Albuminoid. 


.0000 


.0076 


i 


in. 

00 


.0014 


i 
6 


.64 


Nmooui 


I 
s 


i 


.0030 


.0000 


a 


a 


.U 


0.0 


Odor,  none. 
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watertown  and  belmont. 
Water  Supply  op  Watertown  and  Belmont. 

During  the  greater  part  of  the  year  1898  the  toiVns  of  Watertown 
and  Belmont  were  supplied  with  water  from  a  filter-gallery  and  wells 
located  on  the  left  bank  of  the  Charles  River  above  Watertown. 
Since  Nov.  30, 1898,  water  for  the  supply  of  these  towns  has  been  ob- 
tained from  the  Metropolitan  Water  Works.  The  following  table 
gives  the  results  of  analyses  of  samples  of  water  from  the  filter-gallery. 
For  a  description  of  the  sources  of  supply  of  the  Metropolitan  Water 
District  and  analyses  of  the  water,  see  pages  133  to  160. 

Chemical  Examinaiion  of  Water  from  a  Faucet  in  the  Pumping  Station  of  the 

Watertown  Water  Works. 

[ParU  per  100,000.] 


• 

I 


m 


§ 

o 


I 


noos 


Jan.  10 
Peb.  16 
'.  16 


SS576 

S2008  I  Apr.  20 
lUy  18 
June  16 
July  22 
Aug.  17 
B«pt.28 
Oet.  10 
Not.  16 


S48» 

SS006 


Appkasascb. 


BUght. 

V.tUght. 

None. 

None. 

None. 

V.eUght. 

Decided, 

mUky. 
Decided, 

mflky. 
Decided, 

milky. 
Decided, 

milky. 
Decided, 

milky. 


Slight. 

Slight. 

None. 

None. 

None. 

V.tlight 

V.  alight. 

V.  slight. 

Slight. 

Slight. 

None. 


.06 
.07 
.10 
.08 
.06 
.10 
.21 
.28 
.80 
.48 


• 

A 

it 

1" 

AXKOXXA. 

1 

NiTKOGBH 
AS 

1 

i 

■ 

1 

9.40 

.0084 

.0004 

.08 

.2560 

.0000 

7.00 

.0008 

.0086 

.88 

.1000 

.0000 

6.00 

.0006 

.0076 

.74 

.0880 

.0000 

8.60 

.0006 

.0116 

.80 

.1840 

.0000 

7.70 

.0010 

.0002 

.72 

.0880 

.0000 

7.80 

.0058 

.0068 

.66 

.0290 

.0000 

8.80 

.0074 

.0064 

.58 

.0870 

.0000 

7.80 

.0078 

.0082 

.64 

.0490, 

.0008 

8.00 

.0060 

.0064 

.68 

.0250 

.0001 

8.40 

.0174 

.0104 

.72 

.0660 

.0000 

8.60 

.0102 

.0082 

.74 

.0700 

.0001 

§ 

-I 

M 

o 


.06 
.12 
.02 
.09 
.16 
.18 
.22 
•18 
.22 
.88 
.24 


I 

e 

I 


4.8 
8.5 
2.9 
8.8 
8.1 
8.1 
8.0 
8.5 
8.8 
8.0 
8.8 


i 


.0180 
.0060 
.0050 
.0080 
.0110 
.0250 
.0650 
.0650 
.1050 
.1880 
.0900 


Averages  by  Years, 


• 

1888 

• 

-. 

.00 

7.22 

.0000 

.0040 

.68 

.0647 

.0000 

- 

• 

- 

- 

1808 

« 

- 

.10 

7.95 

.0068 

.0061 

.66 

.0489 

.0001 

.18 

8.5 

.0815 

- 

UM 

« 

- 

.11 

8.82 

.0048 

.0054 

.70 

.0542 

.0001 

.12 

8.8 

.0516 

• 

1806 

- 

- 

.20 

8.75 

.0061 

.oon 

.69 

.0669 

.0008 

.16 

8.7 

.0527 

- 

1B96 

- 

- 

.40 

8.61 

.0147 

.0070 

.n 

.0492 

.0001 

.17 

8.8 

.1878 

• 

1897 

Mi« 

- 

.18 

8.74 

.0000 

.0122 

.80 

.1248 

.0000 

.16 

8.7 

.0876 

- 

1808 

- 

- 

.19 

8.04 

.0066 

.0065 

.78 

.0815 

.0000 

.17 

8.4 

.0460 

NoTB  to  aanlyeee  of  1898:  Odor  in  September,  faintly  mnsty ;  at  other  times,  none. 
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Water  Supply  of  Watland. 


The  source  of  supply  is  a  filter-gallery  located  close  to  a  small 
storage  reservoir  on  Snake  Brook  in  Wayland.  The  storage  reser- 
voir has  an  area  of  13  acres,  and  a  storage  capacity  of  16,000,000 
gallons.  The  filter-gallery  is  400  feet  long,  12  inches  wide  and  18 
inches  high,  with  two  branches  each  80  feet  long  extending  under 
the  reservoir.  The  gallery  is  covered  with  from  4  to  10  feet  of 
gravel.  The  water  obtained  from  the  filter-gallery  contains  an  ex- 
cessive amount  of  iron  and  enormous  numbers  of  the  organism 
Crenothrix. 


Chemical  Examination  of  Water  from  the  FiUet^gaXUry  of  the  Wayland  Water 

Works. 

[FUt  per  100,000.] 


i 


317fif 
3S400 
28070 
2S825 
84M8 
tf2U 


Av. 


I 

I 


1S98. 

Jan.    4 

ICiff.  8 
Hay    4 

Jnly  8 
Bepi.  7 
Not.   8 


« 
« 


SUght. 

V.slSght. 

V.sUgfat. 

Slight. 

BUght. 

SUght. 


Blight. 

V.sUght. 

Blight. 

V.tUght. 

SU^t. 

BUght. 


1.16 
0.66 
0.70 
0.80 
0.80 
1.00 


0.1 


I 

u 


6.76 
4.00 
8.00 
4.90 
6.06 
6.86 


4.01 


AMMOnA. 


I 

hi 


.0064 

.0046 
.0012 
.0072 
.0124 
.0048 


.0060 


si 


.0102 
.0106 
.0166 
.0802 


.0810 


I 

.40 
.22 
.84 
.82 
.81 
.81 


.82 


NlTBOOn 


i 


,0280 


.0820 
.0080 
.0120 
.0170 


.0227 


.0001 
.0000 
.0001 
.0000 
.0000 
.0000 


.0000 


a 


I 


i 


0.87 

0.40 

O.M 

0.67 

0.80 

1.21 

0.78 

1.6 

.0S7O 


Odor  of  the  flnt  three  eemplee,  Tegeteble,  beeomtng  alio  fishy  In  the  flnt  Mmple  on  heettng;  of 
the  iMt  three,  none.  ^—>  The  Mmplee  were  eoUeeted  from  a  fauoet  tn  the  gate-honee. 
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WATLAND. 

Chemtcal  Examination  of  Water  flym  the  Storage  Seservoir  of  the  Wayland  Water 

Works, 

[Pnrtt  per  100,000.] 


i 

0 

ft; 


6 


S1T68 
SS496 
28069 
2S824 
34fi«7 
SU68 


At. 


Jan.  4 
Hat.  8 
Va7     4 

jQly  8 
Sept.  7 
Not.   2 


APPBAnAVCB. 


I 


0 


Slight. 
V.tUght. 
V.  alight, 
v.  slight 
BHght. 
SUght. 


Blight. 

v.  slight. 

V.tUght. 

Blight. 

BUght. 

BUght. 


1.16 
0.00 
0.08 
0.85 
0.98 
1.08 


0.96 


RB0IOUB  oa 
Evapora- 
tion. 


6.70 
8.S0 
3.60 
4.66 
6.10 
6.26 


4.66 


0 

i 

SI 


I 


2.40 
1.20 
1.06 
1.60 
2.00 
2.80 


2.12 


AmiOHlA. 


I 


.0040 
.0010 
.0004 
.0022 
.0068 
.0026 


.0028 


Aibamlnold. 


.0826 
.0140 
.0194 
.0866 
.0848 
.0886 


.0292 


I 


•0 
if 

00 


.0292 
.0186 
.0174 
.0802 
.0800 
.0296 


.0260 


.0084 
.0004 
.0020 
.0064 
.0048 
.0090 

.0042 


e 
Si 


.46 
.20 
.26 
.28 
.24 
.29 


.28 


NlTBOOBH 
AB 


.0160 
.0060 
.0060 
.0010 
.0000 
.0060 


.0047 


•c 


.0000 
.0000 

.0001 
.0000 
.0000 

.0000 


.0000 


I 


a 

B 
m 
s 

5 

0 

I 

M 

o 


I 

I 

3 


0.61 
0.62 
0.72 
0.78 
1.04 
1.48 


0.82 


2.1 
0.8 
1.0 
1.6 
1.7 
1.7 

1.6 


Odor,  vegetable  or  Dooe.   On  heating,  the  odor  of  aU  of  the  Bamplei  beeame  vegeUble.  and  of  the 
flret  aample  alao  flahy. 


Wateb  Supply  of  Webster. 
The  source  of  supply  is  a  well  25  feet  in  diameter,  30  feet  deep, 
located  300  feet  from  the  north-westerly  shore  of  Lake  Chaubuna- 
gungamaug. 

Chemical  Examination  of  Water  from  the  WeU  of  the  Webster  Water  Works. 

[Parttf  per  100,000.] 


« 

1 

Appbabavob. 

1 

Ammovxa. 

• 

NiTBOOBir 

as 

f 

1 

^"^ 

^e 

s 

3 

• 

1 

1 

i 

Albu- 
minoid. 

• 

2 

1 

1 

m. 

isin 

Feb.  11 

V.  alight. 

v.  alight. 

.02 

4.00 

.0002 

.0028 

.27 

.0180 

.0001 

.02 

1.8 

.0020 

28801 

Apr.  11 

None. 

V.  slight. 

.00 

8.40 

.0000 

.0006 

.26 

.0270 

.0000 

.02 

1.1 

.0060 

28S86 

June   8 

None. 

None. 

.02 

4.80 

.0006 

.0012 

.27 

.0160 

.0000 

.04 

1.7 

.0020 

28912 

July  18 

None. 

None. 

.01 

4.20 

.0000 

.0008 

.24 

.0170 

.0000 

.01 

1.7 

.0000 

94297 

Ang.  16 

None. 

None. 

.02 

6.00 

.0000 

.0010 

.28 

.0260 

.0000 

.02 

2.8 

.0020 

28099 

Oet.   19 

None. 

None. 

.00 

4.60 

.0000 

.0010 

.26 

.0120 

.0000  ; 

.04 

1.4 

.0020 

28686 

Dee.    9 

None. 

None. 

.01 
.01 

4.60 

.0000 
.0001 

.0008 

.26 

.0610 

.0000 

.01 

1.8 

.0010 

At... 

4.27 

.0012 

.26 

.0209 

.0000 

.02 

1.6 

.0021 

Odor,  Dooe. 
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Water  Supply  of  Wellesley. 


The  sources  of  supply  are  a  filter-gallery,  a  well,  known  as  the 
Williams  Spring,  and  a  system  of  33  tubular  wells,  all  located  in 
the  valley  of  Rosemary  Brook. 

The  original  source  of  supply  was  the  filter-gallery,  built  in  1884, 
located  33  feet  from  Rosemary  Brook  and  400  feet  from  Charles 
River.  The  gallery  is  63  feet  long  and  16  feet  in  depth  below  the 
level  of  the  water  in  the  river. 

The  well  at  Williams  Spring  was  built  soon  after  the  construc- 
tion of  the  filter-gallery,  and  is  located  close  to  the  brook,  1,000 
feet  up  the  valley  from  the  filter-gallery.  It  is  22  feet  in  diameter 
and  20  feet  in  depth  below  the  level  of  the  brook. 

The  tubular  wells  are  located  in  the  valley  of  the  brook  in  the 
Burnett  Meadow,  so  called.  The  wells  cover  an  area  about  1,500 
feet  long  and  about  500  feet  in  width,  the  nearest  well  to  Williams 
Spring  being  distant  from  it  about  900  feet.  The  wells  are  each 
2^  inches  in  diameter,  and  range  in  depth  from  30  to  60  feet. 
The  system  of  wells  was  completed  in  the  year  1898,  and  at  the 
same  time  a  new  covered  reservoir  was  built  so  as  to  protect  the 
water  from  exposure  to  light.  There  are  no  direct  connections  by 
which  water  may  be  drawn  either  from  Rosemary  Brook  or  Charles 
River. 


Chemical  EzamincUion  of  Water  Jrom  thi  FiUer-gaUery  of  the  WeUesley  WaUr 

Works. 


[PartB  p«r  100,000.] 

1 
1 

Appbarahob. 

as 
ox 

3ZH 
8 

fi4 

AmcoRlA. 

1 

NtTBOOBB 
AS 

• 

i 

• 

o 

^  o 

go 
o 

s 

1 

'A 

• 

1 

«: 

1 

• 

• 

1 

i 

»5 

1 

21740 

1999. 

Jan.    8 

N'one. 

V.  slight. 

.00 

8.20 

.0030 

.0016 

.67 

.0660 

.0000 

.02 

4.S   .0090 

Odor,  none. 
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Chemical  Examination  of  Water  from  the  Well  of  the  WeUesUy  Water  Works 

at  Williams  Spring. 

[Parts  per  100.000.] 


Date  Of 

Oolleetion. 

• 

4 

AmfomA. 

1 

UlTmOQUM 

▲a 

1 

0 

s 

8 

1 
& 

1 

• 

1 

• 

Sediment 

• 

i 

Alba- 
ralnoid. 

1 

1 

• 

1 

S174S 

199S. 

Jan.    8 

V.eliglit. 

BUght. 

.00 

8.00 

.0002 

.0014 

.62 

.2860 

.0000 

.08 

.0020 

238U 

July  18 

Nona. 

None. 

.08 

10.10 

.0002 

.0010 

.70 

.8800 

.0000 

.OS 

.0010 

24478 

Ang.  80 

Nona. 

None. 

.00 

0.70 

.0000 

.0014 

.72 

.8100 

.0000 

.06 

.0100 

24818 

Sept.  28 

None. 

None. 

.00 

10.10 

.0000 

.0006 

.72 

.2660 

.0000 

.08 

.0020 

2ft2I7 

Oet.  81 

None. 

None. 

.00 

8.60 

.0000 

.0006 

.67 

.8700 

.0000 

.04 

.0010 

2M01 

Nov.  29 

None. 

V.ellfht. 

.05 

10.80 

.0000 

.0006 

.84 

.6800 

.0000 

.02 

.0020 

2ft791 

Deo.  28 

None. 

None. 

.00 
.01 

0.70 

.0004 

.0018 

.04 

.6100 

.0000 

.02 

.0000 

Av  . 

0.67 

.0001 

.0011 

.74 

.8686 

.0000 

.08 

8.7 

.0026 

Odor  of  the  Hm  aample,  falntlj  earthy;  of  the  othera,  none. 


Chemical  Examination  of  Water  from  the  Drioen  Wells  of  the  Wellesley  Water 

Works. 

[Parte  per  100,000.] 


» 


s 

«■ 
Q 


24U9 
2481S 
26482 


At. 


Mar.  24 
Hay  28 

Aag.  1 
Sept.  28 
Hot.  28 


ArrmAMAMOU, 


I 
I 


i 


V.alight 

None. 

V.aUght. 

None. 

None. 


Cone.. 

earthy. 
None. 

None. 

None. 

None. 


.1. 


.06 
.02 
.06 
.00 
.06 


.08 


g 


I 


8.80 
6.70 
7.80 
7.80 
7.20 


7.46 


AvitonA. 


i 


.0004 
.0006 

.0118 
.0000 
.0000 


^1 


.0010 
.0008 
.0012 
.0000 
.0002 


.0006 


i 

1 

s 


.60 
.68 

.66 
.64 
.68 


.66 


KiTsoeur 

AB 


I 


.0760 
.0680 
.0600 
.0640 
.0620 


.0606 


I 


.0000 
.0000 
.0068 
.0001 
.0000 


.0014 


i 


.08 
.02 
.08 
.01 
.01 


.02 


Odor,  none. 


The  samplea  were  ooUeoted  from  a  f aueet  at  the  pumping  atation. 


i 


2.7 
2.0 
2.7 
2.7 
8.0 


2.8 


.0180 
.0010 
.0150 
.0040 
.0010 
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ChemiccU  Examination  of  Water  from  the  Covered  Beeervoir  of  the  Wettesley 

Water  Works. 


[Parte  per  100,000.] 

■ 

a 
S 

2 

Appbasavcc. 

• 

t! 

r 

AXUOMA. 

i 

Nmoosjf 

J 

8 

S 

1 

in 

1 

«i 

1 

i 

Albu- 
minoid. 

1 

1 

21741 

Jan.    8 

Blight. 

Blight. 

.08 

10.20 

.0428 

.0180 

.n 

.2650 

.0002 

.12 

.OtOB 

21017 

Jan.  10 

Blight. 

Blight. 

.06 

12.10 

.0762 

.0844 

.78 

.2400 

.0001 

.24 

.6010 

22006 

Feb.    7 

Slight. 

Blight. 

.06 

10.80 

.0040 

.0076 

.70 

.1860 

.0008 

.06 

.0016 

22786 

Apr.  11 

None. 

None. 

.01 

6.00 

.0002 

.0014 

.67 

.0880 

.0000 

.02 

.0060 

23278 

May  28 

Blight. 

Slight. 

.06 

6.70 

.0020 

.0168 

.68 

.0880 

.0000 

.30 

.0860 

24120 

Aug.  1 

None. 

None. 

.00 

7.00 

.0000 

.0012 

.68 

.0740 

.0000 

.01 

.0020 

24817 

sept.  28 

None. 

None. 

.00 

0.00 

.0000 

.0062 

.67 

.0460 

.0000 

.02 

.0060 

26408 

Not.  20 

None. 

None. 

.02 
.02 

6.70 

.0014 

.0066 

.68 

.0640 

.0000 

.04 

.0090 

At.*. 

7.06 

.0000 

.0088 

.02 

.1124 

.0001 

.00 

S.2 

.flBTI 

*  Where  more  than  one  eample  was  eolleeted  in  a  month,  the  mean  analyiie  for  that  month  hae 
need  In  making  Uie  average. 

Odor  of  the  flmt  aample,  faintly  monldy,  beeoming  stronger  on  heating;  of  the  others,  Booe.— » 
The  eamplea  were  ooileoted  from  the  reeerrolr.  The  eanee  of  an  ezeeeeive  amount  of  ammoida  In  the 
■amplea  flret  ooileoted  from  the  reservoir  was  not  diseovered. 


Water  Supply  op  Westborough. 

The  sources  of  supply  are  Upper  and  Lower  Sandra  ponds  in 
Westborough.  The  Upper  Pond  has  an  area  of  49  acres  and  a 
water-shed  of  1.25  square  miles,  which  contains  a  population  of 
45  per  square  mile.  The  Lower  Pond  is  small,  and  is  separated 
from  the  Upper  Pond  by  a  dam,  and  water  is  obtained  principally 
by  filtration  through  the  dam  from  the  Upper  Pond.  All  of  the 
soil  and  organic  matter  has  been  removed  from  the  Lower  Pond, 
but  only  a  portion  of  the  stumps  and  other  vegetation  was  removed 
from  the  bottom  of  the  Upper  Pond. 
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WESTBOROUG  H. 

Chemical  Examination  of  Water  from  a  Faucet  Hipplied  from  the  Westborough 

Water  Works. 

[Parta  per  100,000.] 


Date  Of 

OoUectlon. 

1 

Hcaidoe  on 
Evaporation. 

AmCOBIA. 

MiTKOOBir 
AB 

1^ 

M 

o 

i 

& 

J 

a 
ft 

f 

.J 

1 

• 

1 

• 

1 

e 

i 

■ 

J 

5 

• 

SS802 

IMS. 

F«ib.  21 

V.alight. 

Blight. 

.06 

2.60 

.0002 

.0068 

1 
.20  1 

.0080 

.0000 

.00 

1.0 

.0080 

28272 

ICay  28 

None. 

None. 

.00 

2.80 

.0008 

.0064 

.28 

1 

.0080 

.0000 

.00 

1.1 

.0060 

24410 

Aag.24 

V.aUght. 

None. 

.00 

8.00 

.0000 

.0066 

I 
.10 

.0020 

.0000 

.07 

1.1 

.0110 

26530 

Dee.    6 

V.aUgbt. 

V.alight. 

.09 
.00 

8.00 

.0000 

.0082 

.28 

.0010 

.0000 

.08 

1.8 

.0040 

Av. .. 

2.82 

.0002 

.0047 

.28 

.0022 

.0000 

.08 

1.8 

.0067 

Odor,  none.    ▲  vegetable  odor  waa  developed  in  the  flrat  and  laat  samplec  on  heating. 

Water  Supply  op  Westborough  Insane  Hospital,  West- 
borough. 

Chemical  Examination  of  Water  from  the  Westborough  Insane  Hospital, 

[Parte  per  100,000.] 


• 

1 

Appsabavob. 

a 

AmioaiA. 

ja 

UlTBOGUr 
AB 

J 

1 

Hardnesa. 

1 

^ 

n 

1 

1 

< 

i 
s 

i 

• 

1 

22801 

ISM. 

Feb.  21 

Blight. 

Blight. 

.01 

6.10 

.0204 

.0260 

.48 

.0070 

.0004 

.80 

1.7 

.0070 

22064 

Apr.  28 

Blight. 

Blight. 

.00 

6.00 

.0060 

.0200 

.44 

.0220 

.0006 

.02 

1.0 

.0280 

28068 

Jone  22 

Deelded. 

Blight. 

.46 

7.10 

.0180 

.0270 

.48 

.0080 

.0008 

.67 

2.8 

.0860 

24416 

Aag.24 

Decided. 

Oons. 

.47 

8.00 

.0424 

.0870 

.40 

.0020 

.0000 

.60 

8.0 

.1300 

26684 
26708 

Dee.    8 
Dee.  10 

Deelded, 

milky. 

Decided. 

Slight. 
Cona. 

.88 
.60 

11.40 
12.20 

.1040 
.1044 

.0020 
.0020 

.88 
.88 

.0000 
.0000 

.0000 

.0002 

.10 
.17 

6.7 
6.8 

.0860 
.1460 

At*. 

.61 

7.42 

.0880 

.0288 

.48 

.0008 

.0002 

.66 

2.0 

.0020 

1 

*  Where  more  than  one  lample  waa  eolleoted  In  a  month,  the  mean  analyaia  for  that  month  haa  been 
naed  fai  making  the  average. 

Odor  of  the  llrat  two  aamplea,  vegetable;  of  the  third,  dtatlnetiv  moaty;  of  the  laat  three,  nnpleaaant. 
~—'  The  aamplee  were  collected  from  a  fanoet  at  the  pnmplng  atatlon.  During  a  part  of  the  time  water 
la  dnwa  lh>m  Ohnnncy  Fond ;  at  other  Umea,  from  tobnlar  wella  in  the  vicinity  ox  tlie  pond. 

Water  Supply  or  Westtield. 

The  scarce  of  supply  is  Moose  Meadow  Brook  in  Montgomeryy 
on  which  a  storage  reservoir  and  a  distributing  reservoir  have  been 
constmcted.     The  storage  reservoir  h^  an  area  of  38  acres,  an 
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average  depth  of  15  feet,  a  maximum  depth  of  30  feet,  and  a  ca- 
pacity of  184,000,000  gallons.  The  bottom  of  the  reservoir  was 
originally  meadow  land,  but  considerable  of  the  organic  matter 
was  removed  before  the  area  was  flooded.  The  distributing  reser- 
voir is  situated  on  the  brook,  2.2  miles  below  the  reservoir.  The 
brook  above  the  disti'ibuting  reservoir  has  a  drainage  area  of  4.8 
square  miles,  which  contains  a  population  of  30  per  square  mile. 
Works  are  now  being  constructed  for  taking  an  additional  supply 
of  water  from  Tillottson  Brook  in  Granville. 


Chemical  Examination  of  Waterfront  the  Storage  Beeervoir  of  the  Weatfield  Water 

Works. 

[Paiti  per  100,000.] 


Average  of  tereo  Minplea  eollected  In 
January,  February*  March,  Hay,  July, 
September  and  October,  1808. 


I 


.Al 


BasmirB  ox 

EvAPoia- 

noir. 


8.07 


I 

SI 


i.» 


AXKOIIA. 


I 


Albaminold. 


I 


.0028 


I 


.0187 


i 

00 


.0041 


8 

1 

■a 


.11 


KmoQss 


i 

s 


•0081 


I 


.0000 


1 


e 

a 


V 

3 

a 

I 

a 


.U1».5 


Odor,  generally  vegetable,  oooaaionally  moaty  or  none,  eomeUmee  graeay. 

Chemical  Examination  of  Water  from  Tillottson  Brook,  in  GranviUe, 

[Parte  per  100,000.] 


tf018 
82688 

22908 


88878 
84100 
84444 
84878 
86292 
86604 


▲v. 


ISM. 

Jan.  27 
Mar.  88 

Apr.  27 
May  81 
Jaoe22 
July  28 
Aug.  26 
Sept.  28 
Nov.  7 
Nov.  28 


AmABAVOB. 


i 


V.  alight. 
Sttght. 

V.  flight. 

None. 

None. 

None. 

None. 

V.iUght. 

None. 

V.tlighi. 


Slight. 
Com., 

earthy. 
V.iUght. 
Slight. 
Slight. 
SUght. 
V.  flight. 
V.  flight. 
None. 
V.fUght. 


I 


.10 
.24 

.12 
.10 
.10 
.18 
.86 
.08 
.18 
.17 


.18 


RaainuB  on 

fiVAPOBA- 
TIOM. 


I 


8.00 
2.00 

2.46 
1.76 
8.00 
8.70 
8.80 
8.06 
8.10 
3.80 


8.70 


I 
5 


0.76 
0.86 

0.76 
0.60 
0.80 
1.06 
0.06 
0.86 
1.06 
1.00 


0.86 


Ammovia. 


I 


Albuminoid. 


I 


.0004 
.0004 

.0000 
.0004 
.0004 
.0004 
.0006 
.0002 
.0000 
.0000 


.0008 


.0060 
.0070 

.0088 
.0064 
.0086 
.0062 
.0106 
.0084 
.0040 
.0066 


.0064 


I 


.0088 
.0068 

.0082 
.0044 
.0048 
.0062 
.0076 
.0028 
.0068 
.0082 


.0044 


.0012 
.0018 

.0004 
.0010 
.0080 
.0000 

.0080 
.0008 
.0002 
.0004 


.0010 


4 

6 


.18 
.06 

.18 
.18 
.10 
00 
.10 
.14 
.16 
.14 


.18 


NimooKv 


»Q 


I 


.0080 
.0000 

.0000 
•0060 
.0080 
.0180 
.0080 
.0080 
.0080 
•0080 


.0088 


.0001 
.0000 


.0000 
.0000 
.0001 
.0000 

.0000 
.0000 
.0000 


.0000 


.18 

al 

.16 
•18 
•88 
.10 
.88 
.18 
.82 
.18 


.80 


0.8 
0.6 

OJ 

0.6 
0.6 
0.6 
1.1 
0.6 
0.6 
0.6 


0.8 


Odor,  generally  none,  aometUnee  feintly  vegetable  or  nnpleaaant,  beooming  mnaty  on  hantlag. 
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•WESTON. 

Water  SuppiiT  or  Weston.  —  Weston  Aqueduct  Company. 

The  scarce  of  supply  is  a  well  11  feet  in  diame^r  and  25  feet 
deep,  situated  in  the  valley  of  Cherry  Brook  in  Weston. 

Chemical  Examination  of  Water  from  the  WeU  of  the  Weston  Aqueduct  Company. 

[Puts  p«r  100.000.] 


i: 

• 

1 

saa 

1 

AlCMOnA. 

1 
.48 

NiTBOOBM 

AS 

Oxygen 

Conaamed. 

1 

1 

Albu- 
minoid. 

K 

• 

• 

Aven^  of  alx  aamplM  collected  lo  Feb- 
runrj,  April,  Jaoo,  Angnet,  October  and 
Dceomber,  1806. 

.06 

0.80 

.0002 

.0081 

.0888 

.0000 

.07 

8.2 

.0028 

Odor,  none.— -The  lltsi  Minple  wae  collected  from  •  fancet.  and  the  othen  from  the  well. 

The  advice  of  the  State  Board  of  Health  to  C.  W.  Hubbard  of 
Weston,  relative  to  a  proposed  water  supply  for  a  part  of  the  town 
of  Weston,  may  be  found  on  pages  54  and  55  of  this  volume. 


Water  Supply  of  West  Springfield. 

The  sources  of  supply  are  a  storage  reservoir  on  Darby  Brook 
and  a  well  in  the  valley  of  the  brook  below  the  reservoir.  The 
Darby  Brook  storage  reservoir  has  an  area  of  3.5  acres,  an  average 
depth  of  9  feet  and  a  capacity  of  10,000,000  gallons.  It  has  a 
water-shed  of  0.35  of  a  square  mile,  which  contains  no  population. 
The  yield  of  the  reservoir  has  been  increased  by  the  diversion  into 
it  of  the  water  of  a  spring  in  another  water-shed.  The  well  in  the 
valley  of  Darby  Brook  is  25  feet  in  diameter  and  14  feet  deep. 
Water  from  this  source  is  used  to  supply  the  higher  portions  of  the 
town. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  West  Springfield,  relative  to  increasing  the  water  supply 
of  that  town  and  relative  to  the  quality  of  the  water  of  the  present 
sources,  may  be  found  on  pages  55  to  61  of  this  volume. 

The  advice  to  the  board  of  health  of  West  Springfield,  relative 
to  the  use  of  the  water  of  the  Westfield  River  for  the  supply  of  the 
town  at  times  when  water  is  being  used  for  extinguishing  fires, 
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may  be  found  on  page  57  of  this  volume.  The  results  of  chemical 
analyses  of  samples  of  water  from  the  Westfield  Kiver  may  be 
found  in  a  chapter  on  the  <<  Examination  of  Bivers,"  in  a  subse- 
quent portion  of  this  report. 

Chemical  Examination  of  Water  from  a  Faucet  supplied  from  Darby  Brook 

Reservoir, 

[Pftrto  per  100,000.] 


Ji 

I 


22084 
28314 
24325 
24852 


Av. 


1 


1899. 

If  ar.  80 

lUf  26 

Aog«  10 
Sept.  28 


Appbasavcs. 


! 


V.sUgbt. 
Slight. 
Blight. 
Slight. 


V.illght. 
Slight. 
V.tiigbt. 
Slight. 


I 


.10 
.80 
.24 
.10 


.28 


RB8IDUK  OM 

£VAP014- 

TXOir. 


5.80 
5.85 
5.80 
5.00 


5.04 


g 


i 

a 


1.45 
1.00 
1.45 
1.05 


1.01 


Ammoria. 


i 


,0008 
.0008 

.0008 
.0018 


.0010 


Albomlnold. 


I 


.0008 
.0180 
.0140 
.0140 


.0120 


.0048 
.0082 
.0118 
.0000 


.0064 


i 

OS 


.0018 
.0048 


.0080 


.0066 


i 


.12 

.18 
.22 
.14 


.16 


NxnooBM 


I 


.0080 
.0070 
.0080 
.0000 


.0002 


i: 

SB 


.0000 
.0000 

.0001 
.0001 


.0000 


s 


e 

a 


M 

o 


IT 


.21 


.23 


m 

m 


2.8 
2.7 
8.1 
S.0 


2.8 


Odor»  diitinetly  vegetable  aod  eometimee  graaey  or  miuty. 


Chemical  Examination  of  Water  from  the  Receiving  Well  of  the  West  Springfield 

Water  Works. 

[Peru  per  100,000.] 


i 
i 


22688 
28815 
24824 
24858 


At. 


J 


1999. 

Mer.  80 

May  26 

Aug.  16 
Sept.  28 


AFPSA14IIGB. 


t 

9 


None. 
None. 
Slight. 
V.tUght. 


None. 
V.iHght. 
V.  alight. 
None. 


.00 
.00 
.02 
.00 


.00 


8 


1^ 


7.80 
7.80 
8.00 
7.70 


7.82 


Ammomu. 


I 


I 

a 


.0000 

.0006 
.0000 
.0000 


.0001 


.0018 
.0024 
.0022 

.0010 


.0018 


I 


.42 
.40 
.41 
.45 


.44 


KnvooBV 


i 

i 

1 

1 

^ 

A 

.2120 
.2200 
.1000 
.1620 


.1750 


.0000 
.0000 

.0000 
.0000 


.0000 


1 


E 

I 


.17 
.02 
.02 
.01 


.05 


1 

7i 


8.8 

8.6 
4.0 
8.1 


8.8 


I 


.0060 


.0087 


Odor«  none.——  The  Mimplee  were  eolleeted  ftom  •  faneet  at  the  pwnping  etatloa. 
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Chemical  Examination  of  WaUr  Jrom  Various  Sources  in  West  Springfield. 

[Puts  par  100,000.] 


» 


S 


a 

I 


31880 
21831 
21888 

22140 

22103 
22102 


Jan.  11 
Jao.  11 
Jaa.   11 

Feb.    7 

Feb.  7 
Feb.    7 


I 


Deetded. 

SHgbt. 

Slight. 

SHgbt. 

Slight, 
y.  slight. 


Gone. 

Blight. 

Cone, 

earthy. 
Oona., 

earthy. 
Blight. 
Heavy. 


.10 
.48 
.17 

.18 

.20 

.06 


RasiDDS  ox 
BvxroBA- 

TIOM. 


I 


a 

s 
Si 


i 


7.10 
7.10 
4.4A 

4.M 

6.26 
7.60 


1.80 
2.20 
1.66 

1.26 

1.60 


Ammoioa. 


Albamlnold. 


i 


t 


.0014 
.0016 
.0012 

.0014 

.0004 
.0004 


.0040 
.0200 
.0112 

.0068 

.0070 
.0070 


.0028 
.0172 
.0066 

.0062 

.0066 


.0012 
.0028 
.0066 

.0096 

.0004 


,18 
,28 
,20 


.14 
.10 


Ninoon 


V 

I 


.0080 
.0090 
.0120 

.0180 

.0120 
.0020 


.0001 
.0000 

.0000 

.0000 

.0000 
.0000 


"8 

a 

a 
« 
a 

s 

a 


.06 
.60 
.17 

.20 

.24 
.11 


i 


4.8 

8.6 
2.0 

2.0 

8.6 
4.0 


Odor  of  the  flrat  three  eamplea,  vegetable ;  of  the  laat  three,  none,  beeoming  faintly  Tegetable  or 
earthy  on  heatlog.  — —  The  first  sample  was  eolleoted  from  Pepper  or  Thompson  Brook ;  the  seeond, 
from  Btoek  Brook  near  Dewey  Street;  the  third  and  fourth,  from  Hyde  Brook;  the  flfth» from  Bear 
Hole  Brook  neftr  Massasolt  Spring;  the  last,  from  Massasoit  Spring. 


Water  Supply  of  Weymouth. 

The  source  of  supply  is  Great  Pond  in  Wejrmouth.  The  pond  has 
an  area  of  290  acres  and  a  general  depth  of  12  feet.  The  water- 
shed of  the  pond  has  an  area  of  2.85  square  miles »  which  contains 
a  population  of  about  85  per  square  mile.  There  is  considerable 
swamp  upon  the  water-shed  in  the  vicinity  of  the  pond,  and  there 
are  large  portions  of  the  pond  which  are  flowed  to  a  slight  depth. 


Chemical  Examination  of  Water  from  Oreat  Pond  in  Weymouth. 

[Parts  per  100,000.] 


0 
as 


2S001 


M076 
34811 


At. 


.Tan.  SO 
Mar.  80 
ICay  94 
Jnlj  28 
Sept.  28 
Dee.    1 


AmAMAXcm. 


V.  slight. 

V.  slight. 

V.sllght. 

Slight. 

Slight. 

BHghU 


V.slight. 

Slight. 

V  slight. 

Cons. 

Cons. 

Slight. 


i 
s 


1.02 
0.09 
1.00 
0.76 
0.98 
1.80 


1.01 


Bbsiddb  ov 

EVAPOSA- 
TIOW. 


a 


I 


4.40 
8.86 
8.26 
4.16 
4.00 
6.80 


4.28 


2.80 
2.00 
1.60 
2.86 
2.76 
8.10 


2.88 


AxMonA* 


,0002 
.0000 
,0008 
.0008 
.0010 
.0014 


.0008 


Albamlnold. 


.0218 
.0178 
.0108 
.0282 
.0888 
.0270 


.0288 


I 

s 


.0308 
.0170 
.0182 


.13 

it 


.0012 
.0008 

.0084 


.0198  .0084 
.02041.0084 
.02601.00261 


.0198 


.0026 


4 
I 


.74 
.67 
.48 
.62 
.64 
.68 


.66 


RnnooBS 

▲s 


■ 

I 

i 


.0060 
.0070 
.0080 
.0010 
,0060 
.0090 


.0088 


.0000 

.0000 
.0000 

.0000 
.0000 
.0000 


.0000 


s 

a 


0.98 
0.00 
0.76 
0.87 
0.96 
1.80 


0.97 


8 


1.1 
0.0 
0.8 
1.0 
0.6 
0.8 


O.T 


Odor,  generally  faintly  vegetable,  becoming  stronger  on  heating;  at  other  times,  none. 
samplae  were  eoUacted  Irom  faacets  to  the  town,  supplied  with  water  from  the  pood. 
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Water  Supplt  op  Whitman. 

The  source  of  supply  is  a  filter-gallery  on  the  shore  of  Hobart^s 
Pond  in  Whitman.  The  filter-gallery  is  in  two  sections,  the  first 
being  100  feet  long  and  fifteen  feet  wide,  the  second  416  feet  long 
and  iy2  feet  wide.  The  yield  of  the  filter  gallery  is  insufficient  for 
the  supply  of  the  town,  and  a  considerable  quantity  of  water  is 
taken  directly  from  the  pond.  The  pond  has  an  area  of  175  acres, 
much  of  which  is  very  shallow.  Its  water-shed  of  6.4  square  miles 
contains  about  670  persons  per  square  mile,  many  of  whom  live  upon 
the  shores  of  the  pond  or  upon  the  banks  of  the  feeders  of  the  pond. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  Whitman,  relative  to  the  use  of  the  water  of  Maquam 
Pond  in  Hanson  as  a  source  of  water  supply  for  the  town,  may  be 
found  on  pages  61  to  64  of  this  volume. 


Cffiemicdl  Examination  of  Water  from  the  FiUer-gaUery  of  the  Whitman  Water 

Works, 

[Pftrta  per  100,000.] 


i 

a 


i 


21001 
21707 
2S808 
24010 


▲▼. 


ISM. 

Jan.  20 
Apr.  7 
Jaly  6 
Oet.     ft 


APPBABAVa. 


I 


Decided. 
Decided. 
Slight. 
Decided. 


Ooos. 
Cone. 
Cons. 
BUgbt. 


.60 
.70 
.90 


.06 


I 


g 


I 


6.80 
0.80 
8.10 
7.00 


0.80 


AXMOXIA. 


I 


.0000 
.0080 
.0060 
.0282 


.0108 


1^ 


.0104 
.0114 
.0400 
.0272 


.0280 


4 


.01 
.00 
.07 


.02 


NiTBOOXV 
▲8 


I 


.0280 
.0420 
.0010 
.0050 


.0190 


I 


.0001 
.0001 
.0001 
.0001 


.0001 


a 

D 

s 

& 


I 


.64 
.44 

.88 
.05 


.88 


2.8   .0000 
2.S    .0460 


2.6 

2.6 


2.4 


.0860 


Odor  of  the  flrtt  eemple,  none;  of  the  eeoond,  dietinotly  Tegeteble;  of  the  third,  dUttnetly 
of  the  leet,  none,  becoming  felntly  eerthy  on  heetlng. 


Chemical  Examination  of  Water  from  HobarCs  Fond^  Whitman. 

[Parti  per  100,000.] 


i 
§ 


SIOOO 
22700 
28807 
24000 


Av. 


IMS. 

Jen.  26 
Apr.  7 
Jnly  0 
Oct.    6 


ApnABASon. 


6 

9 


SH«ht. 
Dedded. 
Slight. 
Slight. 


Slight. 
SUghU 
Oonc* 

Slight. 


.00 
.70 
.90 
.66 


rb8idub  oh 

Eyapoba- 

nov. 


4.76 
0.16 
7.00 
7.00 


0.67 


81 

r 


2.26 
2.20 
8.12 
2.96 


2.08 


Ammovia. 


I 


Albuminoid. 


7 

I 


.0020 
.0028 
.0084 
.0012 


.0026 


.0280 
.0210 
.0508 
.0448 


.0861 


.0200 
.0202 
.0440 
.0870 


.0818 


•8 

■a 


.0020 
.0008 
.0068 
.0078 


.0048 


S 

o 


0.70 
0.86 
0.97 
1.00 


0.88 


NmooBB 


I 


.0180 
.0000 

.0080 
.0010 


.0066 


I 


.0001 
.0001 
.0000 
.0001 


s 


.06 

.86 
.04 
.90 


.0001|j.79 


Odor,  dietlnctly  vegetable  and  eometlmee  alao  mnety. 


4 
I 


1.4 
1.8 
2.6 
2.6 

2.0 
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The  advice  of  the  State  Board  of  Health  to  the  Commonwealth 
Shoe  and  Leather  Company  of  Whitman,  relative  to  the  use  of  the 
water  of  certain  wells  upon  the  premises  of  that  Corporation,  may- 
be found  on  pages  64  and  65  of  this  volume.  Analyses  of  samples  of 
water  collected  from  the  wells  are  given  in  the  following  table :  — 

Chemical  ExatnincUion  of  Water  from  the  Wells  of  the  Commonwealth  Shoe  and 

Leather  Company^  WhUman. 

[ParU  per  100,000.] 


« 

Appbaxahcb. 

Betldae  on 
Evaporation. 

Ammohia. 

g 

KiTBOflBM 

▲a 

m 

1 

1 

« 

n 

1 

t 

m 

1 

• 

1 

< 

s 

S 

i 

1898. 

86MS 

Deo.    7 

V.allght. 

None. 

.10 

20.50 

.0080 

.0018 

4.17 

1.0400 

.0011 

.11 

0.1 

.0110 

2&605 

Dec  10 

None. 

V.allght. 

.10 

21.40 

.0074 

.0010 

4.80 

0.9600 

.0012 

.08 

6.0 

.0060 

2&7fiO 

Deo.  21 

V.sUght. 

V  alight. 

.11 

21.00 

.0090 

.0088 

4.16 

0.8260 

.0016 

.07 

6.0 

.0800 

Odor,  none. The  aamplea  were  collected  from  a  faucet  in  the  pump  room  of  the  factory. 


Water  Supply  op  Williamstown. — Williamstown  Water 

Company. 

The  sources  of  supply  are  Cold  and  Sherman  springs,  Paul 
Brook  and  Flora  Glen  Reservoir.  The  springs  are  situated  on 
uninhabited  mountain  sides ;  Paul  Brook  has  an  uninhabited  water- 
shed, and  the  water-shed  of  Flora  Glen  Reservoir  contains  a  very 
small  population. 


Chemical  Examination  of  Water  from  Cold  Spring  Beservoir^  Williamstotvn, 

[Pftrto  per  100,000.] 


1 

•  m 

AMXonA. 

1 
.06 

Unaoocx 

▲a 

a 

0 

& 

• 

1 

1 

Albu- 
minoid. 

1 

» 

i 

Average  of  alx  aMnplee  oollectad  in  Feb- 
nmrf,  April,  Jane,  Angaat,  October  and 
Deeenber,  1898. 

.01 

12.07 

.0002 

.0010 

.0687 

.0000 

.02 

11.6 

2.0 

Odor,  noois.  '-^-  The  Munplea  were  ooUected  from  faaeeta  in  the  town. 
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Chemical  Examination  of  Water  from  Sherman  Spring  Reservoir^  WiUiamsUwm, 

[Paris  per  100,000.] 


o 


e 

a 

« 


Average  of  alz  samples  collected  in  Feb. 
raary,  April,  JuQCt  August,  October,  and 
December,  1898. 


O.S 


8.70 


AxMon4. 


■ 

I 


1 


.0016 


.0087 


.07 


NlTROOBir 

▲s 


8 

s 


.0086 


.0000 


a 


M 

o 


EB 


.06 


0.1 


.0017 


Odor  in  June,  distinctly  musty  and  unpleasant;  at  other  tlmee,  none. 

Chemical  ExamincUion  of  Water  from.  Flora  Glen  Reservoir,  WiUiamsloum, 

[Parte  per  100,000.] 


I 


Average  of  six  samples  collected  In  Feb- 
ruary, April,  June,  August,  October 
and  December,  1808. 


.10 


Rbsidub  om 

EVAFOBA- 

noM. 


o 


g 

SB 


4.47 


0.02 


Amconi. 


Allmmlnotd. 


I 


I 


.0008 


.0066 


.0044 


5* 


.0011 


.08 


KlTBOOSM 
AS 


• 

i 


.0067 


.0001 


s 
o 

O 

8 

o 


i 


.1SS.T 


Odor  In  February,  April  and  December,  none;  in  June,  faintly  musty;  in  AngnsA,  none,  beeoaiog 
dlatinctly  musty  and  flshy  on  heating;  in  October,  faintly  uopleaaant. 

Chemical  Examination  of  Water  from  Paul  Brook  Reservoir^  WHliamsiown. 

[ParU  per  100.000.] 


& 


Average  of  six  samples  collected  In  Feb- 
ruary, April,  June,  August,  October 
Mtd  December. 


.08 


Rbsidub  ov 

EVAPOBA- 
TIOH. 


■i 


I 
I 


I 


8.60 


0.76 


Amkohia. 


Albuminoid. 


I 


.0008 


.0082 


1 

•t 
3 

a 


t 
*  « 

o  a 

CO 


.0022 


.0010 


g 


.08 


NmooBB 


I 


I 

S 


.0108 


.0000 


e 

I 

O 


.072.6 


Odor,  none. 

Wilmington. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
Wilmington,  relative  to  the  purity  of  the  water  of  a  well  intended 
for  use  for  drinking  purposes  in  a  new  school-house  in  that  town, 
may  be  found  on  page  65  of  this  volume.  The  results  of  the  an- 
alysis of  a  sample  of  water  collected  from  the  well  are  given  in  the 
following  table :  — 
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TmOEiMINGTON* 

Chemical  ExamincUian  of  Water  from  a  Well  in  Wilmington. 

[Pftrta  p«r  100,000.] 


a 

a 


S 

i 


a 


2SU0 


Dee.    S 


Appkasavoi. 


I 


Sllgfat. 


i 


V.aligbt. 


a 


.OS 


I 


4.00 


AmOHIA. 


I 


I 


.OOTO 


.0048 


i 

1 


.M 


NlTBOOm 
AS 


I 


.ouo 


9a 


.0090 


a 

a 


I 


.08 


i 


s.o 


.0040 


Odor,  faliiUy  anptoMaot. -^  The  sample  was  ooUeeted  from  a  wall  naar  tha  naw  sehooUhoosa 
OB  Battar's  Row»  In  Um  **  South  DIstriot.*' 

Water  Supplt  op  Winchendon. 

The  source  of  supply  is  a  well  28%  feet  in  diameter  and  25  feet 

deep,  situated  in  Prentiss  Meadow  in  the  valley  of  Miller's  Biver. 

About  1,065  feet  of  earthen  pipe  with  open  joints  have  been  laid  in 

*  the  vicinity  of  the  well,  5  feet  beneath  the  surface  of  the  ground, 

and  connected  with  the  well. 


Chemical  Examination  of  Water  from  the  Well  of  the  Winchendon  Water  Works. 

[Parta  par  100,000.] 


Data  of 

Collcctloii. 

Appsakavob. 

.1 

II 

AMMOmA. 

^ 

Kmoaav 

Aa 

1 

i 

1 

• 

«< 

1 

1 

• 

1 

1 

1 

SSStT 

199S. 

Fab.  S8 

TSfcoB. 

ITona. 

.00 

8.80 

.0006 

.0012 

.18 

.0070 

.0000 

.06 

1.6 

.0000 

t200S 

Apr.  S7 

Nona. 

Nona. 

.OS 

8.80 

.0010 

.0010 

.14 

.0070 

.0001 

.08 

1.0 

.0080 

8ns 

JanaST 

V.aUsht. 

V.sllffht. 

.00 

8.40 

.0002 

.0028 

.11 

.0020 

.0000 

.08 

l.S 

.0000 

tun 

Anff.ii 

Nona. 

Nona. 

.01 

S.00 

.0006 

.0014 

.00 

.0080 

.0000 

.02 

1.8 

.0060 

2ftUB 

tuos 

Oet.  U 
Daa.  S8 

Bllffbt. 

milky. 
Vona. 

Nona. 
Nona. 

.S6 
.08 

.07 

8.80 
8.00 

.0000 
.0000 

.0020 
.0000 

.10 
.12 

.0010 
.0020 

.0000 
.0001 

.07 
.04 

1.7 
1.6 

.0600 
.0010 

Av... 

8.40 

.0004 

.0014 

.11 

.0087 

.0000 

.04 

1.8 

.0116 

Odor  of  No.  25128  daddadly  tarry  and  dlsagraaabla;  of  tha  others,  none. Noa.  24428  and  2A128 

ware  coUaoUd  from  faaaata  In  tha  Tlllaga,  and  tha  others  from  tha  well. 

Water  Supply  op  Winchester. 

The  sources  of  supply  are  three  storage  reservoirs  situated  in 
Middlesex  Fells  in  the  towns  of  Winchester  and  Stoneham.  The 
North  Reservoir  has  an  area  of  59  acres,  a  storage  capacity  of 
259,000,000  gallons  and  an  independent  water-shed  of  0.78  of  a 
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square  mile.  The  water-shed  of  this  reservoir  contains  a  popula- 
tion of  524  per  square  mile. 

The  South  Beservoir  has  an  area  of  82  acres,  an  average  depth 
of  20  feet  and  a  water-shed  of  0.44  of  a  square  mile,  which  is 
uninhabited. 

The  Middle  Reservoir  has  an  area  of  58  acres,  an  average  depth  of 
13  feet  and  a  water-shed  of  0.3  of  a  square  mile,  which  is  uninhabited. 

The  land  on  which  the  reservoirs  were  constructed  was  swampy, 
and  the  bottoms  of  the  reservoirs  are  covered  with  mud  and  organic 
matter.  The  water  of  the  reservoirs,  especially  of  the  Middle  Res- 
ervoir, contains  a  large  amount  of  organic  matter  at  times. 

The  advice  of  the  State  Board  of  Health  to  the  water  board  of  Win- 
chester, relative  to  the  protection  of  the  water  supply  of  that  town 
from  pollution  from  houses  situated  on  the  water-shed  of  the  North 
Reservoir,  may  be  found  on  pages  121  and  122  of  this  volume. 


Chemical  Examination  of  Water  from  ike  North  Reservoir  of  the  Winchester 

Water  Works. 

[Parte  per  100,000.] 


I 


21740 
89000 
S2800 
227S7 
»040 
S8862 
S8788 
84182 
84508 
24901 
86218 
85006 


Av. 


1 

6 

S 

m 


1S98. 

Jan.  4 

Feb.  4 

ICar.  1 

Apr.  5 

ICay  8 

Jnne  1 

July  6 

Aug.  2 

Sept.  7 

Oot.  4 

Not.  1 

Dee.  18 


APPXXBAaOS. 


g 


5 

o 


Slight. 

Deelded. 

V.ellght. 

v.  Blight. 

Decided. 

Deelded. 

V.ellght. 

v.  Blight. 

BUght. 

V.  Blight. 

V.Blight. 

SUght. 


Slight. 

Blight. 

V.Blight. 

V.Blight. 

ConB. 

OonB. 

Blight. 

BHght. 

Slight. 

V.Blight. 

V.  BUght. 

V.  BUght. 


.00 
.10 
.04 
.08 
.10 
.16 
.10 
.00 
.11 
.11 
.18 
.17 


.11 


Rkbiduk  ov 
Btapoiu- 

TIOX. 


7.80 
6.00 
2.0ft 
6.70 
6.80 
6.06 
6.80 
6.46 
6.26 
6.26 
6.06 
6.00 


6.70 


§1 


J 


2.16 
1.66 
0.70 
1.86 
1.76 
1.66 
2.50 
2.46 
2.80 
1.90 
1.06 
1.76 


1.87 


AxMoaiA. 


i 


.0014 
.0062 
.0028 
.0006 
.0010 
.0084 
.0006 
.0012 
.0026 
.0088 
.0110 
.0068 


Albamlnoid. 


I 


.0088 


.02661 
.0170 
.0064 
.0216 
.0866 
.0804 
.0848 
.0264 
.0284 
.0844 
.0880 
.02a 


.0288 


00 


.0844 
.0142 
.0060 
.0144 
.0800 
.0240 
.0200 
.0216 
.0210 
.0226 
.0202 
.0212 


.0101 


.0012 
.0028 
.0004 
.0072 
.0068 
.0064 
.0048 
.0048 
.0024 
.0018 
.0028 
.0088 


.0087 


i 

i 


.94 
.66 

.80 
.78 
.76 
.70 
.44 
.71 
.68 
.62 
.65 
.68 


.66 


HmoQxa 


I 
I 


.0180 
.0160 
.0010 
.0100 
.0000 
.0050 
.0010 
.0020 
.0000 
.0010 
.0040 
.0110 


.0068 


i 


.0000 
.0000 
.0000 
.0001 
.0002 
.0002 
.0000 
.0000 
.0001 

.oooot 

.0001 
.0001 


I 


B 

s. 

o 


.80 
.24 
.18 
.84 
.27 


.0001 


.81 
.84 
.81 


8.0 
2.6 
1.0 
2.6 
2.6 
2.6 
8.6 
2J 
2.6 
2.6 
2.6 
8.6 


SJ 


Odor,  generaUy  vegetable,  becomlog  etronger  and  oeoasioDaUy  graBBy  or  nnpleaaant  on  beating. 
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Microscopical  ExaminaUon  of  Water  from  the  North  Reservoir  of  the  Winchester 

Water  Works, 

[Namber  of  orfKiiSnM  p«r  caMe  c«ntlmet«r.] 


ISM. 


Jan. 


F«b. 


Itar. 


Apr. 


Vmj. 


Jbim. 


July. 


Aug. 


8«pt 


Oct. 


Not. 


Dec 


Day  of  ezamloationg  .       • 
Nmnlier  of  uunplo,    .       • 

PLANTS. 
DiatomaoeeB, 

Aaterionolla,  • 

Cyelotella,    •  .  •  . 

Bynedra,       .  •  •  • 

T^bollarla,    .  .  •  . 

Oyanopbycee*  •     • 

AnalMBBa,     •       •       •       • 

i». 

Baphldhun,  •       .       .       • 

ANIMAL8. 
Bliisopoda,   •      .      .      • 

InftuBoria»     •      •      •      • 

DiaobiyoD,  •  •  •  • 
Uallomonaa,  .  •  . 
TnefaolomoDaa,  •       •       • 

Vermes. 

Orastaoea,  Cyelopa,    • 

iff<w//aii<wf ,  Zoggkea,  . 

TOTAI., 


A 
21749 


I 


4 
23000 


6 
22787 


4 
29046 


2 
28862 


6 

28788 


a 

24182 


8 
24688 


6 
24001 


2 
26218 


14 

26808 


62 
12 

4 
20 


f 

0 

8t 
48 


0 
0 
0 
0 


0 
0 

0 
0 


0 
0 

1 

0 


0 
0 

I 
1 


82 

868 

44 

10 


0 
0 

14 
12 


84 

800 

620 

00 


0 
0 

78 
44 


0 

18 

8 

S 


8 

0 


80 


0 
6 
8 

0 


4 

2 

46 

46 


0 
2 
0 
0 


6 

0 

8 

0 


14 
0 

1 
1 

0 


18 

17 

f 

0 


88 

88 

60 

10 

0 

87 

2 

18 

1 

0 

0 

4 

0 

8 

S 

18 

6 

11 

86 
6 

18 

4 


0 
0 


27 


0 
0 
0 


0 
0 


87 
0 

to 


1 

0 


0 
0 

1 


1 

0 


n 

66 

2 
2 


f 

0 


4 

0 


f 

0 


% 

0 
0 


0 
0 


0 
0 

1 


1 

0 


1 
0 
0 


97 

86 
1 

4 


pr. 


pr. 


0 
0 
8 


1 

0 


41 

0 
88 

7 

f 

0 


4 
1 
0 


10 


10 


164 


61 


666 


1,624   78 


66 


186 


01 


180 


104 
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Chemical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 

[Parts  p«r  100»000.] 


• 

1 

APPBAXAirCB. 

ReeiDUK  OH 

EVAPOIU- 
TIOM. 

Ammovza. 

a 

Z 
o 

.60 

KlTBOOXW 

AS 

« 

1 

a 

s 

a 
I 

• 

^ 

1 

• 

1 

LoMon 
Ignition. 

1 

Albnmlnofd. 

• 

• 

i 

1 

■ 

s 

1^^ 

• 

1 

21761 

Jfto.    4 

Decided. 

Gone. 

.80 

6.06 

1.76 

.0108 

.0312 

.0208 

.0014 

.0070 

.0001 

.44 

A*V 

22801 

lUr.   1 

V.illghU 

V.iUght. 

.10 

8.10 

0.00 

.0074 

.0180 

.0178 

.0002 

.87 

.0080 

.0000 

.22 

«eV 

22728 

Apr.   6 

V.slight. 

V.iUght. 

.21 

8.86 

1.06 

.0080 

.0284 

.0244 

.0040 

.88 

.0070 

.0001 

.28 

1 

XeO 

28047 

May    8 

Dedded. 

OOBS. 

.16 

8.00 

1.86 

.0000 

.0800 

.0180 

.0074 

.88 

.0060 

.0001 

1 
.80 

t 

^•9 

23884 

Jan«  8 

V.ellfht. 

V.ilight. 

.11 

0.80 

2.00 

.0020 

.0270 

.0212 

.0068 

.08 

.0020.0000 

.80 

2»ev 

28780 

July    6 

Slight. 

Slight. 

.11 

8.40 

1.06 

.0012 

.0200 

.0260 

.0010 

.80 

.0010  .0000 

'.81 

XeO 

24138 

Aug.  2 

Slight. 

Slight. 

.08 

8.70 

2.00 

.0002 

.0280 

.0204 

.0020 

.84 

.0010.0000 

.80 

1.8 

24604 

Sept.  7 

Slight. 

Slight. 

.10 

8.66 

1.06 

.0014 

.0222 

.0202 

.0020 

.40 

.0000 

.0000 

.88 

AeO 

24002 

Oet.    4 

V.elight. 

V.elight. 

.11 

8.20 

1.66 

.0002 

.0212 

.0188 

.0024 

.82 

.0010 

.0000 

.81 

1  ef 

26210 

Not.  1 

Slight. 

Slight. 

.80 

8.06 

1.06 

.0188 

.0204 

.0218 

.0040 

.88 

.0010 

.0000 

.84 

X*o 

28007 

Deo.  18 

Slight. 

V.elight. 

.22 

.17 

8.70 

1.00 

.0112 
.0047 

.0204 
.0264 

.0268 

i 

.0221 

.0088 
.0083 

.81 

.0010 
.0020 

.0000 
.0000 

.80  1  1.7 

1 

Av... 

8.87 

1.04 

i        1 
.81  I  1* 

I' 

r" 

' 

Odor,  generally  vegeteble,  eometlnee  none.    On  heeling,  the  odor  of  moet  of  the  eemplee  beeenM 
dietlnctly  vegetAhle  end  eomettmee  graeey. 

Microscopical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  orguiieme  per  enblo  oentlmeter.] 


1S9S. 


Jan. 


Mar. 


Apr. 


M^ 


Jane. 


Joly. 


Ang. 


Sept. 


Oct. 


Not. 


Dec 


Day  of  examination,   • 
Number  of  eample,     • 

PLANTS. 
Dlatomaceoo, 

▲■terlonella,         • 
Oycloiella,     . 
Byoedra,        • 

Oyanopbyoen,    . 

Anab»na,  • 

AlgOB, 

Baphldtnm,   .       • 


6 

21781 


2 

22801 


0 
22728 


4 
$8047 


8 

|28780i24188 


8 
24604 


14 

240Q2i2521»|26007 


867 

860 

0 
1 


I 
0 

If 

12 


0 
0 
0 


0 

0 

0 
0 


80 
0 
0 


0 
0 

8 
8 


10 
144 
100 


f 

0 

74 
68 


44 

0 
80 
12 


00 


0 
0 

1 


0 
0 

11 

10 


8 

1 
1 


8 

0 


24 

0 
0 


If 

10 

118 
04 


m 

174 
1 

2 


It 

8 

tf 
8 


0 

Q 

4 


IS 

8 

0 
8 


H 

64 


n 
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Microscopic€U  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works — Concluded. 

[Number  of  orgnnlmis  per  enblo  oontlmetor.] 


ISSS. 

Jan. 

M«r. 

Apr. 

M^. 

June. 

July 

Aog. 

Sept. 

Oct 

Xov. 

Dec 

ANIMALS. 

Bhlsopoda, 

0 

0 

0 

1 

0 

0 

0 

0 

InftiBorla, 

0 

If 

If 

4 

17 

5 

44 

18 

111 

80 

THnobrjon,    •       •       •       .        •       • 
MnUomonai, .       •       •       •        •       . 

0 
0 

4 
0 

4 
0 

11 
2 

0 
0 

44 

0 

14 

87 
64 

77 
0 

Vermes.   •      •      .      .      •      •      . 

0 

0 

0 

1 

0 

0 

1 

0 

1 

Crustacea.  Oyeiop**     .      .      •      • 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

Jlflte«/toii«oiMt  Zo9gIcB«,    •       .       .       • 

0 

10 

s 

5 

5 

8 

If 

8 

TOTAI., . 

871 

0 

64 

868 

17ft 

87 

48 

20ft 

228 

201 

200 

Chemical  Examination  of  Water  from  the  Middle  Beservoir  of  the  Winchester 

Water  Works. 


[Parta 

per  100,000.] 

1 

• 

APnABASCB. 

Rksidub  ov 
Eyafoiu- 

TIOV. 

A¥MOHIA. 

1 

.46 

MlTBOOaM 
AS 

• 

5 

• 

1 

u 

1 

1 

Lesson 
Ignition. 

1 

Albnminold. 

9B 

s 

i 
i 

as 

« 

1 

1 

s 

Sus- 
pended. 

3 

S17ftO 

ISSS. 

Jan.    4 

I>eeided. 

OODl. 

.80 

4.2ft 

2.10 

.0066 

.0402 

.0382 

.0050 

.0110 

.0000 

.84 

1.8 

SS8M 

Mar.    1 

y.sught. 

V.allgbt. 

.18 

2.80 

1.00 

.0172 

.0100 

.0180 

.0010 

.80 

.0080 

.0000 

.22 

1.0 

nm 

Apr.   8 

Blight. 

Slight. 

.82 

8.2ft 

1.00 

.0002 

.0446 

.0814 

.0182 

.88 

.0000 

.0001 

.46 

1.1 

0048 

May    8 

Deelded. 

Oona. 

.81 

8.2ft 

1.70 

.0004 

.0422  .0262 

.0160 

.81 

.0080 

.0000 

.42 

1.0 

n868 

Jana   1 

Doelded. 

Cons. 

.80 

8.70 

1.7ft 

.0010 

.0660  .0610 

.0260 

.87 

.0000 

.0002 

.48 

1.1 

0790 
24184 

Joly    ft 
Aug.  2 

Slight. 
Blight. 

Conin 

green. 
Cone. 

.80 
.2ft 

4.80 
4.ft0 

2.8ft 
2.ftft 

.0090 
.0002 

.0682  .0406 
.0680.0348 

.0276 
.0282 

.24 
.80 

.0020 
.0080 

.0004 
.0000 

.60 
.48 

1.8 
1.0 

24008 

Sept.  7 

Deeldod. 

Oone. 

.24 

4.0ft 

2.80 

.0076 

.0688 

.0364 

.0824 

.28 

.0000 

.0000 

.82 

1.4 

tl008 

Oct.    4 

Slight. 

Oona. 

.18 

8.0ft 

2.10 

.ooow 

.0788 

.0840 

.0418 

.88 

.0010 

.0000 

.ft4 

1.4 

2tt20 

Not.  1 

Dwddod. 

Oona. 

.20 

8.7ft 

1.90 

.0004 

.0886 

.0294 

.0242 

.81 

.0000 

.0000 

.ftl 

1.4 

28008 

Doo.  18 

Deddod. 

Blight. 

.28 
.20 

4.7ft 

8.1ft 

.0006 
.0081 

.0422 
.0821 

.0640 
.0819 

.0082 
.0202 

.28 
.88 

.0010 
.0080 

.0000 
.0001 

.ft6 

.48 

1.8 

At... 

8.84 

2.00 

1.2 

Odor,  fsnaimtty  distinctly  Togstable,  beeoming  aomeUmea  alao  graaay  or  disagreeable  on  heating. 
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Microscopical  Examination  of  Water  from  the  Middle  Beservoir  of  the  Winchester 

Water  Works. 

[Nnmbcr  of  org*Dlftms  per  cubic  oeDtlmator.] 


1S»S. 


Jan. 


Mar. 


Apr. 


May. 


Jane. 


Jnlj. 


Aog. 


Sept. 


Oct 


Hot. 


Dee. 


Day  of  ezamlnatioiii    •       •       •       •       • 
Namber  of  samplot     •       •       •       •       • 

PLANTS. 
Diatomaoe»» 

A0tertoneUa»  ..•.•• 
Oycloiella,  .••••• 
Bynedra 

OyanophyoecB,    •      •      •      •      • 

AnabiBna,  .  •  •  •  -  •  • 
Olathrocystla,  •  •  «  •  • 
Oo5loiph«rlttai,     •       .       •       •       . 

AlffflB, .       . 

Rapbidlnm,   •••••• 

Belenastnimi .       •       •       •       <       . 

ANIMALS. 
Infusoria 

Ciliated  infaaorlao,  •  •  •  . 
Dinobryon,    •••••• 

Perldtnlam, 

Tracbelomoiuuh 

Vermes, 

Crastaoea,Cyclope,     •      •      .      . 

JfliceUatuouB,  ZoSgloa,    .       •       •       • 

Total, 


5 
217fi0 


2 
22892 


6 

22720 


4 
23048 


2 
28868 


ft 

28790 


8 
24184J 


8 
24666 


5 
249081 


8  I    14 

262»'254M 

I 


196 

1 

96 

66 

174 

6M 

8 

0 

85 

1,684 

94 

0 

6 

8 

42 

46 

0 

0 

0 

8 

0 

0 

0 

0 

2 

844 

0 

0 

0 

2 

96 

1 

26 

14 

116 

2 

1 

0 

49 

1,009 

40 

f 

6 

M 

St 

884 

747 

8H 

868 

t12 

0 

0 

0 

0 

20 

814 

602 

02 

126 

62 

0 

0 

0 

0 

0 

90 

14 

6 

6 

0 

40 

2 

6 

24 

12 

0 

188 

266 

262 

160 

(18 

t 

t04 

n 

44 

61 

84 

6 

81 

lit 

1 

164 

2 

172 

60 

44 

20 

27 

0 

0 

»' 

62 

0 

0 

0 

0 

0 

0 

0 

0 

4 

u 

0 

I 


It 

4 

0 
8 


41 


0 
0 
0 
0 


16 


471 


0 
0 
0 
2 


8t 

0 
24 

0 

4 


0 
0 
0 
0 


pr. 


(4 

0 
2 

20 

8 


pr. 


10 


188 


ts 


10 
6|    11 


20 
0 
2 


4 

0 


0 
2 

4 


8 
0 


0 
0 

4 
0 


pr. 


0 

0 
0 


pr. 


10 


10 


10 


1,874  817 


876 


616 


f 

0 


47 

6 
26 

8 
12 

1 
6 


16 


1.410 


mn 


Water  Supply  or  Winthrop. 

(See  Revere  and  Metropolitan  Water  District,) 


Water  Supplt  or  Woburn. 

The  source  of  supply  is  a  filter-gallery  situated  130  feet  from 
the  shore  of  Horn  Pond  in  Woburn.  The  filter-gallery  is  82  feet 
long,  12  feet  wide,  and  the  bottom  is  8  feet  below  the  level  of  high 
water  in  the  pond.  Water  from  the  filter-gallery  is  pumped  to  an 
open  distributing  reservoir.     Horn  Pond  has  an  area  of  108  acres 
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WOBURX. 

and  a  water-shed  of  7.4  square  miles,  which  contains  a  very  large 
population. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health 
of  Woburn,  relative  to  the  pollution  of  the  water  of  Horn  Pond 
by  water  flowing  into  it  from  Put  Fowle  Brook,  so  called,  may  be 
found  on  pages  122  and  123  of  this  volume. 


Chemical  Examination  of  Water  from  the  FiUtr-gaXUry  of  the  Woburn  Water 

Works, 

[Parte  per  100,000.] 


J 
1 

Afpbabaxob. 

II 

8 

AmOMIA. 

i 

NlTHOOKV 

AS 

1 

1 

& 

1 

s 

a 
as 

9 

H 

2 

1 

1 

• 

o 

1 

M 

1 

31914 

IMS. 

Jan.  39 

None. 

V.allgbt. 

.02 

10.00 

.0064 

.0084 

1.88 

.0170 

.0000 

.05 

.0010 

22238 

Feb.  10 

None. 

None. 

.02 

10.00 

.0030 

.0088 

1.88 

.0180 

.0000 

.07 

.0010 

22584 

Mar.  16 

None. 

None. 

.02 

10.10 

.0042 

.0022 

1.81 

.0260 

.0000 

.06 

.0080 

22B17 

Apr.  20 

None. 

None. 

.01 

9.90 

.0070 

.0020 

1.29 

.0820 

.0000 

.06 

.0010 

28212 

ICay  18 

None. 

None. 

.01 

9.70 

.0040 

.0028 

1.28 

.0870 

.0000 

.06 

.0010 

2857ft 

Jane  1ft 

None. 

None. 

.06 

O.fiO 

.0080 

.0022 

1.24 

.0280 

.0000 

.04 

.0020 

28087 

July  21 

None. 

None. 

.02 

10.10 

.0040 

.0024 

1.22 

.0200 

.0000 

.10 

.0080 

24848 

A«g.l7 

v.  alight 

None. 

.00 

10.20 

.0018 

.0042 

1.28 

.0190 

.0001 

.08 

.0000 

24735 

Sept.  22 

None. 

None. 

.01 

lO.fiO 

.0048 

.0022 

1.24 

.0210 

.0000 

.04 

.0030 

25008 

Ool.  10 

None. 

None. 

.00 

10.70 

.0084 

.0022 

1.31 

.0140 

.0000 

.12 

.0010 

25181 

Not.  18 

None. 

V.iUght. 

.04 

10.80 

.0040 

.0022 

1.19 

.0800 

.0000 

.06 

.0010 

257SO 

Deo.  21 

None. 

None. 

.01 

10.80 

.0028 

.0016 

1.18 

.0850 

.0000 

.05 

.0010 

Averages  by  Tears, 


• 

1888 

• 

- 

.00 

12.00 

.0012 

.0082 

2.60 

.0846 

.0000 

• 

- 

• 

- 

1889 

- 

- 

.00 

10.84 

.0010 

.0022 

2.07 

.0372 

.0000 

- 

- 

- 

-■ 

1890 

- 

- 

.01 

11.06 

.0012 

.0028 

1.91 

.0481 

.0000 

- 

6.0 

- 

- 

1891 

- 

- 

.00 

10.86 

.0006 

.0016 

1.79 

.0668 

.0000 

- 

4.0 

- 

- 

1892 

- 

- 

.00 

11.27 

.0012 

.0024 

1.96 

.0642 

.0000 

- 

6.1 

- 

- 

1808 

- 

- 

.00 

ll.AO 

.0022 

.0018 

2.04 

.0447 

.0000 

.06 

6.8 

.0004 

• 

1894 

- 

- 

.01 

11.02 

.0026 

.0018 

1.94 

.0262 

.0000 

.05 

6.0 

.0021 

- 

1896 

- 

- 

.01 

10.82 

.0081 

.0022 

1.74 

.0204 

.0000 

.06 

4.9 

.0028 

- 

1896 

- 

- 

.01 

10.40 

.0088 

.0081 

1.66 

.0242 

.0000 

.04 

6.0 

.0011 

- 

1897 

- 

- 

.01 

10.06 

.0041 

.0082 

1.36 

.0202 

.0000 

.04 

6.0 

.0012 

- 

1898 

- 

- 

.02 

10.16 

.0041 

.0026 

1.27 

.0252 

.0000 

.06 

4.6 

.0016 

NOTB  to  aaalyece  of  1896 :  Odor,  none. 
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Chemical  Examination  of  Water  from  Horn  Pond^  Wobum* 

[FMts  p«r  100,000.J 


i 
§ 


21918 
22282 
22588 
22016 
28211 
28674 


a 


24847 
24784 
26007 
26480 
26720 


Av. 


Jan.  10 
Feb.  10 
Mar.  10 
Apr.  20 
May  18 
Jane  16 
Joly  21 
Aug.  17 
Bept.S2 
Oet.  10 
Not.  18 
Dee.  21 


APPKABAirCB. 


V.tllght. 

• 

Slight. 

Blight. 

Slight. 

V.  slight. 

Decided. 

Slight. 

Decided. 

Decided. 

Blight. 

Slight. 

V.sUght. 


i 


Blight. 

Slight. 

Blight. 

Cons. 

Slight. 

Cons., 

floe. 
Cons. 

Cons. 

Con*. 

Slight. 

Cons. 

Slight. 


.40 
.42 
.48 
.88 

.62 
.46 
.80 
.88 
.86 
.82 
.88 
.41 


.40 


RBfUDm  OH 

EVAPOKA* 

TIOV. 


i 


8.10 
7.60 
7.66 
7.80 
7.00 
7.66 
8.00 
7.70 
7.60 
8.26 
8.16 
8.80 


2.60 
2.00 
2.06 
2.66 
2.16 
2.46 
1.06 
2.10 
1.86 
2.70 
2.60 
8.06 


7.80 


AmfoioA. 


I 


Albuminoid. 


2.82 


.0014 
.0062 
.0064 
.0024 
.0024 
.0040 
.0018 
.0040 
.0040 
.0002 
.0016 
.0014 


.0087 


.0200 
.0408 
.0182 
.0248 
.0266 
.0286 
.0288 
.0886 
.0886 


.0206 
.0180 


.0286 


•8 

I 


I 

00 


.0208 
.0226 
.0148 
.0160 
.0182 
.0208 
•0296 
.0270 
.0256 
.0242 
.0200 
.0142 


.0206 


.0062 
.0182 
.0084 
.0068 
.0064 


.0116 
.0070 
.0040 


.0006  0 


0062  0.80 


.0088 


.0080  0.06 


i 

I 


1.18 
0.00 
0.08 
1.08 
0.08 
007810.06 


0.88 
0.88 
1.06 
.04 


0.i 


3 
I 


.066n. 


.0006 

.0060'.  0010 


.1010 
.0870 


.0140 
.0160 
.0900 
.0450 
.1140 


.0616 


.0066 

.0010 
.0007 
.0015 
.0018 


.0006, 

.0011 
.0007 
.0006 


.0015 


.45 

.47 

.88 

.48 
.45 
.44 
.58 
.55 
.61 
.56 
.45 


.48 


8.5 
2.7 
2.0 

8.0 
8.1 
2.0 

8.0 
8.8 
8.1 
8.4 
8.1 
2.T 


8.0 


Odor,  generally  distinctly  yegetable,  occasionally  none,  becoming  sometimes  mouldy  or  unpleasBat 
on  heating. 

Microscopical  Examination  of  Water  from  Horn  Pond^  Wobum. 

[Number  of  organisms  per  cubic  eentlmeter.] 


IBM. 


Jan. 


Feb. 


Mar. 


Apr. 


May, 


June. 


Jal7. 


Ang. 


Sept. 


Oct 


Hot. 


Dec 


Day  of  ezaminattont  • 
Number  of  sample,    . 


20 
21018 


17 


17 


21 


2228222588  22016 


10 
28211 


16 
28674 


18 
24847 


24784.25007 


21 


PLANTS. 

Dlatomaoe»t 

Asterlooella,  • 
Cyclotella,    . 

Uragilarla,    •  • 

Meloslra,      .  . 

Bynedra,      .  • 
TabeUaria,   . 


Oyanophycen,  • 

Clathrocysfls, 
CcBlosplMsrium,   • 


Boenedesmos,      • 
Btaurastmm.       • 


2,156 

802 

0 

6 

82 

1,728 

0 

4 

0 


180 

180 
0 


88 
2 

0 

4 


0 

0 
0 


4 
0 


240 

28 
0 
0 

10 

100 

2 

0 

0 
0 

10 

• 
0 


4,468 

8,088 

2 

114 

86 

1,152 
106 

0 
0 


If 

10 
0 


8,678 

728 
8 

24 

0 

8,064 

40 

0 
0 


48 

24 

4 


12 
6 

14 
0 

24 
2 

20 

2 

4 


12 


1| 
0 
0 

1,882 
0 
8 
0 

0 
0 


0 
854 


8,888 


161 
6 

2,276 

80 

40 

0 


10 
10 


2 
40 


2,148 

,576 


140 

24 

484 

0 


6 

0 


782 

176 


264 
148 

0 


4 
4 


8 

0 
0 

m 


0 

8 
f 

84 

8 

17 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 


371 


WOBURN. 

Microscopical  Examination  of  Water  from  Horn  Pond,  Wobum —  Concluded. 

[Namber  of  orgAnUma  p«r  enblo  centimeter.] 


18»8. 

Jao. 

Feb. 

Mer. 

Apr. 

May. 

Jane. 

Jnly. 

Aug 

Sept 

Oct 

Not 

Dec. 

AHIMAL8. 
Bliiaopoda, 

InftiBorla, 

CryptomoDM,      .       •       •       • 
Mallomonae,        .... 
Perldiolam, .       •       •       •       • 
TncheloinoDae,  .       •      •       . 

Vermea, 

CruBtaoea, 

0 

46 

0 

0 

2 

86 

0 

pr. 

0 

88 

70 
0 
0 
8 

0 

pr. 

0 

18 

1 
0 
0 
0 

0 

D 

0 

80 

18 
0 

4 
6 

8 

0 

0 

84 

2 
0 

.  1 

18 
pr. 

0 

8 

0 
0 
0 
2 

8 

0 

0 

0 

0 
0 
0 
0 

6 

0 

0 

66 

0 

0 

0 

60 

8 

0 

8 

164 

0 

108 

86 

20 

6 

0 

0 

88 

0 

0 

0 

02 

4 

pr. 

0 

86 

2 

4 

0 

18 

10 

pr. 

0 

8 

2 
0 
0 
1 

1 

D 
0 

JTiweltoiieoiM,  ZolSgloBS,  . 

10 

10 

10 

10 

10 

8 

6 

10 

10 

18 

10 

7 

TcTLU 

2,808 

196 

278 

4,666 

8,082 

176 

1,721 

2,616 

2,466 

060 

1,214 

808 

Chemical  Examination  of  Water  from  (JummingsviUe  Brook  and  Gardner's 

Brook  in  Wobum. 


[Parte 

per  100,000.] 

^ 

Appsabahob. 

RsaiDCB  CM 

£VAPOBA- 

now. 

AKMOHIA. 

1 
i 

1.22 
0.68 

NiTBOOBV 

Aa 

• 

a 
m 

1 
1 

M 

o 

^ 

«i 

^ 

1 

Lonon 
Ignition. 

i 

Albnminoid. 

• 

I 

i 

& 

& 

1 

S 

5^ 

i 

E 

3 

28110 
28U1 

Umj  10 
Umj  10 

y.allght. 

y.tught. 

Gone. 
Ckma. 

.60 
.00 

9.00 
6.26 

8.60 
1.86 

.0088 
.0010 

.0162 
.0140 

.0186 
.0120 

.0016 
.0020 

.2620 
.0780 

.0010 
.0001 

.47 
.48 

8.8 
2.6 

Odor  of  tbe  firet  aample,  fUaily  ▼egetable,  beooming  atronger  on  beating;  of  tbe  laat,  none,  be* 
eonlng  USntlj  Tegetable  on  beating.  — Tbe  aamplea  were  collected  from  brancbea  of  Pat  FoWlb 
Brook,  BO  ealled,  tbe  flnt  from  tbe  OammingariUe  braneb  and  tbe  laat  from  Oardner'a  Brook. 


Wateb  Supply  op  Woroestee. 

The  sources  of  supply  are  Lynde  and  Kettle  brooks  in  Leicester 
and  Tatnuck  Brook  in  Holden,  on  which  storage  reservoirs  have 
been  constructed.  Lynde  Brook  Reservoir  has  an  area  of  143 
acres,  a  maximum  depth  of  37.4  feet,  an  average  depth  of  14.6 
feet  and  a  capacity  of  681,000,000  gallons.     The  shores  of  the 
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reservoir  are  steep,  and  much  of  the  soil  has  been  removed  from 
the  bottom.  The  reservoir  is  fed  by  a  direct  water-shed  of  2.9 
square  miles,  which  contains  a  population  of  20  per  square  mile. 

The  water  of  Kettle  Brook  is  diverted  into  the  Lynde  Brook 
storage  reservoir.  The  brook  has  a  water-shed  at  the  point  of 
diversion  of  4  square  miles,  which  contains  a  population  of  50  per 
square  mile.  There  are  several  storage  reservoirs  on  the  brook 
above  the  point  of  diversion,  some  of  which  are  shallow  and  con- 
tain large  amounts  of  organic  matter. 

Tatnuck  Brook  storage  reservoir  has  an  area  of  149.5  acres,  an 
average  depth  of  15.2  feet  and  a  capacity  of  742,000,000  gallons. 
Its  drainage  area  of  4.6  square  miles  contains  a  population  of  16 
per  square  mile.  Water  from  Tatnuck  Brook  Reservoir  flows  to  a 
small  distributing  reservoir  on  the  brook  a  short  distance  below  the 
dam,  which  has  a  small  additional  water-shed.  ' 


Chemical  Examination  of  Water  from  Lynde  Brook  Storage  Reservoir^  <U  InUL 

[ParU  per  100,000.] 


« 

a 

Appxabahcb. 

Rbsidub  on 

SVAPOSA- 
TIOM. 

AXXOKXiu 

• 

.28 

NlTBOOBK 
AM 

s 

1 

s 

b 

3 

1 

1 

■ 

1 

§1 

r 

1 

AltnimlDold. 

1 

m 

1 

■i 

1 

i 

•  a 

ss. 

00 

i 
1 

21892 

1§»8. 

Jan.  18 

V.  alight. 

Blight. 

.40 

8.65 

1.35 

.0004 

.0102 

.0088 

.0014 

.0080 

1 
J 

.OOOl! 

.38 

22221 

Feb.  15 

V.alight. 

Cons. 

.41 

2.05 

1.20 

.0002 

.0122 

.0002 

.0030 

.21 

.0000 

.0000 

.88 

2S5M 

Mar.  15 

Slight. 

Cons. 

.40 

2.70 

1.15 

.0006 

.0124 

.0004 

.0080 

.14 

.0080 

.0000 

.88 

22803 

Apr.  10 

V.  slight. 

Slight. 

.48 

2.80 

1.20 

.0000 

.0112 

.0008 

.0014 

.18 

.0020 

.0000 

.46 

23180 

May  17 

V.  slight. 

Slight. 

.78 

3.50 

1.50 

.0010 

.0180 

.0162 

.0018 

.10 

.0080.0000- 

j          1 

.31 

23643 

Jone  14 

Slight. 

Cons. 

.08 

4.20 

2.05 

.0012 

.0282 

.0276 

.0006 

.14 

.0040^.0000 

.M 

23037 

Jaly  10 

Slight. 

Slight. 

.18 

2.75 

1.25 

.0012 

.0108 

.0148 

.0050 

.16 

.0030  .0000* '.S4 

24817 

Aug.  15 

V.sUght. 

Slight. 

.27 

2.00 

1.35 

.0080 

.0288 

.0182 

.0056 

.16 

.0020  .0001  .47 

247Q6 

Sept.  20 

None. 

None. 

.31 

4.60 

2.35 

.0010 

.0154 

.0148 

.0006 

.15 

.0000 

.0000  ;.48 

25087 

Oot.  18 

None. 

V.sUght. 

.57 

8.75 

1.60 

.0002 

.0156 

.0146 

.0010 

.21 

.0020 

.0000  .70 

25388 

Nov.  15 

V.slight. 

None. 

.84 

3.25 

1.20 

.0002 

.0084 

.0063 

.0002 

.18 

.0010  .oooo!  .u 

25744 

Dee.  21 

V.sllght. 

V.sllght. 

.28 
.45 

3.85 

1.20 

.0002 

.0062 

.0056 

.0006 
.0020 

.17 

.ouo 

.OOOl! 

.oooo! 

.» 

0.S 

Av... 

8.37 

1.45 

.0008 

.0151 

.0131 

.18 

.0040 

.46 

0.8 

Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  all  of  the  samples  became  vtfetaUe 
SQpietimes  mnsty. 
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Chemical  ExamincUion  of  Water  from  Lynde  Brook  Storage  Beservoir, 

[Partfl  per  100,000.] 


• 

1 
1 

APPSA&UrCB. 

RiCSIDUB  OH 

KVAPOBA- 

TION. 

AXMOXIA. 

* 

.32 

NiTSOOBM 

AS 

• 

0 

e 

6 

1 

s 

• 

« 

1 

• 

a 

r 

2 

Albaminold. 

1 

S 

• 

1 

*i 

1 

H 

i 

> 

Sus- 
pended. 

i 

S1888 

Jan.  18 

Slight. 

Slight. 

.66 

4.06 

2.16 

.0004 

.0210 

.0182 

.0028 

.0160 

.0002 

.61 

1.6 

Feb.  16 

y.  slight. 

None. 

.80 

2.96 

1.16 

.0084 

.0126 

.0120 

.0006 

.22 

.0140 

.0001 

.32 

0.8 

2SMT 

liar.  16 

Slight. 

None. 

.87 

2.90 

1.00 

.0012 

.0160 

.0132 

.0018 

.21 

.0040 

.0001 

.31 

0.8 

S28M 

Apr.  10 

SUgfat. 

Cons. 

.29 

8.06 

t 

1.00 

.0014 

.0098 

.0084 

.0014 

.20 

.0080 

.0001 

.81 

0.6 

83190 

May  17 

Slight. 

SUght. 

.80 

2.80 

0.96 

.0012 

.0142 

.0104 

.0088 

.20 

.0070 

.0000 

.81 

0.8 

S3M4 

June  14 

V.allgbt. 

y.sHght. 

.22 

8.06 

1.10 

.0014 

.0168 

.0182 

.0026 

.18 

.0080 

.0001 

.32 

0.8 

2S08S 

July  10 

V.tllght. 

y.  slight. 

.20 

2.76 

1.10 

.0022 

.0176 

.0164 

.0012 

.16 

.0050 

.0000 

.36 

0.5 

24S18 

Aog.16 

y.  slight. 

y.  slight. 

.20 

8.10 

1.46 

.0008 

.0174 

.0172 

.0002 

.22 

.0020 

.0003 

.36 

0.8 

94706 

Sept.  20 

y.  slight. 

y.sUght. 

.21 

8.26 

1.80 

.0010 

.0186 

.0162 

.0024 

.15 

.0000 

.0000 

.39 

0.8 

25088 

Oet.  18 

y.sHght. 

y.siight. 

.20 

8.10 

1.40 

.0002 

.0166 

.0148 

.0008 

.18 

.0010 

.0000 

.44 

0.8 

26884 

Not.  16 

y.  slight. 

y.sHght. 

.34 

8.66 

1.40 

.0046 

.0164 

.0142 

.0012 

.18 

1 

.0060 

.0000 

.46 

0.8 

2ft74A 

Dee.  21 

y.  slight. 

y.siight. 

.31 
.31 

8.40 

1.40 

.0028 
.0080 

.0138 
.0156 

.0136 
.0140 

.0002 
.0016 

.18 
.20 

.0060 
.0059 

.0001 
.0001 

.42 
.38 

0.6 

AT..J 

3.24 

1.82 

0.8 

1 

Odor,  generally  faintly  vegetable  or  none,  occasionally  musty.    On  heating,  the  odor  of  all  of  the 
samplea  became  diatinetly  vegetable  or  mnsty,  in  Kay  distinctly  oily,  and  in  September  distinctly  fishy. 

Microscopical  Examination  of  Water  from  Lynde  Brook  Storage  Beservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination,  . 
Number  of  aampte,    • 


1898. 


Jan. 


19 
21893 


Feb. 


16 
22222 


Mar. 


16 
22567 


Apr. 


20 
22894 


May. 


June. 


Jaly. 


Aug. 


Sept 


Oct 


18 
28190 


16 

28644 


20 
28988 


17 
24818 


24706 


20 

26088 


Nor. 


Dec. 


16 
25884 


23 
25746 


PLANTS. 
Di&toxnacecD,      .      •      .      . 

Cydotella, 

CyanopliyoeflOt  •      •      •     . 

AnabMsa, 

Xerlamop<0dla»    •       •       •       . 

▲IffflB* 

Baphldinm,  •       •       •       •       • 


10 

0 

4 

16 

17 

118 

8 

6 

10 

8 

48 

0 

0 

0 

0 

6 

90 

2 

2 

0 

1 

0 

0 

0 

0 

0 

0 

10 

0 

10 

13 

0 

5 

0 

0 

0 

0 

0 

4 

0 

8 

0 

0 

6 

0 

0 

0 

0 

0 

4 

0 

7 

18 

6 

0 

0 

0 

0 

0 

8 

112 

6 

83 

40 

10 

6 

0 

0 

0 

0 

0 

102 

0 

11 

40 

9 

0 

4 

0 


0 
0 


0 
0 
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WORCESTER. 

Microscopical  Examination  of  Water  from  Lynde  Brook  Storage  ReHrwjir- 

Concluded. 

[Nomber  of  orguilNBi  per  onbio  oeotlmeter.] 


180S* 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jolj. 

Ang. 

Sept. 

Oct 

Not. 

Dec 

AmMALS. 

BhlBopoda, 

0 

0 

0 

0 

0 

2 

0 

0 

1 

Infusoria, 

1 

It 

21 

IS 

IT 

2 

IB 

$1 

18 

Dlnobryon,  •       •       •      •       . 

0 

18 

16 

28 

14 

0 

16 

W 

VermeB, 

0 

0 

•'' 

0 

0 

1 

1 

0 

0 

Jf<«e«/ton«nM,  ZoSgloaa,  .      •       • 

10 

% 

8 

8 

8 

8 

8 

8 

Total, 

21 

81 

20 

44 

272 

82 

M 

82 

88 

68 

28 

Chemical  Examination  of  Water  from  Kent  Reiervoir  on  Kettle  Brook  in  Leioeiter. 

[Parte  per  100,000.] 


J 


21806 
22224 
22600 
22806 
28102 
28648 
28041 
24820 
24700 
26000 
26388 
26747 


At. 


I 
I 

a 

I 


18M. 

Jan.  18 

Feb.  16 
Mar.  16 
Apr.  10 
May  17 
June  14 
July  10 
Aug.  16 
Sept.  20 
Got.  18 
Not.  16 
Dee.  21 


APRABAirCB. 


6 

s 


i 

a 


V.ellght. 

Slight. 

Deoided. 

Blight. 

Slight. 

SHght. 

Slight. 

Slight. 

Slight. 

SUght. 

y.  alight. 

V.ettght. 


V.alight. 

V.aUght. 

V.  alight 

Ciona. 

Slight. 

SUght. 

Blight. 

BH«ht. 

Gone. 

Slight. 

V.eUght. 

V.elight. 


.46 
.40 
.88 
.80 
.88 
.86 
.28 
.86 
.88 
.84 
86 
.41 


.86 


RaeiDDB  ov 

SVAPOaA- 

nox. 


8.66 
2.70 
2.00 
2.60 
2.80 
2.60 
8.80 
8.20 
8.76 
8.86 
8.76 
8.86 


8.20 


1.66 
1.20 
1.80 
0.06 
1.20 
1.00 
1.80 
1.60 
1.00 
1.66 
1.86 
1.46 


1.40 


AmconA. 


.0026 
.0026 
.0018 
.0000 


Albnmiooid. 


1 
I 

Q 


.0144 
.0180 
.0106 
.0100 


.0006  .0168 


.0014 
.0010 
.0008 
.0018 
.0006 
.0004 
.0014 


.0012 


.0212 
.0220 
.0214 
.0280 
.0106 
.0184 
.0168 


.0126 
.0166 
.0082 
.0068 

.0188 
.0174 
.0182 
.0174 

0284 
.0166 
.0112 

0164 


.01T6  .0180 


1 


i 

00 


.0018 
.0014 
.0026 
.0012 
.0024 
.0088 


.0040 
.0046 
.0028 
.0022 
.0004 


.18 
.14 
.14 
.18 
.16 
.18 
.18 
.16 
.17 
.18 
.16 


.16 


Smtoamm 


i 

I 


.0140 
.0070 
.0060 
.0080 
.0030 
.0020 
.0000 
.0020 
.0000 
.0010 
.0040 
.0000 


.0042 


i 

S 


7 

a 

e 

I 


.     M 

,  o 


.0001 
.0000 

.0001 
.0001 
.0000 


.0000 
.0001 
.0000 


00001 

.0001 


.0001 


.46 


.41 
.40 
.82 
.61 


.46 


1 


1.4 
0.6 
1.1 
0.6 
0.8 
0.8 
0.8 
0.8 
1.0 
0.8 
0.8 
0.6 


0.8 


Odor,  generally  none,  eometlmes  mnaty.   On  heating,  the  odor  of  moat  of  the  aamplee 
table  or  mnaty,  and  in  September  aleo  flahy. 
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WOBCESTEB. 

Mieraseopical  Examinalion  of  Water  from  Kent  Reservoir  on  Kettle  Brook  in 

Leieeeter, 

[Kmnber  of  orgaoisma  p«r  eablo  eenUmetor.] 


1898. 

Jao. 

Feb. 

Mtf. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept 

Oet 

Vow, 

Dec 

Day  of  ezAmimtloo,  •       •       •       • 

19 

16 

16 

20 

18 

16 

20 

17 

22 

20 

16 

28 

Number  of  MUDpla,    •       •       •       . 

• 

nsoft 

222S4 

22S60 

2S8M 

28102 

28648 

28041 

2482024700 

26090 

2688826747 

PLAXIT8. 

DiatomaoMO,      .      •      •     . 

6 

4 

6 

1M 

no 

862 

81 

88 

218 

244 

118 

19 

Aaterionella,        .       •       •       . 

lloloslrm, 

ByiMdra, 

8 

0 
0 

8 

0 

1 

2 
0 

a 

7 

86 
74 

8 
106 
116 

8 

78 
260 

0 
28 
14 

0 
48 
86 

20 

168 

14 

60 

180 

8 

2 

40 
68 

9 

0 

17 

Cyanophyoen*  •      •      •      • 

0 

0 

0 

0 

0 

0 

1 

D 

8 

0 

0 

0 

AlffSB, 

0 

0 

0 

4 

8 

11 

8 

88 

18 

18 

$ 

0 

AKIMAL8. 

Bhisopoda,  •      •      .      •      . 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

8 

0 

Inftaisoxiay 

1 

1 

4 

80 

8 

88 

8 

60 

1,628 

91 

4 

8 

IHnobryoo,  •       •       •       •       • 
Perldlniam, .       •      •       •       . 

0 

1 

0 

1 

8 

0 

28 
6 

1 
8 

28 
10 

0 
0 

44 

0 

1,600 
24 

86 

4 

4 
0 

1 

2 

▼armes, 

0 

0 

0 

0 

1 

8 

1 

4 

0 

0 

0 

0 

Oroatacea,  Cyelopa,    . 

0 

0 

0 

0 

0 

D 

pr. 

0 

0 

0 

0 

irife«ltefMO««,  ZoOgkBft,  . 

0 

8 

0 

6 

6 

16 

8 

10 

12 

18 

10 

6 

TaTAL. 

9 

8 

10 

IM 

267 

422 

82 

218 

1»702 

zn 

186 

84 
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WORCESTER. 

Chemical  Examination  of  Waler  firom  Bottomly  Pond,  on  KeiUe  Brooke  PaxUm. 

[Parts  per  100,000.] 


• 

i 

ArPBABAVOB. 

RasiDUB  ox 

KVAPOBA- 

noir. 

AmcoBiA. 

S 
.28 

NiTBOGBB  , 

AS 

1 

s 

« 

1 

1 

s 

1 

r 

1 

Albuminoid.  | 

s 

i 

I 

El 
to 

I 

■i 
1 

i 

a 

QD 

i 

m 

a 

S18M 

Jan.  18 

Blight. 

V.aUght. 

.50 

8.60 

1.75 

.0028 

.0182 

.0176 

.0006 

.0120 

.0001 

.60 

1.4 

S2228 

F«b.  15 

Blight. 

V.sUght. 

.51 

8.80 

1.40 

.0040 

.0180 

.0170 

.0010 

.20 

.0180 

.0000 

.60 

1.0 

22508 

Mar.  15 

Blight. 

V.aUght. 

.00 

2.45 

1.00 

.0022 

.0056 

.0064 

.0002 

.07 

.0800 

.0000 

.18 

0.8 

22806 

Apr.  10 

BUght. 

Cooa. 

.40 

2.55 

1.10 

.0000 

.0148 

.0108 

.0040 

.18 

.0060 

.oooa 

.80 

0.8 

28101 

May  17 

Slight. 

Gone. 

.40 

2.60 

l.U 

.0008 

.0180 

.0184 

.0046 

.16 

.0020 

.OOOM 

.42 

0.8 

28547 

Jnne  14 

Blight. 

Blight. 

.48 

2.05 

1.15 

.0008 

.0210 

.0192 

.0028 

.18 

.0000 

.0000 

.47 

0.8 

28080 

Jnly  10 

Blight. 

Blight. 

.80 

2.55 

1.25 

.0006 

.0246 

.0216 

.0080 

.16 

.0010 

.0006! 

1 

.44 

0.6 

24810 

Aug.  15 

V.  alight. 

Blight. 

.80 

2.60 

1.10 

.0004 

.0288 

.0186 

.0062 

.14 

.0020 

.0000 

.46 

0.6 

24708 

Sept.  20 

Slight. 

Cona. 

.48 

8.60 

2.10 

.0004 

.0604 

.0246 

.0058 

.10 

.0020 

.oooo| 

.66 

0.6 

25080 

Oot.  18 

V.sUght. 

V.aUght. 

.40 

8.25 

1.50 

.0002 

.0262 

.0220 

.0042 

.12 

.0010 

1 

.0000 

.78 

0.8 

25887 

Nov.  15 

V.sHght. 

V.aUght. 

.46 

8.60 

1.60 

.0010 

.0212 

.0178 

.0084 

.14 

.0010 

.0000 

.68 

0.8 

25746 

Dee.  21 

V.  slight. 

V.aUght. 

.50 
.40 

8.80 

1.70 

.0016 

.0214 

.0102 

.0022 
.0031 

.16 
.14 

.0060 

.0002 

.70 

0.8 

Av. . . 

8.07 

1.40 

.0012 

.0208 

.0172 

.0116 

1 

.0001 

.51 

0.8 

Odor,  generally  vegetable  or  none,  sometimes  masty  or  mouldy.    On  heating,  the  odor  of  most  of 
the  samples  beoame  vegetable  and  oeoaaionally  maaty,  and  in  September  also  Ashy. 

Microsccpical  Examination  of  Water  from  Bottomly  Pond^  on  Kettle  Brooke  Poxto. 

[Number  of  organisms  per  enbie  eentimeter.] 


180S. 


Jan. 


Fsb. 


Mar. 


Apr. 


May. 


Jane. 


Joly. 


Aug. 


Sept. 


Oet 


Nov. 


Dta 


Day  of  examination,  •       •       •       . 
Number  of  sample,    .       •       •       • 

PLANTS. 

Dlatomaoeao*      •      .      •      . 

Aaterlonellaf        .       •       .       . 

Oyelotelia, 

Melosira, 

Bvnedra,       •       •       •       .       . 
TabeUarla, 

OyanophyoeoB,  •      •      •      • 
Anab«na»    •      .      •      •      • 

AlffOd, 

Baphidlnm, 


10 


16 


21804  22228 


16 
22568 


20 
22805 


18 


16 


28101  23647 


20 


17 


23086124810  24T08 

I 


90 


16 


26000  26887126748 

I 


46 

M 

121 

ire 

126 

srs 

804 

864 

106 

tn 

m 

46 
0 
0 
0 
0 

26 

0 
0 
8 
0 

6 
0 
0 
108 
8 

62 

8 
88 
76 

0 

186 

6 

104 

76 

88 

11 

85 

204 

1 

100 

62 

42 

6 

U 

232 

100 

0 

18 

4 

90 
160 

210 

80 

10 

60 

8 

164 

104 
10 

280 
18 

0 

0 

0 

0 

0 

0 

88 

10 

2 

8 

0 

0 

0 

0 

0* 

0 

68 

0 

0 

0 

12 

1 

0 

12 

8 

10 

44 

12 

to 

14 

0 

0 

0 

8 

8 

6 

8 

8 

10 

8 

6 

0 

0 

21 

0 


6 

0 

t 

0 
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Mieroacopieal  EosamituUion  of  Water  from  BoUomly  Pond,  on  KeltU  Brook,  Faxton — 

Concluded. 

[Number  of  organltms  per  cable  centimeter.] 


ises. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

ANIMALS. 

Inftiaorla, 

6 

2 

1 

4M 

27 

18 

17 

48 

828 

884 

80 

18 

IMoobryoB,  ..... 
Perldinlnm, ..... 

0 
5 

1 
0 

0 
1 

414 

8 

12 
0 

0 
17 

1 
14 

8 
80 

824 
2 

824 
8 

86 

4 

16 
1 

Vermes 

2 

0 

0 

4 

2 

4 

1 

8 

2 

4 

2 

0 

Cmetacea, 

0 

0 

0 

0 

pr. 

0 

0 

0 

pr. 

pr. 

0 

0 

Oyelope, 

DapfajBia, 

0 
0 

0 
0 

0 
0 

0 
0 

pr. 
pr. 

0 
0 

0 
0 

0 

0 

^'6 

^••o 

0 
0 

0 
0 

Jfi«c«/ten«w«,  ZoSglcea,   . 

3 

6 

6 

8 

8 

8 

6 

10 

10 

6 

10 

8 

Total. 

flO 

42 

127 

684 

872 

418 

887 

680 

1,068 

687 

606 

40 

Chemical  Examination  of  Water  from  Tatnuck  Brook  Storage  Beservoir,  at  Inlet. 

[ParU  per  100,000.] 


21800 
S2210 


28187 


2ai8 

24768 


26742 


At. 


a 

I 


ises. 

Jan.  18 
Feb.  U 
Mar.  1ft 
Apr.  19 
May  17 
Jose  14 
Jaly  10 
Aug.  16 
Sept.  20 
Oct.  18 
Not.  16 
Dae.  21 


AfFBAlAKCe. 


t 


6 

a 

1 


V.  slight 

V.slight 

V.sllght. 

None. 

V.aUgbt. 

BUght. 

Slight. 

Blight. 

Blight. 

V.allght. 

V.eUght. 

V.ellght. 


None. 

V.sllght. 

None. 

V.sUght. 

Cons. 

Slight. 

Blight. 

BHght. 

Slight. 

V-sUght 

V.sUght. 

V.sUght. 


.41 
.47 
.86 
.18 
.80 
.48 
.10 
.20 
.10 
.19 
.10 
.10 


.27 


Rkbidub  um 

EVAPOBA- 

TIOM. 

1 

1 

r 

2.00 

1.26 

2.46 

1.26 

2.20 

1.00 

2.00 

0.60 

2.00 

0.90 

2.86 

1.80 

2.06 

0.80 

1.00 

0.90  1 

1 

2.76 

1.60  1 

2.80 

0.80 

2.66 

1.00  1 

2.40 

1.10  ! 

2.87 

1.08 

AXMOHIA. 


Albuminoid. 

1 

• 

1 

1 

1 

00 

.0002 
.0000 
.0006 
.0000 
.0004 
.0082 
.0010 
.0006 
.0010 
.0009 
.0000 
.0002 

.0006 


.0008 
.0084 
.0090 
.0064 
.0162 
.0214 
.0174 
.0172 
.0192 
.0128 
.0062 
.0026 

.0120 


.0088 
.0072 
.0074 
.0042 
.0182 
.0174 
.0186 
.0164 


.0114 
.0046 
.0024 

.0100 


.0010 
.0012 
.0016 
.0012 
.0020 
.0040 
.0088 
.0018 


.0146  .0046 


.0014 
.0006 
.0002 


.0020 


6 
1 


.28 
.28 
.14 
.16 
.19 
.14 
.16 
.16 
.18 
.18 
.17 
.16 


.17 


NiTBOona 

• 

AS 

a 

0 

e 

8 

9 

il 

e 

s 

• 

a 

1 

£ 

9i 

^ 

o 

.0080 
.0080 
.0020 
.0070 
.0000 
.0010 
.0010 
.0010 
.0000 
.0010 
.0010 
.0040 


.0000 
.0000 
.0000| 
.0000 
.0000 

I 

.OOOOi 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


.0028.0000 


.89 
.86 
.82 
.28 
.26 
.61 
.80 
.84 
.86 
.88 
.84 
.16 


.82 


B 


1.1 
0.2 
O.ft 
0.6 
0.6 
0.8 
0.2 
0.6 
0.6 
0.6 
0.6 
0.8 


0.6 


Odor,  geoerally  none,  sometimes  faintly  TegeUble.    On  heating,  the  odor  of  most  of  the  samples 
becaoM  Tagecable,  and  in  September  also  flshy. 
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WORCBSTEB. 

Chemical  Examination  of  Water  from  Tatnuck  Brook  Storage  Beservoir, 

[PMti  per  100,000.] 


■ 

s 

ArPBABAVOB. 

Rbsxdub  oh 

£VAPOBA- 

noB. 

Ammobia. 

1 
.21 

NiTBOOBX 

Aa 

1 

B 
B 

1 

«i 

1 

1 

Lou  on 
ignition. 

1 

Albnmlnoid. 

^ 

i 

5 
S 

a 

a 
59 

1 

•1 

1 

21S91 

18M. 

Jan.  18 

V.  alight. 

None. 

.86 

S.60 

1.00 

.0004 

.0188 

.0U8 

.0014 

.0030 

.0001 

.88 

9.8 

2-2220 

Feb.  15 

V.  alight 

None. 

.26 

3.86 

1.10 

.0010 

.0088 

.0076 

.oorJ 

.18 

.0060 

.0000 

.34 

0.S 

22565 

Mar.  15 

V.  Blight. 

V.aUght. 

.SS 

1.96 

0.75 

.0004 

.0064 

.0070 

.0014 

.14 

.0000 

.0000 

.SB 

w«B 

22892 

Apr.  10 

Slight. 

Slight. 

.17 

1.86 

0.66 

.0000 

.0062 

.0062 

.0030 

.17 

.0080 

.0000 

;.ss 

0.6 

231(»8 

May  17 

Slight. 

SUght. 

.SO 

S.OO 

0.86 

.0004 

.0150 

.0118 

.0088 

.17 

.0000 

.0000 

.24 

V*9 

23-46 

Jane  14 

Slight. 

V.aUght. 

.81 

8.40 

1.00 

.0018 

.0150 

.0118 

.0082 

.16 

.0080 

.0000 

.89 

UeD 

23940 

Jaly  10 

V.  alight. 

SUght. 

.17 

3.06 

1.10 

.0018 

.0164 

.0146 

.0018 

.16 

.0010 

.0001 

.88 

V«3 

24316 

Aug.  15 

Slight. 

Slight. 

.10 

1.80 

0.76 

.0006 

.0306 

.0168 

.0088 

.16 

.0030 

.0000 

.0000 

.84 

V«# 

217M 

Sept.  SO 

SUght. 

Slight. 

.19 

2.70 

1.40 

.0006 

.0308 

.0164 

.0048 '.14 

.0000 

.84 

V*  V 

25086 

Oot.  18 

V.  alight. 

SUght. 

.19 

S.06 

0.90 

.0004 

.0198 

.0168 

.0046 

.17 

.0030 

.0000 

.89 

v*v 

25380 

Not.  1ft 

V.  alight. 

Blight. 

.S6 

3.60 

1.00 

.0004 

.0148 

.0134 

.0024 

.15 

.0010 

.0000 

.84 

0.6 

25743 

Deo.  21 

V.  alight. 

V.aUght. 

.28 
.S3 

3.66 

1.00 

.0000 
.0006 

.0068 

.0068 

.0020 
.0027 

.17 
.16 

.0060 

.0002 

.84 

1 

■- 

0.S 

Av... 

3.S4 

0.96 

.0141 

.0114 

.0030 

.0000 

0.8 

Odor,  f reqnently  none,  oooaatonaUy  faintly  vegetable.   On  heeting,  the  odor  beeaoM  vegetable,  aiDd 
in  September  and  Deeember  flahy. 

Microscopical  Examination  of  Water  from  Tatnuck  Brook  Storage  Beservoir. 

[Number  of  organiama  per  oablo  oentlmeter.] 


18M. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Joly. 

Ang. 

Sept. 

Get. 

Sot. 

Dec 

Day  of  ezamlnationt  .... 

19 

16 

16 

90 

18 

16 

90 

17 

88 

90 

16 

88 

Number  of  aample,    .       •       •       . 

31891 

33890 

82566 

82892 

28188 

28646 

28940 

24816 

84704 

86066 

85886 

86748 

PLANTS. 

Diatomaoen 

0 

1 

19 

14 

1,919 

61 

88 

164 

480 

1,898 

441 

t 

Aaterionella,        •       •       •       . 

Meloaira, 

Synedra,      ..... 
Tabellaria, 

0 
0 
0 
0 

0 
0 
0 

1 

0 
8 
6 
7 

0 
0 

1 

4 

40 

862 

8 

118 

6 

0 
10 
16 

S8 

11 

8 

86 

118 
0 
6 

84 

S08 
18 

180 
88 

104 

1,816 

46 

SO 

6 
816 

84 

9 
0 
1 
0 

Oyanophyoen,  .      .      •      • 

9 

9 

9 

9 

1 

5 

8 

16 

10 

S 

6 

9 

AnabMBBt 

0 

0 

0 

0 

1 

6 

6 

14 

8 

0 

0 

9 

AlffCB, 

9 

0 

9 

9 

9 

19 

ft 

4 

8 

i      1 

H    14      • 

1        1 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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Microscopical  Examination  of  Water  from  Tatntick  Brook  Storage  Beservoir 

Ck)Qcliided. 

[Namb«r  of  organicms  per  eublo  eentlmetor.] 


ises. 

Jan. 

Feb. 

Mar. 

Apr. 

Mey. 

Jane. 

July. 

Aof. 

Sept 

Oet 

Not. 

Deo. 

AimCALS. 

Bhiaopoda* 

0 

0 

0 

0 

0. 

1 

0 

0 

6 

6 

0 

tntxxBoriWkt 

2 

0 

66 

16 

17 

46 

176 

M 

16 

84 

DlDobryoD,  •       .       •       •       • 
PeridlDram, 

0 

a 

0 
0 

0 
0 

81 

20 

1 
7 

16 
1 

88 
6 

148 
18 

0 
22 

0 
14 

70 
16 

Vermes,  .••••. 

0 

0 

1 

1 

0 

2 

4 

4 

0 

6 

0 

Oraatacea, 

0 

0 

0 

0 

0 

0 

0 

pr. 

6 

pr. 

0 

jntetllcnMOM,  Zo5gIaBa,  . 

3 

0 

t 

6 

t 

6 

6 

8 

6 

6 

t 

TOTAXt 

5 

1 

28 

17 

1,001 

04 

100 

260 

680 

1,447 

481 

100 

The  advice  of  the  State  Board  of  Health  to  the  Cartis  Manu- 
faoturing  Company  of  Worcester,  relative  to  the  use  of  Curtis 
Pond  in  that  city  as  a  source  of  ice  supply  for  domestic  purposes, 
may  be  found  on  pages  127  and  128  of  this  volume.  The  results 
of  a  chemical  analysis  of  a  sample  of  water  collected  from  the  pond 
are  given  in  the  following  table :  — 


Chemical  Examination  of  Water  from  Curtis  Pond  in  Worcester, 

[Parte  per  100,000.] 


i 


3 
I 


Aptxasahcs. 


«2 

B 

i 


Slight. 


V.  alight. 


.50 


KaaiDus  ow 
Etaposa- 

TIOM. 


^ 


g 


I 


I 


4.10 


1.60 


Amosu. 


i 


.0014 


Albuminoid. 


e 


«    I      1 


.0180 


.0144 


.0086 


9 

e 

I 


NxnoasH 

Aa 


■ 

S 


I 

s 


.0080 


.0001 


I 


i 


1.0 


Odor*  Ttary  fUntly  Tegetable, 


EXAMINATION  OF  RIVERS. 


[881] 


EXAMINATION  OF  EIVEES. 


Regular  monthly  examinations  have  been  made  during  the  year 
1898  of  the  waters  of  the  Assabet,  Blackstone,  Charles,  Hoosac, 
Housatonic,  Merrimack,  Miller's,  Nashua,  Neponset,  Saugus,  Sud- 
bury, Taunton  and  Ware  rivers,  and  occasional  examinations  of 
other  rivers  in  the  State.  Most  of  the  results  of  these  examina- 
tions will  be  found  arranged  alphabetically  by  rivers  in  the  pages 
which  follow,  but  some  of  them  are  given  on  preceding  pages  in 
connection  with  the  examinations  of  water  supplies  under  the  names 
of  ihe  towns  where  the  samples  were  collected,  as  follows :  — 

FAOB 

Merrimack  at  Lowell,       •••••••••  248 

Merrimack  at  Lawrence,  ••..•...•  233 

Saugus  at  Saugns, •       •        •       .  260 

Sudbniy  at  Fiaminghamy .       •       • 156 

The  flow  of  the  streams  during  the  summer  months  was  very  high, 
and  consequently  the  quality  of  the  water  of  the  sewage-polluted 
rivers  was  niuch  better  than  it  would  be  in  an  ordinary  season. 

ASSABET  ErVER. 

The  Westborough  sewage  filtration  area  is  situated  on  the  banks 
of  this  river  above  Northborough,  and  owing  to  faulty  construction 
of  sewers  and  filter-beds  a  considerable  quantity  of  sewage  has  been 
discharged  into  the  stream.  The  river  also  receives  sewage  and 
manufacturing  wastes  directly  or  indirectly  from  the  towns  of 
Hudson  and  Maynard,  through  which  it  passes. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  North- 
borough  relative  to  the  pollution  of  the  Assabet  Eiver  by  the  dis- 
cbarge into  it  of  unpurified  sewage  from  the  Westborough  sewage 
disposal  works  may  be  found  on  pages  119  and  120  of  this  volume. 
A  communication  from  the  State  Board  of  Health  to  the  town  of 
Westborough  relative  to  the  discharge  of  unpurified  sewage  into 
the  river  may  be  found  on  pages  120  and  121  of  this  volume. 
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ASSABET  BIVSB. 

Chemical  ExamincUion  of  Water  from  Assabet  River^  below  the  Sewage  FUtratton 

Area  at  Westborough. 

[Pttrts  per  100,000.] 


u 

a 

a 

in 


21807 
22iM 

22rt05 

236-il 
239S3 
24378 
24748 
25108 
25224 
2)429 
25717 


Av.*. 


I 

o 

9 


1898. 

Jan.  18 
Feb.  18  ' 
Mar.  18  { 
Apr.  18  I 
May  19  1 
jQOe  20  ' 
July  18 
Auk.  18 
d«pi.  22 
Oct.   18 
Nov.    1 
Nov.  18 
Dec.  20 


Appbarancb. 


I 


V.  slight. 
V.  slight. 
V.  slight. 
V.sllght. 
V.  Blight. 
Blight. 
Slight, 
y  slight. 
Slight. 
None. 
V.sllght. 
V.sllifbt. 
V.  slight. 


V.sllght. 

None. 

V.sllght. 

V.sllght. 

V.  slight. 

V  slight. 

Cons. 

V.sllght. 

Slight. 

V.sllght. 

None. 

V.sllght. 

Blight. 


0.87 
0.90 
0.70 
0.90 
l.SO* 
0.80 
0.60- 
1.50| 
0.52 
1.62 
1.06 
0.95 
0.68 


0.93 


Rksidck  oh 

EVAPOSA- 
TICK. 


& 


6 
O 


§1 


I 


4.60 
4.10 
2.05 
8.85 
4.46 
4.70 
4.75 
6.50 
5.60 
6.65 
5.76 
5.00 
6.05 


4.88 


2.00 
2.00 
1.45 
1.70 
2.35 
2.55 
2.00 
8.70 
2.40 
8.75 
2.75 
2.60 
1.85 


2.87 


Amxcvxa. 


I 


Albuminoid. 


I 


.0010 
.0006 
.0000 
.0002' 
.0016 
.0010 
.0026, 
.0070 

.0008; 

.0004 
.0012 
.OOU 
.0134 


.0026 


.0200 
.0210 
.0188 
.0240 
.«)26 
.0302 
.0812 
.0538 
.0318 
.0358 
.0286 
.0234 
.0158 


.0284 


I 
1 


.0188 
.0204 
.0160 
.0228 
.0304 
.0294 
.0286 
.0490 
.0276 
.0360 
.0276 
.0222 
.0148 


.0266 


si 


.0012 
.0006 
.0028 
.0012 
.0022 
.0008 
.0026 
.00481 
.0042 
.0008 
.0010 
.0012 
.0010 


.0019 


.34 
.27 
.23 
.26 
.82 
.23 
.81 
.26 
.43 
.88 
.84 
.24 
.81 


.80 


NiTIOOBV 

AS 


.0080 
.0030 
.0000 
.0020 
.0000 
.0010 
.0000 
.0020 
.0010 
.0020 
.0010 
.0020 
.0090! 


8 

B 


I 

I 

s 
& 

N 

o 


.0020 


.0000  0. 
.0000  0. 
.0000  0. 
.0000  0. 
.0000  1. 
.000010. 

.oooi'o. 

.0001 
.0001 
.0000 

.0000 
.0000 
.0004 


n 

70 
64 


— i 

.0001- 

I 


1. 

0. 

1. 
1. 
1. 

0. 


2.1 

1.1 

1.0 
1.8 
1.8 
82!  1.8 
7U|  1.3 
69t  1.6 
67   1.6 


31] 

2S 


M 
44 

U8 

62 


0.08 


1.6 
1.4 
1.4 
1.6 


1.5 


*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 

been  used  in  making  the  ave'rage. 

.  »  *  .  ■  f  •  • 

Odor,  generally  faintly  vegetable,  sometlroos  faintly  mnsty,  becoming  stronger  on  beating. The 

samples  were  collected  from  the  rfver  at*the  bridge  on  Belmont  Street,  about  1,000  feel  below  the  filter, 
beds  of  the  town  of  Westborough. 


Chemical  Examination  of  Water  from  Assabet  River ^  below  Hudson. 

[Parts  per  100,000.] 


Rbsidub  or 

• 

SS 

• 

1 

i 

APPBAKAKCa. 

JSVAPOBA- 

Tioir. 

AmroviA. 

NlTBOOBV 
AS 

1 

• 

t 

1 

i: 

on 
gnition. 

Albuminoid. 

1 

1 

i 

s 
e 

i 

,.4 

1 

% 

1 

8 

a 

s 

1 

i 

1 

H 

r 

1 

1 

1 

s**- 

i 

1808. 

1 

1 

21866 

Jan.  17 

Slight. 

Slight. 

0.60 

4.80 

2.05 

.0086  .0224  .0186 

.0088 

.62 

.0140 

.0002  0.57 

22106 

Feb.  14 

Slight. 

Slight. 

0.61     4.20 

1.76 

.0032  .0180  .0164 

.0016,!.86  1 

.0140 

.0001  0.48 

tlhll 

Mar.  16 

Slight. 

Slight. 

0.60|.  8.66 

1.66 

.0014.0206.0200 

.0006,  .36  !  .0040 

.0001  0.6« 

2:n81 

May  17 

Decided. 

Coos. 

0.86!,  6.10 

2.10 

.0122.0412.0368 

.0054  .61  •  .0070 

.0001  0.78 

23506 

June  13 

Slight. 

Cons. 

1. 10 

6.26 

2.40 

.0070.0388.0206 

.0042!  .88  1 

.0090 

.0003  0.76 

2:i926 

July  19 

Decided. 

Heavy. 

0.66 

6.75 

2.80 

.0132 

.0402  .0324;. 0078;  .47 

.0080 

.0U06  0.67 

24288 

Aug.  16 

V.sllght. 

Coos 

1.20 

6.10 

8.26 

.0068 

.0500  .0466:. 00841  .80 

.0020 

.0002  1.41 

24670 

Sept.  19 

Slight. 

Slight. 

0.46 

6.26 

2.00 

.0098 

.0266  .0220'. 0046J  .88 

.0160 

.0006  0.60)  1.6 
.0002  0.9^  1.4 

25041 

Oct.   17 

V.sllght. 

Blight. 

0.76 

6.46 

2.86 

.0010 

.0306 

.0262. 00441. 61  1 

.0060 

'IhAXh 

Nov.  17 

Slight. 

V.sllght. 

0.66 

4.85 

2.00 

.wm 

.0196 

.0176;. 0020,  .42  ;  .0080 

.0002  0.79'  1.4 

2.i6J9 

Dee.  18 

Slight. 

Cons. 

0.41 
0.70 

4.20 

1.70 

.0010 

.0166 

.0140 

.0016 

.32 

] 

.42 

.0280 

.0001 
.0021 

0.54'  1.1 

1 

Av... 

5.05 

2.14 

.0068 

.0200 

.0264 

.0066 

.0001 

0.74   1.1 

Odor,  faintly  vegetable  or  musty,  sometimes  none.  On  beating,  the  odor  of  ail  of  the  aamples  was 
vegetable  or  musty  and  sometimes  unpleasant.  — —  The  samples  were  eollected  from  the  river  at  the 
O'Neii  bridge,  so  called,  about  a  mile  below  the  village  of  Hadsoo. 
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Chemical  Examinaiion  of  Water  from  Aasabet  River,  beloto  Maynard. 

[PUU  par  100,000.] 


BseiDUS  ON 

Appkarahcb. 

BVAP0B4- 

Ammonia. 

NXTBOOSK 

■i 

nov. 

• 

AS 

i 

« 
1 

• 

s 

g 

mi 

1 
§1 

Albnminoid. 

1 

i 

c 

« 

1 

1 

• 

9 

1 

1 

1 

s 

H 

f 

1 

1 

1 

eo 

s 

i 

B 

s 

1 

1S9S. 

2188& 

Jan.  18 

Decided. 

Gone. 

0.60 

4.80 

2.00 

.0022 

.0200 

.0220 

.0070 

.41 

.0140 

.0002 

0.62 

2.1 

22560 

Mar.  15 

Decided. 

CSoos. 

0.05 

8.26 

1.40 

.0010 

.0210 

.0188 

.0022 

.26 

.0020 

.0000 

0.68 

0.8 

22890 

Apr.  19 

Decided. 

OOQS. 

0.72 

4.20 

1.90 

.0006 

.0280 

.0260 

.0080 

.86 

.0080 

.0001 

0.72 

1.1 

28180 

May  17 

Decided. 

Cone. 

0.02 

4.05 

2.45 

.0066 

.0880 

.0814 

.0066] 

.44 

.0060 

.0001 

0.78 

1.4 

2aM4 

Jnne  22 

Decided. 

Cone. 

0.82 

6.40 

2.76 

.0010 

.0476 

.0828 

.0148 

.47 

.0020 

.0004 

0.82 

1.7 

23923 

July  10 

Decided. 

Cons. 

0.40 

6.80 

2.86 

.0012 

.0612 

.0866 

.0166 

.66 

.0010 

.0004 

0.66 

1.4 

24810 

Aug.  10 

Slight. 

Blight. 

1.20 

6.20 

8.26 

.00301.0406 

.0366 

.0040 

.80 

.0070 

.0002 

1.88 

1.4 

24717 

8«pt.2l 

Decided. 

Cone. 

0.66 

6.75 

2.80 

.0062 

.0476 

.0840 

.0186 

.47 

.0010 

.0006 

0.83 

1.6 

25058 

Oct.   18 

V.Blight. 

Slight. 

0.78 

6.86 

2.46 

.0006 

.0270 

.0242 

.0028 

.47 

.0060 

.0002 

0.93 

1.8 

25428 

Not.  18 

V.sUght. 
Decided. 

V.  alight. 

0.70 

4.60 

1.06 

.0010 

.0182 

.0176 

.0006 

.82 

.0020 

.0002 

0.76 

1.1 

25091 

Dec.  90 

Blight. 

0.40 

6.00 

1.76 

.0004 

.0178 

.0188 

.0040 
.0068 

.32 
.40 

.0180 
.0060 

.0008 
.0002 

0.56 
0.78 

1.8 

At... 

0.73 

6.26 

2.28 

.0021 

.0883 

.0266 

1.4 

Odor,  mnety  and  ■ometlmee  nnpleaeaot  or  dieagreeable,  becoming  stronger  on  heating, 
umplee  were  eollected  from  the  rlTcr,  near  the  works  of  the  American  Powder  Company. 


The 


Blackstone  River. 

The  regular  monthly  examinations  of  the  water  of  the  Blackstone 
River  have  been  continued  as  in  previous  years  and  the  results  are 
firiven  in  the  tables  which  follow.  The  first  of  the  tables  is  taken 
from  the  report  of  the  superintendent  of  sewers  of  the  city  of 
Worcester  for  the  year  ending  Nov.  30,  1898,  and  contains  the 
monthly  averages  of  analyses,  made  by  the  city,  of  samples  of  sew- 
age and  effluent  collected  at  the  Worcester  Precipitation  Works, 
and  the  percentage  of  matters  removed  from  the  sewage  by  treat- 
ment at  these  works. 

According  to  the  above-mentioned  report,  there  were  treated  dur- 
ing the  year  ending  Nov.  30,  1898,  an  average  of  about  17,700,000 
gallons  per  day  of  mingled  sewage  and  brook  water  taken  from  the 
Mill  Brook  channel,  and  about  1,073  pounds  of  quick-lime  were 
used  for  each  million  gallons  of  sewage  treated.  The  effluent  from 
the  precipitation  works  and  the  excess  of  flow  of  Mill  Brook  over 
the  amount  treated  were  discharged  into  the  Blackstone  River. 

The  second  and  third  tables  show  the  averages  for  each  year  and 
for  the  six  dry  months  of  each  year  of  the  chemical  analyses  of 
samples  of  water  collected  at  various  points  along  the  river. 


386 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


BLACKSTONE  UTVERn 

WoHCESTEB  Sewage  Purification  Works. 
Abstract  of  Analyses  of  Sewage  and  Effluent  made  by  the  City  of  Worcester. 

[Taken  from  the  anniia]  report  of  the  saperintendent  of  sewers  of  the  dtj  of  Worcester  for  the 

year  ending  Nov.  30, 1898.] 

[P«rts  per  100,000.] 


AincoxiA. 

r 

OXTOEK            ) 

OoxauiEBD. 

■ 

▲LBumxoxn. 

DATE  OF  COIiLECTION. 

• 

1 

1 
1 

• 

1 

00 

1 
1 

• 

S 
t 

Sewage,  Deeember,  1897,    . 

.812 

.860 

.185 

.184 

4.76 

2.77  . 

4.10 

Effluent,  Deeember,  1807, 

.761 

.183 

.156 

.027 

2.55 

S.55 

4.10 

Per  cent,  removed, 

6.28 

50.41 

15.68 

85.88 

46.43 

7.94 

O.M 

Sewage,  January,  1808, 

.602 

.827 

.160 

.168 

8.83 

1.86 

8.9S 

Effluent,  January,  1808, 

.668 

.168 

.158 

.010 

1.00 

1.99 

3.92 

1 

Per  cent,  removed. 

4.91 

50.16 

8.77 

04.06 

40.24 

—6.99 

0.00 

Sewage,  February,  1808, 

.688 

.286 

.141 

.145 

2.75 

1.55 

3.47 

Effluent,  February,  1808,     , 

.408 

.in 

.168 

.009 

1.57 

1.57 

3.4ft 

Per  oent.  removed. 

7.60 

40.21 

->14.80 

08.78 

42.91 

-1.29! 

1 
* 

0.68 

Sewage,  ICareh,  1806,   . 

.486 

.278 

.148 

.180 

2.71 

1 

1.40! 

3.85 

Effluent,  ICaroh,  1808,  . 

.807 

.142 

.180 

.008 

1.40 

1.40  j 

3.r 

Per  oent.  removed. 

8.05 

48.56 

6.08 

97.70 

48.84 

0.00 

-0.00 

Sewage,  April,  1808,    . 

.670 

.865 

.188 

.182 

8.00 

1.65 

4.07 

Effluent,  April*  1808,    . 

.624 

.197 

.100 

.007 

1.60 

1.60 

4.00 

Per  cent,  removed, 

6.87 

46.08 

-^.80 

06.14 

45.80 

—2.45  ' 

-0.41 

Sewage,  May,  1808,      . 

.816 

.442 

.248 

.109 

3.62 

1.84  , 

4.41 

Effluent,  May,  1808,     . 

.770 

.228 

.217 

.011 

1.84 

1.84 

4.31 

Per  eent.  removed. 

6.64 

48.42 

10.70 

04.48 

40.17 

0.00 

0.45 

Sewage,  June*  1808,     . 

1.280 

.560 

.268 

.202 

3.94 

1.™; 

5.14 

Effluent,  June,  1808,    . 

1.114 

.268 

.252 

.016 

1.84 

1.81  i, 

6.S 

Per  eent.  removed* 

10.00 

52.14 

5.97 

06.72 

68.80 

-2.79: 

-1.31 

Sewage,  July,  1898,      . 

1.616 

.784 

.882 

.852 

5.44 

3.55 

T.6B 

Effluent,  July,  1808,     . 

1.416 

.818 

.285 

.038 

2.00 

2.90  i 

T.» 

Per  oent.  removed, 

12.88 

66.67 

25.30 

00.63 

45.04 

15.78  i 

-4.41 
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BIiACKSTONE  BIVZB. 

W0BCE8TEB  Sbwaoe  Pdbifioatiom  Wobks — Concluded. 

[P.rU  p«r  100,000.] 


AmiONiA. 

OXTOBV 
COBSUMXD. 

1 

▲LBUlinfOID. 

DATE  OF  COLLEOTION. 

1 

t 

1 

• 

\ 

00 

• 

1 

> 

• 

1 

8<wag«,  AagQst,  1808, 

.878 

.480 

.282 

.267 

5.07 

2.04 

5.68 

XfflnttDt,  Aagart,  1896, 

.781 

.285 

.218 

.017 

2.65 

2.65 

6.87 

Per  cent.  remoTed, 

10.85 

51.04 

6.08 

08.40 

47.78 

0.87 

—8.86 

Sewage.  September,  1808,   . 

1.068 

.548 

.267 

.276 

4.06 

2.85 

6.10 

Bfflaent,  September,  1808,  . 

.046 

.240 

.210 

.021 

2.08 

2.08 

6.18 

Per  cent.  remOTed, 

11.55 

55.80 

17.08 

02.30 

60.00 

8.64 

-0.40 

Bewmge,  October,  1806, 

.800 

.521 

.254 

.267 

4.60 

2.28 

5.12 

Bfflaent,  October,  1806, 

.80S 

.222 

.100 

.028 

2.25 

2.25 

6.20 

Per  cent,  removed. 

7.50 

67.40 

22.06 

01.39 

51.00 

-0.00 

-1.66 

Sewage,  November,  1808,    , 

.664 

.884 

.182 

.152 

8.04 

2.04 

8.00 

Sfflnent,  November,  1806,    , 

.510 

.166 

.160 

.016 

1.85 

1.85 

8.02 

Per  cent,  removed, 

7.08 

50.30 

17.68 

80.48 

50.62 

0.81 

-0.67 

Sewage  for  year  ending  Dec.  1, 1808, 

.861 

.488 

.221 

.217 

4.08 

2.17 

4.76 

Xfflaent  for  year  ending  Dec.  1, 1808, 

.775 

.211 

.106 

.016 

2.06 

2.06 

4.81 

Per  cent,  removed 

8.08 

51.82 

11.77 

02.62 

48.80 

6.07 

-1.06 

NoTS. — Monthly  averagee  are  made  from  dally  analyaea  of  lewage  and  efflaent.  The  daily  sewage 
aamplea  oonaiat  of  forty.eight  portiona  taken  half-hourly.  Sewage  aamplea  are  taken  aa  nearly  as  poa- 
aible  la  proportion  to  the  amount  of  aewage  being  received  at  the  time  of  aampling.  Sfflnent  aamplea 
conaiet  of  twenty-fonr  portiona  taken  hourly. 
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BliACKSTONi:  RIVKU. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  Ritee 

FOR  the  Years  1888  to  1898,  inclusive. 

Blackstone  Biver  between  Mill  Brook  Channel  and  the  Sewage  PrecipUaiion  Work$, 

[Parts  per  100,000.] 


RSSIDDB  ON 
EVAPOBA- 

AmCOBIA. 

Kmoom 

1 

• 

TIOH. 

• 

1 

AB 

t 

Loss  on 
Ignition. 

• 

Albnmlnold. 

• 

s 

5 

TEAS. 

1 

1 

1 

• 

i 

a 

1888 

O.M 

. 

^ 

.2112 

.1040 

. 

. 

1.21 

.0670 

.0029 

. 

1880,   .   . 

0.76 

m. 

. 

.2841 

.1198 

.0629 

.0569 

1.06 

.0285 

.0024  . 

. 

1800,   .   . 

0.82 

. 

. 

.1800 

.1024  .0549 

.0476 

1.06 

.0867 

.0014 

. 

1891,   . 

0.80 

18.54 

4.00 

.8840 

.1563 

.0840 

.0728 

1.78 

.0883 

.0082 

!  4.6 

1892,   .   . 

0.71 

16.28 

4.85 

.2580 

.1262 

.0627 

.0686 

1.84 

.0812 

.0061 

1893,   .   . 

0.08 

17.95 

4.88 

.1420 

.0608 

.0825 

.0277 

1.04 

.0180 

.0012 

1894,   . 

0.88 

17.17 

5.58 

.0739 

.0570 

.0004 

.0266 

0.88 

.0196 

.0006 

1895,   .   . 

0.84 

18.40 

4.02 

.0507 

.0374 

.0220 

.0145 

0.86 

.0175 

.0007 

1890,   .   . 

0.76 

12.69 

8.87 

.0760 

.0486 

.0809 

.oin 

1.01 

.0187 

.0010 

1897.   .   . 

0.94 

17.62 

5.81 

.0716 

.0588 

.0806 

.0227 

0.77 

.0151 

.0015 

1898,   .   . 

O.M 

13.52 

4.84 

.0768 

.0557 

.0259 

.0298 

0.88 

.0167 

.0011 

Blackstone  Biver  below  Sewage  Precipitation  Works, 


1888,   

0.64 

1 

.2112 

.1040 

1.21 

.0870 

.0029  • 

1889, 

0.76 

. 

• 

.2841 

.1198 

.0629 

.0669 

1.06 

.0235 

.0024  i 

. 

1890,   . 

0.74 

. 

. 

.2258 

.un 

.0581 

.0596 

1.26 

.0881 

.0016  ; 

. 

1801,   . 

0.80 

15.62 

4.52 

.4080 

.1808 

.0696 

.0608 

1.91 

.0858 

.0061 

4.6 

1892,   . 

0.53 

19.85 

5.29 

.3688 

.1442 

.0787 

.0705 

2.21 

.0278 

.0088 

7.2 

1898,   , 

0.74 

25.65 

6.54 

.3767 

.1447 

.0864 

.0588 

1.98 

.0369 

.0070  ' 

7.4 

1894,   . 

0.60 

25.76 

6.61 

.4228 

.1809 

.0946 

.0668 

2.1S 

•0816 

.0047 

7.9 

1896,   . 

0.79 

19.14 

4.78 

.2298 

.0840 

.0578 

.0267 

1.52 

.0847 

.0040 

6.8 

1896,   . 

0.40 

24.28 

6.86 

.2645 

.0980 

.0615 

.0815 

1.91 

'.0366 

.0071 

8.3 

1897, 

0.76 

19.94 

4.59 

.2447 

.0643 

.0680 

.0218 

1.88 

.0800 

.0047  1 

6.4 

1898, 

0.49 

19.41 

5.20 

.2260 

.0726 

.0478 

.0252 

1.80 

.0264 

.0072  . 

1 

6.6 

Btaekstone  Biver  ai  Uxbridgt 

r. 

1888,   

0.46 

^ 

^ 

.0979 

.0284 

^ 

. 

0.61 

.0828 

.0008 

^ 

1889, 

0.28 

. 

. 

.0992 

.0800 

.0191 

.0100 

0.60 

.0258 

.0009 

- 

1890, 

0.25 

— 

. 

.1168 

.0214 

.0152 

.0062 

0.66 

.0272 

.0006 

. 

1891, 

0.27 

8.32 

1.94 

.1647 

.0272 

.0197 

.0075 

0.77 

.0896 

.0008 

2.8 

1882, 

0.21 

8.59 

1.90 

.2113 

.0228 

.0158 

.0069 

0.82 

.0826 

.0007 

S.S 

1898,   . 

0.40 

9.45 

1.91 

.1608 

.0256 

.0167 

.0089 

1.00 

.0424 

.0039  i 

8.2 

1894, 

0.51 

10.80 

1.97 

.1872 

.0242 

.0187 

.0055 

1.22 

.0460 

.0031  - 

4.0 

1895,   . 

0.64 

10.66 

2.44 

.1081 

.0816 

.0243 

.0072 

1.06 

.0438 

.0037 

3.9 

1896, 

0.42 

10.77 

2.60 

.1209 

.0808 

.0249 

.0069 

1.09 

.0405 

.0064 

4.2 

1897, 

0.59 

10.81 

2.50 

.1126 

.0298 

.0248 

.0060 

1.04 

.0481 

.0036 

3.8 

1898,   . 

0.68 

8.72 

2.30 

.0818 

.0805 

.0282 

.0078 

0.84 

.0360 

.0046  , 

3.2 

Blackstone  Biver  at  Millville, 


1888, 
1889, 
1890, 
1801, 
1892, 
1898, 
1894, 
1895, 
1896, 
1897, 
1896, 


.     •     •     • 

0.47 

^ 

. 

.0444  .0263 

0.88 

> 

« 

.0460 

.0277 

0.84 

• 

. 

.0687 

.0211 

0.82 

6.06 

1.88 

.0807 

.0298 

0.86 

6.08 

1.62 

.0896 

.0249 

0.40 

6.23 

1.58 

.0899 

.0288 

0.49 

6.87 

1.90 

.0628 

.0219 

0.58 

7.47 

2.27 

.0501 

.0253 

0.40 

7.34 

1.64 

.0549 

.0248 

0.58 

7.07 

2.14 

.0628 

.0262 

0.66 

6.43 

1.95 

.0466 

.0256 

.0206 
.0162 
.0194 
.0180 
.0225 
.0178 
.0189 
.0186 
.0219 
.0201 


.0071 
.0049 
.0099 

.0060 
.0068 
.0046 
.0064 

.0068 
.0048 
.0065 


0.44 
0.43 
0.46 
0.56 
0.54 
0.66 
0.78 
0.74 
0.76 
0.78 
0.61 


.0242 

.0160 

.0240 

.0275 

.0218 

.0289 

.0232 

1.0278 

.0847 

..0332 

1.0222 


.0005 
.0004 
.0004 
.0005 
.0004 
.0008 

.ooos 

.0016 
.0018 
.0014 
.0019 


I  • 


1.9 
1.8 
3.ft 
S.S 
I.T 
2.8 

:.e 

2.3 
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BLACKSTOKIS  BIVER, 
AVEBAOES  OF  CHEMICAL  AKALTSE8  OF  WATER  FROM  THE  BLACKSTONE  RiVER 

FOR  Six  Months,  from  June  to  November,  mcLusiYE,  of  Each  Year 
FROM  1887  to  1898,  inglvsiye. 

BlacksUme  Biver  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works. 

[P«rta  per  100,000.] 




BsaiDDK  ow 

• 

EVAPOBA- 

Akkovia. 

KinooBH 

MONTHS. 

• 

TIOK. 

■ 

1 

At 

• 

1 

Loiaon 
Ignition. 

• 

£ 

Albaxninold. 

i 

i 

t 

•8 

1 

S 

Sus- 
pended. 

■ 

8 

« 

e 

■2 

41 

Jnne-NoT.,  1887. . 

0.91 

.2686 

.1741 

. 

« 

I  1.86 

.0160 

. 

^ 

•• 

<« 

loOOf  ■      •      ■ 

0.76 

• 

a 

.2658 

.1112 

.0667 

.0666 

1  1.60 

.0882 

.0041 

. 

•• 

«4 

1880. . 

0.86 

. 

— 

.8980 

.1480 

.0772 

.0668 

'  1.82 

.0177 

.0026 

^ 

«4 

44 

1890,  .    . 

1.14 

9.02 

8.08 

.2107 

.1246 

.0678 

.0678 

1.07 

.0260 

.0016 

2.9 

(• 

44 

189U  .   . 

1.10 

17.42 

6.69 

.4918 

.1950 

.1127 

.0828 

2.29 

.0192 

.0087 

6.0 

<• 

14 

1882, .   .   . 

0.fi2 

20.76 

6.30 

.8547 

.1438 

.0708 

.0726 

2.48 

.0227 

.0108 

6.1 

t( 

14 

1898,.   . 

0.40 

16.98 

4.66 

.1480 

.0688 

.0240 

.0648 

1.01 

.0116 

.0015 

6.3 

«• 

4« 

1894, . 

0.66 

16.98 

4.76 

.0648 

.0880 

.0286 

.0144 

0.74 

.0116 

.0006 

4.4 

<• 

i« 

189&, .   .   . 

0.40 

14.17 

4.50 

.0618 

.0414 

.0243 

.0171 

0.9S 

.0168 

.0006 

8.4 

•• 

•« 

1898, . 

0.81 

12.90 

2.96 

.0780 

.0416 

.0282 

.0188 

0.97 

.0147 

.0015 

8.4 

<f 

44 

1897,  . 

0.86 

26.45 

7.68 

.1130 

.0674 

.0662 

.0812 

0.89 

.0090 

.0024 

4.2* 

14 

41 

1898, .   . 

0.88 

17.42 

6.62 

.0857 

.0619 

.0260 

.0869 

0.96 

1 

.0058 

.0010 

4.6 

BlackaUme  River  below  Sewage  Precipitation  Works, 


Jao»-NoT. 

,  1887,  . 

0.91 

. 

. 

.2686 

.1741 

.^ 

„ 

1.85 

.0160 

. 

. 

44 

44 

1888, .   .   . 

0.76 

— 

- 

.2658 

.1112 

.0567 

.0556 

1.50 

.0882 

.0041 

. 

44 

44 

1880, .   . 

0.86 

- 

• 

.'.3980 

.1480 

.0772 

.0668 

1.82 

.0177 

.0026 

« 

4* 

44 

1890, . 

0.97 

11.86 

3.10 

.2907 

.1492 

.0722 

.0770 

1.46 

.0270 

.0018 

8.9 

41 

44 

1891, . 

1.06 

22.26 

6.60 

.6367 

.1508 

.0688 

.0626 

2.61 

.0288 

.0040 

6.2 

44 

44 

1892,.   . 

0.68 

26.80 

7.76 

.6240 

.1810 

.0968 

.0852 

3.13 

.0187 

.0050 

10.8 

44 

44 

1808,.   . 

0.61 

30.00 

7.18 

.5680 

.1468 

.0900 

.0558 

2.76 

.0285 

.0126 

10.9 

•  f 

44 

1894,.   . 

0.40 

29.30 

6.86 

.6189 

.1990 

.1113 

.0277 

2.68 

.0212 

.0071 

10.6 

44 

44 

1896, . 

0.71 

22.15 

6.18 

.3246 

.0898 

.0697 

.0801 

1.86 

.0207 

.0068 

7.8 

•4 

44 

1896,.   . 

0.30 

26.08 

6.68 

.2881 

.0898 

.0600 

.0298 

2.10 

.0217 

.0118 

9.7 

4« 

44 

1897,.   .   . 

0.78 

26.98 

4.97 

.8650 

.1122 

.0782 

.0840 

1.61 

.0207 

.0068 

6.9 

44 

44 

1898,.   .   . 

0.28 

26.68 

6.73 

.8064 

.0868 

.0660 

.0608 

1.66 

.0132 

.0119 

9.2 

Blackstone  River  at  Uxbridge, 


JaiM-NoT.,  1887. . 

0.89 

^ 

^ 

.1129 

.0271 

„ 

0.79 

.0660 

44       44 

Jooo, ... 

0.88 

6.42 

1.62 

.1166 

.0288  .0222 

.0066 

0.68 

.0810 

.0007 

. 

44       44 

1888, .   . 

0.82 

. 

. 

.1188 

.0286  .0192 

.0104 

0.66 

.0383 

.0009 

. 

M       44 

1890, . 

0.26 

8.86 

2.12 

.1629 

.0281 

.0174 

.0067 

0.79 

.0260 

.0006 

2.9 

44       44 

1881, . 

0.20 

10.16 

2.61 

.2280 

.0176 

.0117 

.0068 

1.04 

.0426 

.0007 

3.6 

4«       44 

1892, . 

0.18 

0.86 

1.88 

.2840 

.0227 

.0162 

.0065 

0.99 

.0818 

.0007 

3.1 

44       M 

1896, .   . 

0.24 

11.74 

2.87 

.1086 

.0207 

.0140 

.0067 

1.20 

.0623 

.0050 

4.2 

4«       44 

1894, . 

0.85 

18.07 

2.08 

.1456  .0243 

.0188 

.0060 

1.67 

.0678 

.0060 

4.9 

4t       44 

1886.t    .    . 

0.66 

12.95 

2.69 

.0906  .0258 

.0182 

.0076 

1.34 

.0631 

.0066 

4.7 

•  4       44 

1886..   .   . 

0.88 

12.68 

2.67 

.1129  .0267 

.0221 

.0086 

1.38 

.0477 

.0001 

5.0 

•4       44 

1887, . 

0.48 

11.60 

2.47 

.1029  .0280 

.0215 

.0065 

1.82 

.0653 

.0061 

4.8 

44       41 

1888, . 

0.49 

10.69 

2.78 

,.0601  .0264 

.0219 

.0046 

1.00 

.0470 

.0076 

3.8 

Blackstone  River  at  MillvUU. 


Jaoe-KoT. 

,  1887, .   . 

0.81 

« 

« 

.0468 

.0220 

^ 

^ 

0.61 

.0210  ,   . 

. 

44 

44 

1886. . 

0.41 

6.22 

1.40 

.0467 

(fl296 
!0278 

.0288 

.0063 

0.60 

.0278  .0004 

« 

•4 

44 

1889, . 

0.88 

- 

> 

.0490 

.0218 

.0060 

0.46 

.0167  .0003 

. 

44 

44 

1890, . 

0.26 

6.71 

2.24 

.0786 

.0196 

.0162 

.0044 

0.53 

.0229  .0008 

2.8 

44 

•4 

1881,  . 

0.24 

7.48 

2.86 

.1106 

.0384 

.0284 

.0150 

0.72 

.0806  .0006 

2.2 

44 

44 

1881, . 

0.87 

6.70 

1.62 

.1148 

.0294 

.0210 

.0064 

0.68 

.0217  .0002 

2.0 

«• 

44 

1888,. 

0.28 

7.48 

1.73  , 

.0677 

.0119 

.0087 

.0081 

0.77 

.0686 

.0011 

2.6 

44 

44 

1884, .   .    . 

0.47 

8.42 

2.16 

.0610 

.0172 

.0189 

.0063 

0.89 

.0278 

.0012 

2.8 

44 

44 

1886,.   . 

0.61 

8.67 

2.66 

.0366 

.0288 

.0180 

.0068 

0.90 

.0888 

.0024 

8.2 

44 

44 

1886^.   .   . 

0.86 

8.68 

1.69 

.0484 

.0287 

.0180 

.0057 

0.97 

.0418 

.0027 

3.8 

«4 

44 

1887, .   . 

0.46 

7.66 

1.98 

.0609 

.0268 

.0210 

.0048 

0.92 

.0446 

.0019 

8.1 

44 

t4 

1886,.   . 

0.61 

7.12 

2.17 

.0826 

.0240 

.0193 

.0047 

0.68 

.0240 

.0023 

2.5 

*  Avenge  of  fire  montbe.         t  Average  of  flre  moathe.    No  eemple  was  obtaliied  In  Jane. 
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BliACKSTOXE  BIVEB. 

Chemical  Examination  oj  WaUr  from  Blaeksione  River ^  between 

[Parte  per  100,000.] 


i 

Of 

CoUcetion. 

Appeasavcb. 

BStlDUB  OK  KVAPOSATIOV. 

Tnrbldlty. 

Sediment. 

.. 

!  Lost  ov  lomnov. 

1 

• 

1 

% 

• 

» 

1 

1 

6 

1 

k^ 

a  A 

1 

a1 

si 

^ 

A 

o 

H 

A 

S     1 

H 

A 

« 

ISM. 

' 

21916 

Jan.  10 

Dedded. 

Oont. 

1.10 

10.80 

7.60 

2.80 

8.80 

1.68 

1.76 

22884 

Feb.  22 

Dedded. 

Oont. 

1.00 

9.70 

7.10 

2.00 

8.80 

2.60 

1.00 

22680 

Mar.  16 

Dedded. 

Oont. 

0.70 

8.80 

6.60 

2.80 

8.00 

2.00 

1.00 

22918 

Apr.  20 

Dedded. 

Heavy. 

0.87 

8.40 

6.20 

8.20 

2.00 

1.70 

1.10 

28216 

May  18 

SUgbt. 

Heavy,  floe. 

0.06 

10.00 

7.00 

8.00 

2.70 

1.80 

1.40 

28604 

Jane  16 

Dedded. 

Heavy. 

0.90 

10.20 

7.80 

2.00 

2.00 

1.70     1.80 

28892 

jQly  21 

Dedded. 

Heavy. 

0.18 

90.10 

20.00 

1.10 

0.70 

0.40  <  0.80 

24867 

Ang.  18 

Dedded,  milky. 

Heavy. 

0.10 

14.10 

10.26 

S.86 

4.60 

2.70     1.80 

24718 

Sept.  21 

Dedded. 

Heavy. 

0.28 

16.00 

0.40 

6.00 

4.86 

2.40     1.06 

10 

26109 

Oct.  19 

SUgbt. 

Heavy,  brovni. 

0.17 

19.06 

11.86 

8.10 

0.26 

2.10     4.16 

u 

26419 

Nov.  17 

Dedded. 

Oont. 

. 

16.20 

12.80 

2.40 

0.00 

6.80     0.20 

12 

26766 

Dec.  21 

Dedded. 

Heavy. 

0.14 

10.60 

8.60 

2.00 

8.10 

2.60 

0.80 
2.87 

IS 

Av.. 

0.60 

18.62 

10.90 

8.82 

4.t4 

2.9T 

Odor,  dittlndly  mnaty  and  nnpleatant  or  dltagreeable. Tbe  aamplea  were  collected  from  tbe 

26410  on  Tbnrtday,  and  the  other  eamplea  on  Wedneeday.   The  aamplea  were  collected  between  0.80 


Chemical  Examination  of  Water  from  Blaeksione 

[ParU  per  100,000.] 


■ 

1 
1 

Date  of 

Collection. 

APnAEASOB. 

RsanNTB  OB  EVAPOBATtOB. 

Tutidity. 

Sediment. 

1 

TOTAX.  BBtmUB. 

Loea  OB  laaniOB. 

5 

• 

1^ 

1^ 

i  .1 
1  i 

* 

1^ 

10 

11 

12 

21016 
22886 
22600 
22010 
28217 
28606 
28003 
24868 
24710 
26110 
25420 
26766 

ISSS. 

Jan.  10 
Feb.  22 
Mar.  16 
Apr.  20 
May  18 
Jane  16 
July  21 
Ang.  18 
8eM.21 
Oi.  10  ' 
Nov.  17 
Dec.  21 

Dedded. 

Dedded. 

Dedded. 

Dedded. 

Decided. 

Dedded. 

Dedded. 

Dedded,  milky. 

Dedded. 

Dedded. 

Dedded. 

Dedded. 

Com. 

Oont. 

Oont. 

Heavy. 

Heavy,  floe. 

Heavy. 

Heavy. 

Heavy. 

Heavy. 

Heavy,  brown. 

Oooe. 

Heavy. 

1.16 
1.06 
1.10 
0.72 
0.06 
0.90 
0.18 
0.22 
0.80 
0.10 

0.22 

11.80 

0.60 

10.00 

14.70 

,  16.80 

.  26.80 

1  40.60 

!  21.00 

'  17.66 

,  88.16 

16.00 

16.70 

10.20 
6.60 
8.70 
10.70 
18.80 
24.10 
86.40 
18.16 
18.00 
27.80 
14.20 
U.70 

1.60  ' 

8.00  > 

1.00 

4.00  , 

8.00 

2.20 

4.40  ' 

2.86 

8.06 

6.86 

0.80 

4.00 

4.00 
3.20 
8.40 
4.20 
8.80 
4.80 
0.60 
6.60 
4.76 
8.86 
0.00 
8.40 

S.10 
2.30 
2.70 
S.20 
S.40 
4.80 
0.00 
4.60 
S.60 
7.20 
6.00 
2.40 

0.00 
0.00 
0.10 
1.00 
0.40 
0.60 
2.61 
2.00 
1.0 
1.66 
0.40 
l.flO 

18 

Av.. 

1 
1 

1 
0.40   '  lo.'ii 

16.82 

8.00 

6.20 

4.00 

l.U 

1 

1 

Odor,  dltttnctly  mvtty  and  nnpleatant  or  dltagreeable,  aometlmee  offenalve.  — ~  The  aamplo 
Sewage  PredplUtion  Workt  entera  the  river.   No.  22886  waa  collected  on  Tneeday,  Noe.  28080, 2088 
0.46  and  10.46  a.m. 
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BIjACXSTOHIE  mvsB. 

MiU  Brook  Channel  and  the  Worcestet  Sewage  Preeip&ation  Works. 

[Fwu  per  100,000.] 


AMMOHIA. 

NXTBOOXV  ▲• 

OXTOBV 

Coirsnicu). 

IBOV. 

_ 

▲LBUXUrOIV.      1 

6 
1 

• 

• 

1 

1 

! 

1 

• 

1 

• 

6 

1 

1^ 

• 

.0700 

.0410 

.0240 

.0176 

0.77 

.0880 

.0018 

0.68 

0.58 

0.68 

0.24 

2.6 

1 

.0700 

.0080 

.0888 

.0102 

0.04 

.0620 

.0000 

0.70 

0.58 

0.81 

0.15 

2.8 

2 

.12SS 

.0772 

.0488 

.0284 

0.06 

.0620 

.0014 

0.70 

0.60 

0.28 

0.12 

2.8 

8 

.0878 

.0444 

.0168 

.0288 

0.54 

.0280 

.0012 

0.66 

0.46 

0.17 

0.00 

8.0 

4 

.OSOO 

.0876 

.0115 

.0200 

0.86 

.0180 

.0006 

o.n 

0.28 

1.28 

0.87 

2.8 

5 

.0880 

.0672 

.0884 

.0808 

0.80 

.0100 

.0004 

0.67 

0.90 

0.67 

0.08 

2.1 

6 

.1900 

.0600 

.0810 

.0190 

- 

.0000 

.0001 

1.10 

0.84 

8.15 

0.20 

11.5 

T 

.0800 

.0480 

.0200 

.0280 

0.08 

.0140 

.0020 

0.58 

0.30 

0.60 

0.02 

8.1 

8 

.0885 

.0830 

.0266 

.0876 

1.81 

.0010 

.0000 

1.01 

0.41 

0.47 

0.18 

8.1 

0 

.0050 

.0080 

.0180 

.0800 

1.08 

.0010 

.0016 

1.70 

0.61 

0.54 

0.08 

4.6 

10 

.1080 

.0800 

.0860 

.0260 

0.78 

.0060 

.0012 

2.01 

2.68 

0.88 

0.80 

8.1 

11 

.0748 

.0800 

.0184 

•0226 

0.t4 

.0180 

.0018 

0.08 

0.24 

0.28 

0.08 

2.5 

12 

.0702 

.0667 

.0260 

.0206 

0.88 

.0107 

.0011 

1.04 

0.80 

0.76 

0.15 

8.5 

18 

rfrar,  about  200  fMt  below  the  iron  bridge.   No.  22884  was  eoUeoted  on  Taeeday,  Noe.  28002,  84887  and 
and  10.80  aji. 


JRover,  beUno  the  Worcester  Sewage  Precipitation  Works, 

[Parte  per  100,000.] 


AmconA. 

NiTBOOBV  AS 

OXTOBH 
COVSDllED. 

laoir. 

— — 

AISUMIKOID.       1 

* 
• 
e 

1 

e 

• 

1 

1 

• 

• 

» 

i 

1 

• 

1 

X 

• 

s 

IM 

H 

Q 

s 

Sq 

» 

^ 

s 

D 

c 

H 

.1884 

.0478 

.0872 

.0100 

1.06 

.0520 

.0024 

0.62 

0.00 

0.70 

0.29 

4.0 

1 

.0758 

.0688 

.0868 

.0168 

0.80 

.0820 

.0000 

0.74 

0.68 

0.30 

0.16 

2.2 

2 

.1988 

.0808 

.0548 

.0860 

1.08 

.0880 

.0015 

0.77 

0.61 

0.81 

0.10 

3.0 

8 

.1840 

.0840 

.0480 

.0180 

1.18 

.0450 

.0028 

1.00 

0.66 

0.81 

0.00 

4.7 

.1800 

.0080 

.0860 

.0810 

1.34 

.0530 

.0040 

0.74 

0.48 

1.08 

0.07 

5.8 

.4880 

.1560 

.1080 

.0400 

2.60 

.0100 

.0520 

0.00 

0.61 

0.80 

0.01 

10.8 

.6000 

.1185 

.0800 

.0206 

1.05 

.0000 

.0002 

1.54 

1.02 

8.80 

1.12 

16.0 

.2710 

.0880 

.0850 

.0270 

1.60 

.0880 

.0064 

0.54 

0.88 

0.84 

0.04 

7.4 

.1445 

.0880 

.0845 

.0816 

1.82 

.0100 

.0088 

0.74 

0.88 

0.41 

0.05 

4.4 

.8410 

.0710 

.0800 

.0820 

1.60 

.0000 

.0076 

1.58 

1.00 

8.48 

0.45 

14.1 

.1080 

.0485 

.0885 

.0180 

0.82 

.0210 

.0024 

3.67 

2.85 

0.55 

0.82 

3.8 

.U14 

.0878 

.0108 

.0180 

0.87 

.0180 

.0027 

0.88 

0.27 

0.88 

0.07 

4.7 

18 

.8880 

.0T25 

.0473 

.0252 

1.80 

.0284 

.0072 

1.06 

0.74 

0.87 

0.25 

6.6 

18 

eoUeeted  from  the  river,  above  Hlllbvry  and  below  the  point  where  the  effluent  from  the  Woreeeter 
and  S5480  oa  Thoreday,  and  the  other  aamplee  on  Wednesday.    The  samples  were  eoUeeted  between 
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BLACKSTONE  BIVSB. 

CfiemiccU  ExamincUion  of  Water  from  Blackstone  Biver  at  Uocbridge. 

[Parts  per  100,000.] 


• 

• 

1 

Apfbabancs. 

Rbsidux  ok 
Evapora- 
tion. 

Amvohxa. 

i 

0.60 
0.60 

0.42 
0.84 
0.01 
O.Ol' 
1.16 
0.86 
1.16 
1.22i 
0.67 
0.69' 

1 
0.84' 

NiTBOGBV 

AS 

D 

1 
1 

M 

0 

6 

•5 

1 

1 
1 

1 

• 

• 

1 

■ 

1 

Albuminoid. 

1 

• 

! 

r 

1 

• 

i 

• 

1 

E 

i 
ii 

00 

■ 

S 

c 

•z 

21056 
22248 

22508 
22905 
28223 
28560 
28085 
24858 
24783 
25115 
26414 
25754 

18»8. 

Jan.  24 
Feb.  17 

Mar.  17 
Apr.  20 
May  10 
Jane  15 ' 
July  21 
Aug.  18 
Sept.  22 
Oct.  21  i 
Nov.  17 
Dec.  22 

Decided. 
Decided, 
milky. 
Decided. 
Decided. 
Decided. 
Decided. 
Blight. 
Decided. 
Decided. 
Decided. 
Slight. 
Decided. 

Cons. 
Blight. 

Cons. 

Heavy. 

Cons. 

Cons. 

Cons. 

Cons. 

Cons. 

Cons. 

V.  slight. 

V.  Blight. 

.00 
.85 

.63 
.60 
.55 
.51 
.29 
.64 
.28 
.55 
.70 
.51 

.58 

6.05 
6.65 

4.85 

7.50 

7.95 

9.50 

11.60 

0.95 

12.80 

11.85 

7.85 

8.20 

1.55 
2.00 

1.50 
1.85 
1.00 
2.50 
2.60 
8.15 
2.80 
8.15 
2.60 
2.15 

.0580 
.0586 

.0844 
.1092 
.1680 
.0892 
.0526 
.0006 
.1010 
.1502 
.0688 
.0728 

.0818 

.0842 
.0858 

.0214 
.0448 
.0890 
.0296 
.0266 
.0260 
.0216 
.0228 
.0818 
.0820 

.0805 

.0278 
.0290 

.0154 
.0204 
.0280 
.0282 
.0208 
.0218 
.0188 
.0204 
.0264 
.0262 

.0282 

.0064 
.0068 

.0060 
.0244 
.0110 
.0064 
.0058 
.0042 
.0028 
.0024 
.0054 
.0058 

.0078 

.0220.0005 
.0800.0008 

.0200.0006 
.0290  .0017 
.08201.0032 
.0580.0080 
.0790  .0170 
.0550  .0100 
.0830.0056 
.0350.0040 
.0220.0013 
.0170  .0022 

.0800.0046 

.45 
.44 

.80 
.88 

.85 
.89 
.41 
.48 
.28 
.54 
.55 
.40 

2.6 
2.6 

2.1 
8.0 
8.4 
8.6 
4.0 
8.5 
4.8 
4.3 
2.0 
2.7 

A.Vm.m  m 

8.72 

2.80 

.42 

8.2 

Odor,  generally  mnsty  and  occasionally  disagreeable  or  nnpleasant,  becoming  stronger  on  beating. 

The  samples  were  collected  from  the  canal  leading  from  the  npper  dam  of  the  Calomet  Woolen 

Company  to  the  mill,  jost  before  the  water  passed  the  screens. 


Chemical  Examination  of  Water  from  Blackstone  Biver  at  MUlviUe,  Blackstone. 

[ParU  per  100,000.] 


I 

D 


§ 

a 

s 

s 


21025 
22245 

22597 
22904 


28598 
28984 
24857 
24786 
25119 
25418 
26758 


Av. 


18»8. 

Jan.  20 
Feb.  17 

Mar.  17 

Apr.  20 
May  10 
Jane  16 
Jaly  21 
Aog.  18 
Sept.  22 
Oct.  22 
Nov.  17 
Dec.  22 


APPaASANOB. 


f 


I 


Decided. 
Slight. 

Slight. 

Decided. 

Decided. 

Slight. 

Decided. 

Decided. 

Slight. 

Y.sllffht. 

Decided. 

Decided. 


Slight. 
Cons., 

earthy. 
V.  slight. 
Cons. 
Slight. 
Cons. 
Slight. 
Coos. 
Slight. 
V.  slight 
V.  slight. 
V.sUght. 


.62 
.66 

.60 
.50 
.50 
.48 
.45 
.62 
.82 
.58 
.60 
.51 


.55 


Rbsidub  on 

Btapoba- 

noN. 

• 

a 

© 

** 

• 

§1 

1 

K*^ 

6.50 

2.05 

5.20 

2.00 

4.20 

1.50 

6.10 

1.55 

6.25 

1.60 

6.00 

2.10 

7.50 

1.70 

6.30 

2.60 

7.70 

1.75 

7.85 

2.50 

6.60 

2.86 

6.15 

1.65 

6.48 

1.95 

AmONIA. 


Albuminoid. 

1 

_• 

1 

z 

1 

si 

k 

H 

s 

s 

.0776 
.0874 

.0212 
.0724 
.0960 
.0826 
.0190 
.0024 
.0292 
.0710 
.0408 
.0478 


.0456 


.0814 
.0290 

.0176 
.0296 
.0820 
.0248 
.0286 
.0276 
.0208 
.0226 
.0196 
.0282 


.0254 
.0186 


.0060 
.0104 


.0182  .0041 
.0228.0068 
.02401.0080 


.0256 


.0212 
.0220 
.0282 
.0188 
.0172 
.0186 
.0208 


.0086 
.0066 
.0044 
.0020 
.0054 
.0060 
.0024 


i 

6 


.74 

.48 

.87 

.69 

.n 
.00 

.71 
.45 
.70 
.82 
.60 
,.58 


.0201  .00551.61 


NmooBN 

AS  I 


i 

S 


8 

s 
•» 

■I 


s 


b 

h 


.0220 
.0240 

.0150 
.0280 
.0180 
.0250 
.0860 
.0180 
.0200 
.0380 
.0170 
.0210 


.0008,  .41 
.0002:1.47 


.0004 

.0009, 

.00161 

.0026 

.0070 

.0009 

.0010 

.00161  . 

.0008!. 

.0000 


89 
30 
87 
40 
41 
00 
32 
55 
68 
41 


.0222  .0016  .43 


2.7 
2.0 

1.8 
2.8 
2.5 
2.1 
2.8 
2.1 
8.0 
8.0 
2.8 
2.1 


2.3 


Odor,  mnsty  and  unpleasant  or  disagreeable,  becoming  generally  stronger  on  heating.  — -  The 
samples  were  collected  from  the  river.  Just  above  the  dam  in  the  village  of  Mtllville. 
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Charles  River. 

Chemical  Examination  of  Water  from  Charles  River ^  below  Milford. 


[Parte  per  100,000.] 
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Odor,  dUttnetly  moaty  and  diaagreeable. 

Chemical  Examination  of  Water  from  Charles  River ^  opposite  the  FUter-gallery 

of  the  Brookline  Water  Works  at  West  Roxlmry, 

[ParU  per  100,000.] 
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Odor,  generaUy  vegetable,  becoming  stronger  and  sometlmee  musty  on  heating. 
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CHARI<K9  RIVBB. 

CSiemical  Examitialion  of  Waler  Jrom  Charles  Siver,  near  the  Pumping  Station 

of  the  Newton  Water  Works. 

[P.rup.r  100.000.] 
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CAemttioJ  Examination  of  Water  from  Charle*  River,  opposite  the  Welt  o 
Waiiham  Waler  Work*. 
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I>BEBFIEU>  RIVEK. 

Deerfield  Eiver. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
North  Adams  relative  to  the  use  of  the  Deerfield  Eiver  as  a  source 
of  ice  supply  may  be  found  on  page  127  of  this  volume. 

The  results  of  analyses  of  samples  of  water  collected  at  various 
points  on  }he  stream  above  the  place  from  which  it  is  proposed  to 
take  the  ice  are  given  in  the  following  table :  — 

Chemical  Examination  of  Water  from  Deerfield  Eiver, 

[Pftrts  per  100,000.] 
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Not.  22 
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.0018 
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.0180 
.0020 
.0120 


.0000 
.0000 
.0000 


I 
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a 
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1 


.06 


0.6 


Odor,  none. Tho  flnl  Minple  was  eolleoted  from  the  rlTor  a  short  dlitanoo  aboTO  Readaboroagh, 

Vt.;  the  Moond,  from  the  riTer  aboTe  the  Tillage  of  Monroe  Bridge;  the  laet,  from  the  riTer  at  tae 
Tillage  of  HooMo  ToDnel  Id  the  towo  of  Florida. 

French  River, 

Chemical  Examination  of  Water  from  French  Eiver  at  Webster. 

[Parte  per  100,000.] 
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6.26 
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2.00 
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.0080 
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.0016 
.0001 
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at 
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.67 
.67 


1.6 
1.0 


Odor,  dlatinctlT  nnpleaaant. The  aampIeB  were  collected  from  the  riTer  below  the  Tillage  of 

Webcter,  near  the  boundary  line  between  the  Butea  of  Mauachneetta  and  Oonnectlcnt. 

HoosAC  River. 

This  river  receives  sewage  from  the  city  of  North  Adams  and  the 
town  of  Adams.  Sewage  from  Adams  and  a  small  portion  of  the 
sewage  of  North  Adams  are  discharged  into  the  South  Branch. 
The  North  Branch  receives  manufacturing  wastes  and  some  sewage 
from  North  Adams,  but  the  principal  outlet  for  the  sewers  of  North 
Adams  is  into  the  river  below  the  junction  of  the  two  branches,  in 
North  Adams. 
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HOOSAC  BIVZB. 

Chemical  Examination  of  Water  from  the  South  Branch  of  the  Eoosac  River^ 
near  its  Confluence  wUh  the  North  Branch  al  North  Adam^. 

[Parte  per  100,000.] 
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Odor,  generally  falntlv  muBty,  occationally  diiagreeable,  becoming  eometlmeB  atronger  on  heating. 

The  Bamplee  were  collected  from  the  river,  about  a  quarter  of  a  mile  above  Ita  confluence  with  the 

North  Branch. 


Chemical  Examination  of  Water  from  the  North  Branch  of  the  Eoosac  River ^  near 
its  Confluence  with  the  South  Branch  at  North  Adams, 

[PftrtB  per  100,000.] 
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Odor,  generally  mutty,  oeeaBionally  unpleaaant  or  diaagreeable,  becoming  aometlmea  atronger  on 

heatins. The  aamplea  were  collected  from  the  river,  about  a  quarter  of  a  mile  above  ita  oonflnesee 

with  the  South  Branca. 
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HOOSAC  BIVXB. 

Chemieal  Examination  of  Water  fnm  the  Eoosae  Biver  at  North  Adams. 

[ParU  per  100,000.] 
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Odor,  generally  Mntly  mnsty,  oeeaaionally  nnpleasant  or  disagreeahle,  becoming  stronger  on  heat- 
ing.   The  samplea  were  collected  from  the  river,  near  the  bam  of  the  North  Adams  Mannfacturlng 

Company  in  Bray  tonville,  about  a  mile  below  the  confluence  of  the  North  and  South  branches  and  below 
the  point  of  diacnarge  of  the  principal  sewer  in  North  Adams. 

Chemical  EzamincUion  of  Water  from  Hoosac  River  at  WUliamstown, 

[Parts  per  100,000.] 


Date  of  Collection. 

APPBABAXCB. 

Bbsidub  om 

EVAPOBA- 
TIOK. 

Ajixovia. 

• 

e 

1 

0 

NlTBOGBM 

AS          1 

1 

1 

1 

\ 
1 

1 

• 

1 

Lesson 
Ignition. 

• 

Albnmlnold. 

1 

1 

•MM 

5e; 

9 

• 

1 

1 
1 

s 

pended. 

• 

1 

S3 

1 
18M. 

■ 

21898 

Jan.  18 

Decided. 

Cona. 

.18 

8.15 

2.00 

.0180 

.0160!. 0180 

.0080 

.28 

.0270 

.0006 

.38 

6.7 

22218 

Feb.  16 

Slight, 
milky. 

Cona. 

.17 

8.06 

1.76 

1 

.0086 

.0164 

.0184 

.0030 

.20 

.0280 

.0008J 

1 

.22 

6.4 

22661 

Mar.  16 

Decided. 

Heavy, 
earthy. 

.86 

6.65 

1.80  ! 

.0048 

.0492 

.0104 

.0888 

.16 

.o-r>o  .0008 

.24 

3.6 

, 

22879 

Apr.  18 

Slight. 

V.  alight. 

.21 

5.70 

1.70 

.0006 

.0180 

.0180  .0050' 

.15 

.0080 

.0003  .34 

3.5 

28197 

May  17 

Decided. 

Cons. 

.20 

6.40 

1.60 

.0126 

.0166.0112.00641 

.14 

.0120 

.0002 

.26 

4.2 

28640 

June  14 

Decided. 

Heavy, 
earthy. 

.68 

6.80 

2.00  I 

.0092 

.0408 

.0244  .0164 

.10 

.0160 

.0003 

r 

.66 

4.0 

28044 

July  19 

Decided. 

Cone. 

.22 

14.65 

2.90  ' 

.0640 

.0344 

.0262.0092 

.49 

.0160 

.0006 

.82 

9.1 

84314 

Aug.  16 

Deeided. 

Cona. 

.20 

11.10 

2.06 

.0862 

.0280.0162.0068 

.81 

.0180 

.0008 

.25 

8.0 

24720 

Sept.  20 

Blight. 

Cons. 

.28 

14.66 

8.80 

.0202 

.0482.02981.0184 

.60 

.0120 

.0018 

.88 

8.7 

26137 

Oct.  24 

Slight. 

Slight. 

.21 

7.75 

2.80  1 

.0064 

.0246*. 0176 

.0070 

.17 

.0160 

.0002 

.32 

4.7 

26801 

Not.  15 

Decided. 

Cona. 

.19 

7.90 

1.76 

.0000 

.0208  .0128 

.0060 

.18 

.0240 

.0008 

.24 

6.8 

26700 

Dec.  20 

Decided, 

Slight, 

.20 

11.90 

8.80  , 

.0188 

.0408 

.0296 

.0112 

.88 

.0260 

.0006 

.42 

7.9 

clayey. 

earthy. 

.24 

1 

.0162 

.0286 

.0180 

.0106 

.26 

.0187 

.0005 

.82 

At... 

9.13 

2.20 

6.8 

1 

Odor,  gent^rtolly  uautity,  «otu«iim«a  unpleasant  or  disagreeable,  becoming  stronger  on  heating  — 
The  samples  were  collected  from  the  river,  at  the  bridge  near  the  WUliamstown  station  on  the  Fitch- 
burg  railroad. 
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HousATONic  River. 

This  river  receives  the  sewage  of  the  city  of  Pittsfield,  which  in 
1895  had  a  population  of  20,461.  The  sewage  in  an  unpurified 
state  is  discharged  into  the  river  in  the  vicinity  of  the  junction  of 
the  east  and  west  branches. 


Chemical  Examination  of  Water  from  the  East  Branch  q/  the  Houaatonic  Biver^ 

at  Pittsfield, 

[Parts  per  100,000.] 


1 

O 

S 

S 

Afpsaxahob. 

BB8ID17B  Oir 
EVAFORA- 

nov. 

AmcoiriA. 

1 
1 

• 

9 

1 

.16 
.16 

'  NiTBOOBM 
▲S 

i 

Oxygen  Consumed. 

• 

1 

1 
1 

i: 

1 

Loss  on 
Ignition. 

1 

Albuminoid. 

1 

• 

5 

5 

1 

1 

1 

s 

Sus- 
pended. 

1 

s 

21088 
22213 

18M. 

Jan.  25 

Feb.  15 

Deoided. 

Slight. 

OODB., 

floo. 
SUght. 

.31 
.81 

6.50 
6.76 

1.85 
1.95 

j.0024 
.0018 

.0188 
.0170 

.0112 
.0106 

.0026 
.0064 

.0160 
.0170 

.0001 
.0001 

i.40 
.50 

22S7I 
22926 
2S205 

Mar.  16 
Apr.  20 
May  17 

Slight. 
Slight, 
y.  Blight. 

Cons., 

floe. 
Cons., 

floo. 
Cons. 

.40 
.84 
.60 

4.00 
6.75 
6.75 

1.25 
2.15 
2.80 

i.OOlO 

1.0020 

1 

,.0024 

.0154 
.0166 
.0168 

.0114 
.0148 
.0156 

.0040 
.0018 
.0012 

.07 
.12 

.10 

.0050 
.0120 
.0130 

.0001 
.0000 
.0001 

:.47 

28606 

June  18 

SUght. 

OODB. 

.86 

8.50 

2.80 

.0046 

.0202 

.0162 

.0040 

.18 

.0160 

.0002  .61 

24066 

Jaly  26 

SUght. 

OODB. 

.80 

11.20 

8.80 

.0274 

.0846 

.0190 

.0056 

.18 

.0140 

.0009  .a 

24S28 

Ang.  16 

Slight. 

SUght. 

.88 

0.00 

2.65 

.0082 

.0206 

.0174 

.0082 

.16 

.0180 

.0002|;.46 

24781 

Sept.  20 

Deoided. 

Cons. 

.82 

10.16 

2.75 

.0108 

.0242 

.0192 

.0060 

.19 

.0110 

.0003  .42 

25104 

Oot.  18 

V.tUght. 

Slight. 

.42 

9.25 

8.20 

.0006 

.0190 

.0164 

.0020 

.19 

.OUO 

.0006, .70 

26392 

Nov.  15 

SUght. 

Cons. 

.87 

7.55 

2.45 

.0018 

.0194 

.0162 

.0082 

.10 

.0140 

.0001;. 62 

25716 

Deo.  20 

SUght. 

Cons., 
floo. 

.25 

8.55 

1.86 

.0038 

.0056 

.0168 
.0187 

.0124 

.0044 

.18 
.14 

1.0240 
.0142 

.0004 
.0008 

;.« 

AVtt- 

.86 

7.99 

2.88 

.0150 

.0087 

1 

5.8 

Odor,  generaUy  faintly  muBty,  aometimeB  vegetable,  beeoming  stronger  and  aometlmeB  alao  napleaB- 
ant  on  heating.  — ~  The  aamples  were  ooUeeted  from  the  river  at  Hathaway  bridge,  above  the  tfatekly 
■ettled  portion  of  the  elty. 
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Chemical  Examinaiion  of  Water  from  the  Wat  Branch  of  the  Eousalonic  River,  at 

PiUsfield. 

[ftrU  pn  100,000.] 


onger  on  beatlDg.  ^^  The  laniplea  were 


Chemical  Examination  of  Water 

from 

the 

River,  at  PiUtfield. 

[Pun  p«r  100,000.] 

1 

1 

.„....„. 

Rmdci  oh 

T10». 

^«MO«U. 

,.„«„ 

. 

i 

1 
i 

1 

1 

ii 

1 

i 

1 

j 

1 

i 

ii 

IMS 

Mffi 

.iH 

lU.W. 

i.w 

■^ 

.U16U 

•"!■"" 

.11 

.000    |.18 

*■" 

At.     1 

11  ;,»™i,« 

.0041 

.ous 

J™ 

.13 

•  OITO 

0001'  M 

ni 

Odor  of  Ibe  lint  ninpls,  nona;  of  tha  Hcond,  Dona,  baeomlDf  dlnll;  nopleuuit  on  faaallod  of 

tha  third, dlMlnellr  aupleuanl;  of  tha  lul.filotl;  moalr. Tha  aampJaa  wen  oolleitcd  from  Ibc 

rl*ar,  at  tha  dm  road  eronlaf  abora  II*  aonfliUDcs  with  tha  North  Branch. 
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ChemiccU  ExamincUion  of  Water  from  the  EouscUonic  River  at  New  Lenox, 

[Parta  per  100,000.] 


^ 
^ 


a 


o 


21082 
22344 
22568 
22890 
28218 
28650 
23843 
24822 
24710 
26002 
25800 
25718 


At. 


18»8. 

Jan.  25 

Feb.  15 
Mar.  15 
Apr.  16 
May  17 
Jane  14 
July  19 
Aog.  16 
Sept.  20 
Oct.  18 
Not.  15 
Dee.  90 


Apfkaraxcb. 


2 

S 


a 

§ 


Decided. 

Decided. 

Decided. 

Slight. 

BUght 

Decided. 

Decided. 

Decided. 

Decided. 

V.  alight. 

Slight. 

Decided. 


Blight, 

floe. 
Coot. 

Cona. 

Cons.. 

earthy. 
Oona. 

HeaTT, 

earuy. 
Oona. 

Cona., 

iron. 
Oona. 

Oona. 

Oona. 

SUght. 


.20 
.29 
.88 
.25 
.29 
.40 
.80 
.21 
.21 
.82 
.28 
.20 


.27 


RBaZDITE  ON 

Evapora- 
tion. 


I 


1 


9.50 

8.85 

4.95 

8.50 

8.80 

7.65 

10.90 

11.70 

11.76 

10.26 

9.50 

11.00 


9.40 


2.35 
1.96 
1.66 
1.65 
2.00 
2.80 
2.66 
2.30 
2.66 
2.65 
2.25 
2.00 


AjfXOXXA. 


Albnmlnold. 

• 

1 

t 

i 

1 

a 

h, 

H 

o 

tt 

.0088.0148.0108 


2.17 


.0036.0184.0116 
.0084'. 0164  .0116 
.0006  .0188  .0110 
.0046  .0186'. 0182 
.0152  .0648  .0212 
.0662  .0800  .0188 
.0256.0288.0162 


.0162 
.0068 
.0084 
.0086 


.0106 


.0286'. 0160 
.0182I.0170 
.OI44L0II4 
.0166' .0108 


.0228.0141 

I 


.0040 
.0068 

.0088 
.0028' 
.0064 
.0886 
.0112 
.0126 
.0076 
.0012 
.0080 
.0058 


.0082 


.17 
.18 
.09 
.16 
.14 
.08 
.22 
.17 
.18 
.16 
.16 
.14 


NinoGur 
Aa 


I 


a 


e 

5 


s 


.0280.0004j 
.0260  .0004' 


.86 
.29 


.0100  .0008'  .38 
.0090  .0005  ,.34 
.0190.0004  .83 

t  !■ 

.0190:.0006i  .60 

I 
.0220.00061 


.0160 


.0080^ 


.0120'. 00161 


.15 


.42 
.20 
.34 


.0170.0007,!.48 
0290^.0004:1.34 
.0260 


.000911.25 

I 


7.1 

6.9 
3.8 
0.6 
6.8 
6.0 
7.6 
9.0 
8.1 
7.4 
6.7 
8.4 


.0178  .0008  !.87  i  6.4 


Odor,  moaty. 


Merrimack  Eiver. 

This  river  receives  the  unpurified  sewage  of  the  cities  of  Concord, 
Manchester  and  Nashua  in  New  Hampshire,  and  Lowell,  Lawrence 
and  Haverhill  in  Massachusetts.  The  population  of  these  cities  at 
the  time  of  the  last  census  was  as  follows :  — 


Concord, 
Maneheater, 

Naahna,  . 


17,004* 
44,126* 
19.311* 


Lowell, . 

Lawrence, 

Haverhfll, 


84,367t 
62,164t 
30,209t 


*  1890  cenana. 


t  1896cenBQa. 
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In  addition  to  the  sewage  of  these  cities,  which  are  situated  di- 
rectly on  the  main  stream  in  the  order  named,  the  river  receives 
much  pollution  from  cities  and  towns  situated  upon  its  tributaries. 
The  usual  monthly  examinations  of  the  water  of  this  river  just 
above  the  city  of  Lowell  and  just  above  the  city  of  Lawrence  have 
been  continued  during  1898,  detailed  results  of  which  may  be  found 
on  pages  248  and  233  of  this  volume. 

The  city  of  Lowell  is  situated  about  10  miles  above  the  city  of 
Lawrence,  and  the  sewage  from  the  former  city  is  discharged  di- 
rectly into  the  river  at  several  points  in  and  below  the  city.  In 
the  following  table  a  comparison  is  given  of  the  average  analyses 
of  samples  of  water  collected  from  the  river  above  Lowell  and 
Lawrence  during  1898  :  — 


Table  eomparing  the  Analyses  above  Lowell  uHlh  those  above  Lawrence^  1898, 

[Parts  per  100,000.] 


1 

BBfllDDS  ON 

SVAPORA- 

TIOM. 

AXIIOHIA. 

i 

KiTBOQXV 
AS 

1 

■ 

1 

SI 

r 

1 

Albamlnoid. 

p 

1 

Kltritei. 

3 

1 

1^ 

Kiimb«r  of  determinfttioiu  eom- 
pwwd, 

12 

.42 
.46 

.03 

12 

12 

12 

12 

12 

12 

12 

12 

1 

12 

12 

Mmd  of  •DAlyMs  ftboTe  Lowell, 

Mean  of  analyeee  above  Law- 

reoee, 

8.68 
8.00 

1.60 
1.03 

.0026 
.0060 

.0178 
.0212 

.0160 
.0100 

.0028 
.0048 

.178 
.217 

.0048 
.0068 

.0001 
.0008 

1.0 
1.1 

InereaeOf       .       .       •       » 

0.87 

0.07 

.0024 

.0089 

.0010 

.0020 

.044 

.0010 

.0002 

1 

0.1 

In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  shows  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years :  — 
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Increase  in  the  Amount  of  ImpurUies  in  the  Merrimae  Siver  Water,  Jrom  a  Point 
above  Lowell  to  Lawrefice,  as  determined  by  the  Regular  Monthly  Examines 
turns  of  Different  Years. 

[ParU  per  100,000.] 


1 

BMIDini  ov 

Stapora- 
nov. 

AmtOBXA. 

Chlorine. 

KlTBOOSir 

AB 

1 

• 

ft 

a 

0.09 

1 

1 

1 

•  t 

Albamlnoid. 

• 

i 

• 

DATB. 

^ 

« 

5 

•1 

B  A 

CO 

• 

• 

i 
1 

mm 

InerMMO,  1867-1889,     . 

0.01 

0.28 

.0007 

.0027 

.0017 

.0010 

1 
.026 

.0008* 

.0000 

• 

Increase,  1800,     . 

0.06 

0.62 

0.22* 

.0016 

.0028 

.0017 

.0006 

.028 

.0020* 

.0000 

1  0.2 

Inereaee,  1891,     . 

0.02* 

0.29 

0.07 

.0021 

.0028 

.0021 

.0002 

.086 

.0080* 

.0000 

l... 

Increase,  1892,     . 

0.06 

0.48 

0.12 

.0019 

.0087 

.0087 

.0000 

.039 

.0018* 

.0000 

0.0 

Increase,  1808,     . 

0.09 

0.47 

0.30 

.0031 

.0082 

.0081 

.0011 

.086 

.0002* 

.0001 

0.0 

Inereaae,  1894,     . 

0.03 

0.16 

0.04 

.0028 

.0082 

.0082 

.0000 

.040 

.0000 

.0000  ' 

1 

0.1 

Inereaae,  1895,     . 

0.11 

0.62 

O.SS 

.0022 

.0068 

.0046 

.0017 

.068 

.0005 

.0001 

0.1 

Increase,  1896,     . 

0.02 

0.61 

0.24 

.0084 

.0068 

.0047 

.0006 

.070 

.0017 

.0002 

1  0.2 

Increase,  1897,     •       . 

0.06 

0.90 

0.06 

.0019 

.0061 

.0083 

.0018 

.060 

.0000 

.0000 

0.1 

Increase,  1898,     . 

0.08 

0.87 

0.07 

.0024 

.0089 

.0019 

.0020 

.044 

.0010 

.0002 

;  0.1 

*  Decrease. 

The  average  flow  of  the  river  at  Lawrence,  for  twenty-foar  hoars,  daring  the  days  on  wUeh  sampke 
were  collected,  was  for  the  above  periods,  respectively,  at  the  rate  of  9,146, 9,948, 7,981, 6,484, 8,196, 5,419, 
11,684,  6,886, 8,280  and  9,402  cable  feet  per  seoond. 


Chemical  Examination  of  Water  from  the  Merrimack  Biver,  above  Haverhill. 

[Parts  per  100,000.] 


28868 
24686 


•a 

6 


1898. 

July  12 

Sept.  9 


Afpbabavok. 


I 


e 
» 

S 


O 


Deelded. 
V.sUght. 


Cons. 
Blight. 


.40 
.48 


Rbsidub  oh 

EVAPORA- 

TIOK. 

6 

o 

s 

mi 

m*^ 

£ 

^ 

4.86 

2.80 

6.46 

2.80 

AXXOBIA. 


Albomlnold. 

• 

1 

• 

1 

•2 

1 

t 

»N 

H 

S 

CB 

.0140 
.0066 


.0884 
.0294 


.0242 
.0282 


.0002 

.0062 


a 
o 


.40 


KiTBOOSX 

▲8 


s 

5 


.0070 
.0070 


.0006 
.0008 


0 

o 


.64 

.66 


! 

e 


1.3 
1.4 


were  cot 


Odor,  faintly  mosty,  becoming  stronger  In  the  last  sample  on  heating. The  samples 

looted  from  the  river,  aboat  a  mile  above  the  Boston  ft  Maine  railroad  bridge.    The  samples  were 
up  of  several  eqnal  portions  collected  at  different  points  In  the  river. 
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Chemicat  ExaminaUon  of  Water  from  the  Merrimack  Biver,  below  Haverhill. 

[Part*  per  100,000.] 


I 

i 


1 


28864 

24687 


18»8. 

Jaly  12 

Sopt.    9 


AfTMAMAXOK. 


^ 

S 


C 

I 

I 


DleUnot. 
V.eUgfat. 


Cods. 
Cods. 


i 


.40 
.64 


Rbsidds  om 

EVAPOIA- 
TIOK. 


I 


I 

6*5 


4.70 
6.06 


2.10 
2.76 


Ammovia. 


Albamlnold. 


I 


I 
I 


•  S 

0  O. 
00 


.0122 
.0110 


.0804 
.0800 


.0214 

.0286 


.0090 
.0070 


O 


.84 

.40 


KXTBOQUr 
A8 


.0080 
.0070 


.0004 
.0004 


■8 
a 

B 

I 

a 

I 

O 


.49 
.71 


8 


1.8 
1.7 


Odor  of  the  first  sample,  none;  of  tlie  last*  none,  becoming  faintly  mnsty  on  beating. The 

samples  were  collseted  from  the  river,  at  the  bridge  between  Haverhill  and  Oroveland.    The  samples 
were  made  op  of  four  equal  portions  eolleeted  at  different  points  in  the  river. 


Miller's  River. 

Chemical  Examination  of  Water  from  Miller* s  River,  at  Orange. 

[Parte  per  100,000.] 


1 
1 

1 

Appbaxaxcx. 

Rksidcb  on 
Evapora- 
tion. 

AXMONIA. 

• 

s 

1 

.22 

NmOGBK 
AS 

1«         Oxygen  Contnmed.   1 

• 

s 

a 

1 

i 
§ 

0.90 

t 

Lost  on 
Ignition. 

1 

Albamlnold. 

i 

i 

S 

1 

■ 

1 

i! 

00 

§ 

c 

■s 

& 

21800 

1898. 

Jan.  18 

V.sUght. 

Slight. 

4.00 

1.96 

.0092 

.0208 

.0194 

.0014 

1 
.0090 

.0001 

1.1 

22340 

Feb.  17 

y.sUght. 

Slight. 

0.97 

3.86 

1.60 

.0140 

.0190 

.0172 

.0018 

.22 

.0080 

.0000 

0.78 

0.6 

22588 

22047 

Mar.  15 
Apr.  22 

Decided. 
V.  slight. 

Oons* 

earthy. 
Slight. 

0.68 
1.00 

8.26 
8.05 

1.25 
1.45 

.0024 
.0012 

.0182 
.0188 

.0144 
.0166 

.0088 

.0082 

.18 
.15 

.0060 

1 
.0080 

.0000 
.0002 

0.65 
0.74 

0.6 
0.6 

28221 

May  17 

V.sllght. 

Slight. 

1.12 

2.95 

1.86 

.0118 

.0282 

.0196 

.0086 

.18 

.0020 

.0000 

0.87 

0.8 

23578 

June  14 

flight. 

Cons. 

0.98 

8.75 

2.00 

.0326 

.0292 

.0224 

.0068 

.16 

.0010 

.0001 

0.83 

0.8 

24010 

July  22 

V  slight. 

Slight. 

0.69 

8.45 

1.85 

.0166 

.0266 

.0220 

.0046 

.15 

.0010 

.0001 

0.76 

0.8 

24346 

Aug.  16 

Slight. 

Ck>ns. 

0.76' 

8.96 

2.00 

.0090 

.0278 

.0266 

.0022 

.25 

.0010 

.0008 

0.78 

0.6 

24740 

Sept.  22 

Blight. 

Cons. 

0.90 

4.25 

2.20 

.0080 

.0280 

.0244 

.0036 

.18 

.0030 

.0002 

1.05 

0.8 

26158 

Oct.   25 

V.sllght. 

Slight. 

1.08 

6.10 

8.00 

.0044 

.0272 

.0246 

.0026 

.13 

.0020 

.0001 

1.87 

0.6 

25650 

Dee.  13 

V.sllght. 

Cons. 

0.65 
0.88 

3.50 

1.60 

.0026 
.0102 

.0228 

.0152 

.0076 

.0088 

1 

.14 

.17 

.0080 
.0040 

.0002 
.0001 

0.76 
0.84 

0.6 

Av.. . 

1 

1 

8.74 

1.88 

.0288 

.0200 

0-7 

Odor,  vegetable. The  samples  were  collected  from  the  river,  about  a  mile  below  the  central 

portion  of  the  village  of  Orange. 
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Nashua  River. 


The  North  Branch  of  tho  Nashua  River  receives  the  unpurified 
sewage  of  the  city  of  Fitchburg,  which  had  in  1895  a  population  of 
26,409,  and  of  the  town  of  Lancaster,  which  had  in  1895  a  popula- 
tion of  9,211.  The  South  Branch  of  the  river,  at  Clinton,  is  used 
as  one  of  the  sources  of  supply  of  the  Metropolitan  Water  District, 
and  analyses  of  samples  of  water  from  the  river  at  this  point  and 
of  Stillwater  and  Quinepoxet  rivers,  its  two  principal  tributaries, 
may  be  found  on  pages  137  and  138  of  this  volume.  Below  the 
point  where  the  water  is  taken  for  the  Metropolitan  Water  District 
the  South  Branch  receives  sewage  from  the  town  of  Clinton,  having 
in  1895  a  population  of  11,497. 


Chemical  Examination  of  Water  Jrom  the  North  Branch  of  the  Nashua  Biver^ 

above  Fitchburg, 

[ParU  p«r  100,000.] 


21000 
S2216 
22680 


28108 
28688 
23002 
24406 
24701 
26066 
26400 
29720 


Ay. 


t 

m 


1899. 

Jan.  19 

Feb.  16 
Mar.  16 
Apr.  SO 
May  17 
June  14 
July  19 
Aug.  28 
Sept.  20 
Oot.  18 
Not.  16 
Deo.  20 


Afpbabavcx. 


i 


I 


V.sliffht. 
V.tUght. 
V.  slight. 
V.ellght. 
V.ellgfai. 
Blight. 
Slight. 
V.  slight. 
V.  alight. 
V.  slight. 
V.  slight. 
V.  alight. 


Slight. 

BUght. 

Blight. 

V.allght. 

Oons. 

Coos. 

Slight. 

V.sUght. 

BUght. 

V.slight. 

V.  slight. 

V.slight. 


0.68 
0.69 
0.60 
0.60 
0.08 
1.02 
0.60 
0.06 
0.68 
0.79 
0.47 
0.48 


O.60 


RasiDUa  CM  I 
Byapobjl- 

TIOH. 


8.40 
8.20 
2.86 
2.80 
8.26 
8.80 
8.10 
6.00 
8.90 
8.80 
8.78 
8.26 


8.47 


S 


1.86 
1.80 
1.60 
1.80 
1.60 
1.66 
1.60 
2.80 
1.00 
2.06 
1.68 
1.60 


1.67 


Ajcxovia. 


I 


.0004 
.0010 
.0008 
.0018 
.0010 
.0026 
.0014 
.0082 
.0010 
.0006 
.0004 
.0004 


.0012 


AltramlnokL 


o 
H 


t 
I 


.0184 
.0188 
.0180 
.0140 
.0174 
.0290 
.0214 


.0122 
.0182 
.0122 
.0122 
.0164 
.0244 
.0186 


.0290.0264 


.0248.0220.0028 


.0012 
.0006 
.0006 

.0018 
.0010 
.0046 
.0028 
.0026 


.0190  .0182 


.0188 


.0008 


.0120.0012 


0102.0006 


.0182  .0166  .0017 


.0006 


a 


.26 
.20 
.11 
.16 
10 
IS 
00 
18 
18 
22 
16 
16 


17 


NiT*o«av 

AS 


I 

s 


• 


.0180 
.0070 
.0040 
.0000 
.0020 
.0060 

0060 
.0020 
.0000 
.0020 
.0020 

0070 


.0042 


.0001 
.0000 
.0000 

I 
I 

.0000 
.0000 
.0001 
.0001 
.0000 
.0001 
.0000 
.0000 
.0008 


i 

a 

a 

a 

a 
k 

8 


.0001 


O.iS 
0.66 
0.67 
0.4 

o.n 

0.86 
0.68> 
1.20 
0.66 


'O.M  1.0 


,0.60j 

I 


1.4 
0.6 
1.1 
0.8 
0.8 
0.8 
0.6 
0.7 
0.8 


0.8 


|0.48  0.6 


0.71 


0.8 


Odor,  Tegetable  or  nonot  aometimes  masty.    On  heating,  the  odor  of  all  of  the  samples  became 

vegetable  or  musty. The  aamples  were  collected  from  the  river,  a  short  distance  above  the  Snow 

mill  pond. 
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NASHXTA  BIVEB, 

ChemietU  ExaminaUon  of  Water  from  Ote  North  Branch  of  the  IfaahtM  Biver, 

below  Fitehburg. 

[Parts  per  100,000.] 


• 

Appsaiamcs. 

1  Bbsidub  on 

BVAPORA- 
TIOW. 

1 

Ammonia. 

• 

a 
O 

NlTEOOBN 
A8 

1 

p 

1 

& 

1 

1 

1 

• 

d 
% 

9*** 

• 

Albuminoid. 

1 

• 

I 

• 

1 

• 

1 

• 

1 

1 

1^^ 

1 
1 

n 

21919 
28217 
28560 

28981 
28199 
23589 
28908 

24408 

24702 

25057 
25401 
25721 

189S. 

Jan.  19 
Feb.  15 
Mar.  15 

Apr.  20 
May  17 
June  14 
July  19 

Aug.  28 

Sept.  20 

Oct.  18 
Nov.  16 
Deo.  20 

Deelded. 

Blight. 

Decided. 

Deelded. 
Decided. 
Decided. 
Deelded. 

Decided. 

Decided. 

Decided. 
Decided. 
Decided. 

Cods. 

Blight. 

Gone., 

earthy. 
Heavy. 
Gone. 
Heavy. 
Heavy, 

earthy. 
Cone., 

Hoc. 
Heavy, 

floe. 
Cons. 
Cons. 
Heavv. 

floo. 

.50 
.48 
.45 

.55 
.55 
.55 
.52 

.67 

.56 

.62 
.48 
.88 

.51 

7.00 
4.75 
8.10 

5.85 
8.95 
5.05 
7.55 

7.45 

0.55 

6.50 
5.15 
5.75 

8.60 
1.75 
1.10 

1.75 
1.45 
2.05 
2.30 

2.40 

8.05 

2.40 
2.00 
2.25 

.0424 
.0848 
.0088 

.0040 
.0060 
.0384 
.1660 

.0854 

.1305 

.0822 
•0114 
.0238 

% 

.0435 

.0508 
.0858 
.0180 

.0876 
.0874 
.0648 
.0935 

.0700 

.0670 

.0454 
.0880 
.0886 

.0467 

.0338 
.0106 
.0144 

.0200 
.0176 
.0840 
.0480 

.0488 

.0470 

.0868 
.0256 
.0344 

.0808 

.0164 
.0062 
.0036 

.0076 
.0098 
.0808 
.0446 

.0212 

.0200 

.0092 
.0124 
.0092 

.0150 

.69 
.40 
.19 

.38 
.84 
.49 
.68 

.54 

.77 

.55 
.40 
.89 

.48 

.0180 
.0160 
.0060 

.0130 
.0060 
.0080 
.0070 

.0150 

.0120 

.0060 
.0100 
.0240 

.0005 
.0003 
.0003 

.0008 
.0003 
.0006 
.0088 

.0024 

.0028 

.0009 
.0005 
.0001 

.82 

.51 
.46 

.67 
.54 
.57 
.69 

.98 

.61 

.89 
.62 
.52 

2.2 
1.8 

0.8 

1.0 
1.1 
1.7 
1.8 

1.0 

2.8 

1.6 
1.6 
1.6 

Av... 

6.00 

2.09 

.0117 

.0009 

.64 

1.6 

Odor,  generally  distinctly  musty,  sometimes  earthy  and  unpleasant  or  disagreeable,  becoming 

strooger  oo  heating. The  samples  were  collected  from  the  river,  about  half  a  mile  below  the  point 

where  water  from  the  tall-raoe  of  the  Falulah  Paper  Company  enters  the  stream. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River,  just 
above  its  Confluence  with  the  South  Branch  at  Lancaster, 

[Parts  per  100,000.] 


Bksiduk  on 

1 

"^"^ 

1 

• 

^^ 

Appiaxancs. 

EVAPOKiL- 

Ammonia. 

NiTBOOBN 

1 

I 

"s 
s 

TION. 

1 

AS 

s 

at 

1 

a 

1 

«j 

1 

H 

Loss  on 
Ignition. 

1 

1 

Albuminoid. 

Nitrates. 

Nitrites. 

• 

1 

Dissolved. 

Sus- 
pended. 

• 

1908. 

21011 

Jan.   10 

Blight. 

Cons. 

.40 

4.65 

1.50 

.0138 

.0286 

.0178 

.0068 

.48 

.0170 

.0004 

.42 

2.1 

22247 

Feb.  17 

Decided. 

Consn 
earthy. 

.45 

4.95 

1.75 

.0110 

.0274 

.0174 

.0100 

.41 

.0170 

.0008 

.48 

1.1 

22600 

Mar.  17 

Decided. 

Cons., 
eartny. 

.40 

8.85 

1.50 

.0058 

.0172 

.0186 

.0086 

.26 

.0060 

.0001 

.39 

1.0 

22944 

Apr.  22 

Blight. 

Cons., 
earthy. 

.40 

4.80 

1.20 

.0070 

.0186 

.0150 

.0030 

.88 

.0090 

.0004 

! 

.44 

1.0 

28200 

May  18 

Slight. 

Cons. 

.59 

4.70 

1.70 

.0108 

.0272 

.0106 

.0076 

.42 

.0130 

.0004 

.47 

1.8 

28577 

June  15 

Decided. 

Cons. 

.50 

5.85 

1.85 

.0878 

.0888 

.0246 

.0093 

.62 

.0060 

.0015 

.49 

1.6 

2M74 

July  20 

Decided. 

Cons. 

.51 

6.40 

2.30 

.0492 

.0826 

.0880 

.0046 

.54 

.0660 

.0062 

.56 

l.T 

94720 

Sept.  21 

Decided. 

Cons. 

.44 

6.75 

2.15 

.0356 

.0372 

.0264 

.0108 

.62 

.0240 

.0032 

.48 

1.8 

256«8 

Dee.  16 

Decided. 

BUght. 

.29 

4.70 

1.70 

.0108 
.0282 

.0834 
.0868 

.0178 
.0200 

.0062 
.0068 

.88 
.44 

.0810 

1 

.0004 

.50 
.46 

1.7 

Av... 

.45 

5.07 

1.74 

.0168 

1 

.0013 

1.8 

Odor,  musty  or  unpleasant,  sometimes  earthy  or  disagreeable. The  samples  were  colleeted  from 

the  river,  at  the  railroad  bridge,  a  short  distanoe  above  Its  mouth. 
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KASHUA  RIVEB. 

Chemical  ExamiruUion  of  Water  from  the  South  Branch  of  the  Nashua  Biver^just 
above  its  Confluence  with  the  North  Branch  at  Lancaster^ 

[Phrtfl  p«r  100,000.] 


S 


21012 
22248 
22000 
22046 
28210 
28670 
23075 
24348 
24721 
25003 


At. 


a 


o 


1888. 

Jan.  10 

Feb.  17 
Mar.  17 
Apr.  22 
May  18 
Jnne  15 
July  20 
Ang.  17 
Sept.  21 
Dee.  10 


Appxarahcs. 


0 

a 

1 


•s 


Slight. 

Dedded. 

Decided. 

V.  slight. 

BUgfat. 

Decided. 

Decided. 

Deelded. 

Decided. 

Slight. 


Cons. 

Cons., 

earthy. 
Cons., 

earthy. 
SUght. 

Slight. 

Cons. 

Cons. 

Cons. 

Cons. 

Slight. 


.40 
.48 
.40 
.62 
.00 
.42 
.62 
.66 
.47 
.42 


.60 


Rksidub  o> 

EVAPOKA- 

TION. 

* 

• 

1 
§1 

§ 

•  «« 

4.10 

1.75 

4.26 

1.65 

2.46 

1.00 

3.85 

1.25 

8.50 

1.70 

8.86 

1.65 

7.25 

2.20 

5.85 

2.35 

ofoo 

3.00 

4.80 

1.00 

4.77 

1.81 

AMMOnA. 


Albominold. 

• 

1 

t 

p 

1 

• 

1 

a 

hi 

H 

o 

OB 

.0084 
.0060 
.0084 
.0020 
.0070 
.0072 
.1282 
.0020 
.1550 
.0174 


.0327 


.0180 
.0104 
.0144 
.0184 
.0204 
.0248 
.0452 
.0812 
.0680 
.0188 


.0260 


.0140 
.0182 
.0114 


.0084 
.0062 
.0060 


.0152  .0082 

.0164.0040 

I 

.0108.0080 
.0828.0124 
.0272^0040 
.0466.0166 
.0118  .0020 


i 


.20 
.27 
.18 
.82 
.27 
.26 
.65 
.28 
.66 
.25 


.0206.0003  .33 

I  II 


Nmooaw 

9 

AS 

8 

• 

s 

o 

• 

O 

i 

1 

a 

1 

X 

^ 

O 

I 

1 

.0170  .0008 
.0170  .0001 
.0080.0001 
.0080.0003 
.0080.0003 

I 

.0070  .0003 
.0020.0048 
.0020.0002 


.0010 
.0330 


.0008 


.0036' 
.0005; 


.0010 


.46 
.42 
.42 
.46 
.44 
.88 
.56 
.75 
.50 
.41 


.48 


I 

a 


2.0 
1.0 
0.6 
1.1 
1.1 
1.0 
1.8 
1.1 
2.1 
1.4 


1.8 


Odor,  mnsty  and  unpleasant  or  disagreeable. The  samples  were  collected  from  the  river,  at  the 

Atherton  bridge,  a  short  distance  aboye  Its  month. 


Nemasket  River. 
Chemical  Examination  of  Water  from  the  Nemasket  Biver^  below  MiddUborough, 

[Parte  per  100,000.] 


• 

a 

1 

o 
S 

& 

Apfbasarck. 

Rbsidub  ok 

EVAPORA- 
TIOK. 

AmcoxTA. 

• 

S 

.63 
.49 

.a 

1 

NlTSOOKM 
AS 

• 

a 

■ 

1 
1 

>» 

N 

o 

1 

*i 

• 

1 

liOss  on 
Ignition. 

1 

1 

Albamlnold. 

Nitrates. 
Nitrifies. 

1 

1 

Dissolved. 

Sus- 
pended. 

• 

8 

28503 
23010 
24286 

1888. 

Jnne  15 

July  18 
Ang.  15 

V.  slight. 
V.  slight. 
V.  slight. 

SUght. 
Slight. 
V.sUght. 

0.02 
1.10, 
1.80 

1.27 

3.80 
5.00 
5.00 

1 

2.00 
3.00 
8.60 

.0016 
.0024 
.0052 

.0031 

.0280.0200 

1 

.0308.0278 

1 

.03M.0356 
.0301  .0978 

.0030 
.0080 
.0008 

t                  1 

) 
. 0020'. 0000  <0. 76 
.0020'.0000  1.32 

.0000  .0001  ,2.02 

1 

!■ 
.OOIS  .0000  i-» 

0.6 
1.0 
1.0 

AVm  *. 

1 

4.00 

2.83  1 

.0023 '.AR 

0.0 

1 

1 

1 

! 

1        1 

Odor  of  the  second  sample,  faintly  musty,  becoming  stronger  on  headng;  of  the  others,  dlsUneUy 
vegetable. The  samples  were  collected  from  the  river,  at  Muttock  Dam. 
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NBPONSBT  SIVSB. 


Neponset  Rivek. 

Chemical  Examinaiion  of  Water  Jrom  the  Neponset  River,  at  Hyde  Park. 


[Parts 

per  100,000.] 

• 

a 
o 
s 

St 

i 

Appbabamgk. 

Bksidub  ov 
Evapora- 
tion. 

Ammonia. 

6 
1 

0.84 
0.68 

NZTROOBN 
AS 

■ 

1 
1 

M 

o 

• 

1 

a 
H 

1 

1 

^ 

Loss  on 
Ignition. 

i 

ft* 

Albuminoid. 

1 

i 

i 

i 
§ 

5 

i 
1 

Sus- 
pended. 

i 

n888 
2SS14 

1888. 

Jan.  18 

Feb.  16 

Decided. 
V.sHght. 

Cons., 

floe. 
V.  slight. 

1.00 
0.70 

6.66 
6.10 

2.45 
1.76 

.0016 
.0006 

.0284 
.0210 

.0244 
.0186 

.0040 
.0024 

.0160 
.0180 

.0003 
.0001 

0.80 
0.68 

2.8 
2.2 

82662 

Mftr.  16 

Blight. 

Cons. 

1.00 

4.00 

2.06 

.0012 

.0276 

.0260 

.0026 

0.70 

.0010 

.0001 

0.91 

1.8 

S200Q 

Apr.  20 

Decided. 

Cons. 

1.05 

6.00 

2.86 

.0028 

.0280 

.0246 

.0084 

0.76 

.0060 

.0001 

0.87 

2.9 

28186 

May  17 

Decided. 

Cons. 

1.20 

6.60 

2.26 

.0134 

.0840 

.0276 

.0064 

0.75 

.0080 

.0001 

0.90 

1.8 

28641 

Jane  14 

Slight. 

Heavy. 

1.80 

6.96 

8.20 

.0200 

.0552 

.0420 

.0182 

0.66 

.0080 

.0002 

1.31 

2.8 

28M6 
24800 

July  20 
Aug.  16 

Decided. 
Slight. 

Cons., 

floe. 
Cons. 

1.80 
1.76 

10.70 
8.85 

4.10 
4.40 

.0188 
.0054 

.0668 
.0528 

.0644 
.0478 

.0124 
.0050 

1.66 
0.61 

.0080 
.0020 

.0001 
.0000 

1.57 
1.74 

8.8 
2.0 

24608 

Sept.  20 

Decided. 

Cons. 

0.86 

13.10 

8.85 

.0484 

.0602 

.0874 

.0228 

1.60 

.oooo'.oooi 

0.89 

4.7 

26664 

Got.  18 

Blight. 

SUght. 

1.00 

7.86 

2.86 

.0066 

.0408 

.0822 

.0086 

0.96 

.0030,. 0008 

1 

1.17 

2.2 

26878 

Not.  15 

Slight. 

V.sUght. 

1.00 

6.60 

2.70 

.0024 

.0274 

.0260 

.0024 

0.66 

.0080.0000 

l.U 

1.7 

26706 

Dee.  20 

Slight. 

Cons. 

0.70 

6.40 

2.70 

.0004 
.0007 

.0218 

.0186 

.0082 

.007'J 

0.72 

0.8S 

.0200.0005 
.0060  -nnM 

0.88 
1.06 

2.0 

Av.. . 

1.11 

7.29 

2.80 

.0887 

.0815 

2.4 

1 

1 
■         i 

Odor,  distinctly  mnsty  and  sometimes  nopleasant  or  disagreeable. The  samples  were  collected 

from  the  river,  opposite  tne  works  of  the  Hyde  Park  Water  Company,  above  the  thiclcly  settled  portions 
of  the  town  of  Hyae  Park. 

QuiNEBAUG  River. 
Chemical  Examination  of  Water  from  the  Quinebaug  River ^  below  Southbridge, 

[Parts  per  100,000.] 


i 

5 
"s 

AFTBAKANCB. 

Bbsidcb  on 
Evapora- 
tion. 

Ammonia. 

• 

1 

.20 
.19 
.16 

.18 

* 

NlTROGBN 
AS 

• 

1 

9 

■ 

1 

a 

1 

O 

"3 

• 

1 

Loss  on 
Ignition. 

• 

o 

Albuminoid. 

1 

1 

m 

s 

i' 

a 
z 

• 

1 

1 

s 

si 

00 

s 

1  s 

o  '  u 

28621 
23017 
24299 

1888. 

Jnne  18 

July  18 
Aug.  16 

Decided. 

SUght. 

Decided. 

Cons. 
Cons. 
Cons. 

.60 
.55 
.86 

.64 

3.66 
4.00 
4.90 

1.76 
2.00 
2.25 

.0080 

.0064 

1 

.0048 

1 

1 

j.0064 

.0292 
.0860 
.0464 

.0264 
.0236 
.0438 

.0300 

.0038 
.0124 
.0026 

.0063 

.0060 
.0050 
.0040 

.0050 

.0002 
.0004 
.0002 

.0003 

.45 
.56 
.98 

06 

1.0 
1.0 
1.1 

A.Vm  m  m 

4.18 

2.00 

.0372 

0.8 

1 

1 

Odor,  faintly  musty  or  nopleasant. The  samples  were  collected  from  the  river,  between  the 

villages  of  Soothbridge  and  Banndersdale. 
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SAIilSBTJBT  FIiAIN  BIVEB. 

Salisbury  Plain  River. 

Chemieal  ExamincUion  of  Water  Jrom  Salisbury  PUUn  Biver,  beiaw  Brockton. 

[Perte  per  100,000.] 


• 

a 
o 

1 

o 

1 

Afpkabahcb. 

BBSIDDS  09 

EVAPOBA- 

TIOK. 

AMMonA. 

• 

1.88 
1.25 
0.70 

1.00 

NiTBoani 

AS 

1 

1 

• 

^ 
1 

• 

■ 

• 

? 

1 

Albomlnold.     | 

i 

Number. 

■ 

a 

o 
H 

t 
1 

9 

00 

1 

2, 

s 

28508 
88018 
S4204 

18M. 

Jane  13 

jQly  18 
Ang.  15 

Slight. 

Decided. 

Slight. 

Gone. 

Slight. 

Cone. 

1.12 
0.72 
1.05 

0.06 

0.50 

10.40 

7.80 

8.25 
8.05 
8.55 

.0888 
.1040 
.0288 

.0715 

.0416  .0876  .0040 
.0256  .0224  .0082 
.0486  .0806  .0000 

.0386  .0882  .0054 

.uoo 

.1300 
.0860 

.0017 

.0025 
.0048 
.0060 

.0061 

0.66 
0.77 
1.22 

2.9 
8.0 
1.8 

Av... 

0.28 

8.58 

0.88 

2.6 

Odor,  distinctly  mnstv  and  dlsagreeeble. The  samples  were  collected  from  the  river  below  Plain 

Street  bridge  and  above  the  sewage  pumping  station. 


Taunton  River. 

Chetnical  Examination  of  Water  from  the  Taunton  Biver^  below  TaufUon. 

[Peru  per  100,000.] 


I 

9 
9Ki 


21880 
22106 
92580 
22878 
28169 
28622 
28911 
24818 
24078 
25040 
26866 
86504 


Ay. 


I 


o 


1898. 

Jan.   17 

Feb.  14 
Mar.  14 
Apr.  18 
liay  16 
June  21 
Jnly  18 
Ang.  16 
Sept.  19 
Oct.  17 
Nov.  14 
Deo.  12 


Appsaxavob. 


32 

B 


6 
9 


I 


SUght. 
Decided. 
Slight. 
SUght. 
V.  slight. 
V.  alight. 
SUght. 
SUght. 
V.  slight. 
V.  slight. 
SUght. 
V.sUght. 


Cons. 

Gone.. 

eartoy. 
Cons. 

Cons. 

Cons. 

SUght. 

Cons. 

Cons. 

Cons. 

V.sUght. 

SUght. 

V.sUght. 


1.10 
1.05 
1.18 
1.80 
1.70 
1.80 
1.44 
2.40 
1.20 
1.27 
1.56 
1.00 


1.89 


Rbsidub  ov 

BVAPOKA- 

Tioir. 

« 

5 

• 

1 

Lost  on 
Ignlt 

6.10 

2.50 

5.20 

2.10 

4.50 

2.15 

4.75 

2.85 

4.00 

2.40 

5.60 

2.95 

6.46 

8.16 

8.26 

4.90 

6.46 

2.60 

6.80 

8.20 

6.80 

8.00 

6.40 

2.60 

5.89 

2.82 

Ajocoxia. 


AlbamlnoM. 

m 

1 

1 

• 

1 

a 

h 

H 

s 

CO 

.0134 
.0112 
.0066 
.0060 
.0078 
.0084 
.0090 
.0112 
.0178 
.0108 
.0064 
.0046 


.0096 


.0256.0224 

.0260.0218 

.0256.0282 

.0246.0282 

I 
.02841.0268 

I 

.0836.0800 
.0874.0856 
.0682|.0452 
.0208*  .0276 
.0264.0848 


.0268 
.0174 


.0296 


.0266 
.0162 


.0260 


.0082 
.0042 
.0024 
.0014 
.0016 
.0086 
.0018 
.0060 
.0022 


c 

-c 

o 

S 
u 


.80 
.67 
.68 
.61 
.62 
.69 
.49 
.48 

.oC 


.0016  .68 


.0012 
.0012 


.0027 


.56 
.72 


.64 


NtTBOOBH 


m 


s 
5 


.0170 
.0080 
.0060 
.0080 
.0080 
.0070 
.0070 
.0040 
.0190 
.0160 
.0080 
.0140 


.0087 


.0007 
.0001 
.0001 
.0002 
.0002 
.0004 
.0008 
.0004 
.0002 
.0004 
.0008 
.0002 


.0008 


« 

8 

s 
« 
e 
o 

I 

M 

o 


0.86 
0.83 
0.02 
1.00 
1.16 
1.82 
1.68 
2.85 
1.04 
1.34 
1.52 
1.03 


1.84 


2.0 
0.8 
1.1 
1.1 
0.8 
1.6 
1.0 
1.1 
1.8 
1.8 
1.3 
1.8 


1.8 


Odor,  generally  vegetable,  sometimes  mnsty,  becoming  stronger  on  heating.  — —  The  aamples  were 
collected  from  the  river,  at  the  wharf  of  the  Taunton  Oas  Works,  below  the  bridge  at  Weir. 
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WAJEtB  RIVBB. 

Ware  Riveb. 
Chemical  Examination  of  Water  Jrom  Ware  River,  at  Cold  Brook  Station,  Barre. 

[Psrts  per  100,000.] 


■ 

1 
1 
& 

APPKAXAlfOB. 

Bbsidub  on 

EVAPOIA- 
TIO». 

AmroxiA. 

i 

.22 
.20 
.16 
.11 
.18 
.12 
.11 
.12 
.18 
.12 
.17 
.12  ' 

.14 

1 

NiTBOOn 

AB 

• 

m 
B 

I 

M 

o 

1 

■J 
2 

• 

^ 

• 

1 
!l 

1 

Albuminoid.    | 

i 
I 

9^ 

• 

• 

s 

1 

1 

00 

i 

21780 
22040 
22882 
22725 
28087 
28878 
28778 
24121 
24600 
248M 
26214 
26626 

1888. 

Jan.    3 
Jan.  81 
Feh.  28 
Apr.    4 
May    2 
Jnne  1 
Jnne  80 
Ang.   1 
Aug.  81 
Oct.    8 
Oct.  81 
Dee.    1 

BUght. 
V.  slight. 
Blight. 
V.sUght. 
V.  slight. 
V.  slight. 
y.  sllffht. 
Decided. 
V.sUght. 
V.sUght. 
V.sllghL 
V.sUght. 

BUght. 

BUght. 

Blight. 

V.sUght. 

BUght. 

Blight. 

BUght. 

Cons. 

V.  ■light. 

V.sUght. 

V.sUght. 

V.sUght. 

0.68 
0.60 
0.70 
0.60 
0.72 
1.28 
0.82 
0.62 
1.10 
0.78 
0.90 
0.66 

0.76 

8.60 
8.36 
8.06 
2.80 
2.66 
8.66 
3.66 
4.16 
4.60 
8.86 
4.10 
8.00 

1.40 
1.86 
1.86 
1.06 
1.16 
1.06 
1.86 
1.86 
2.60 
1.86 
2.10 
1.60 

.0018 
.0018 
.0014 
.0002 
.0002 
.0010 
.0026 
.0012 
.0016 
.0006 
.0008 
.0004 

.0011 

.0162 
.0164 
.0148 
.0116 
.0164 
.0260 
.0268 
.0268 
.0294 
.0240 
.0104 
.0122 

.0196 

.0146 
.0184 
.0128 
.0114 
.0186 
.0286 
.0288 
.0218 
.0272 
.0216 
.0182 
.0110 

.0177 

1 

.0006- 

.0020' 

.0020' 

.0002, 

.0018' 

.0024 

.0020' 

.0050 

.0022 

.0024 

.0012 

.0012 

.0019 

.0080 
.0070 
.0040 
.0000 
.0020 
.0000 
.0020 
1.0020 
1.0080 
.0000 
.0010 
.0040 

.0027 

.0000 

.0000 

.0000 

.0000 

.0001, 

.0001 

.0000 

.0000 

.0001 

.0000 

.0000 

.0001 

1 
1 

.oooo' 

0.66 
0.64 
0.62 
0.64 
0.62 
0.04 
0.84 
0.67 
1.47 
0.79 
1.08 
0.66 

1.8 
1.0 

0.6 
0.8 
0.6 
0.8 
0.8 
0.6 
0.8 
0.8 
0.6 
0.6 

At... 

8.61 

1.67 

0.76 

O.T 

Odor,  faintly  ▼egetable  or  none.  On  heating,  the  odor  of  all  of  the  samples  was  yegetable.  —  The 
samples  were  collected  from  the  river,  at  the  faUroad  bridge,  near  Gold  Brook  station,  in  the  sonth- 
easterly  part  of  the  town  of  Barre. 


Chemicdl  Examination  of  Water  from  Ware  Biver,  below  Ware. 

[Parts  per  100,000.] 


^"^ 

i  BMIDDB  OM 

• 

m 

a 

APPSABANOa. 

EVAPORA- 
TIOK. 

Akmoxia. 

1 

1 
1 

NirmooKx 

AS 

1 

• 
B 

5 
s 

s 

1 

B 

§ 
1 

1 

^ 

Loss  on 
Ignition. 

1 

Albamlnold. 

1 

1 

1 

s 

i 

t 
1 

5 

1 

a 

00 

t 

a 

1888. 

« 

21979 

Jan.  26 

SUght. 

Cons. 

.60 

8.80 

1.86 

.0020 

.0166 

.0134 

.0082 

.20  1 

.0090 

.0001 

0.60 

0.8 

22234 

Feb.  16 

Decided. 

Cons. 

.49 

8.10 

1.85 

.0002 

.0190 

.0180 

.0064 

.20 

.0100 

.0000 

0.46 

0.8 

22602 

Mar.  16 

SUght. 

Blight. 

.60 

2.75 

1.26 

.0010 

.0160 

.0126 

.0034 

.18 

.0030 

.0000 

0.44 

1.1 

22880 

Apr.  18 

Slight. 

Cons., 
earthy. 

.60 

3.06 

1.06 

.0006 

.0178 

.0156 

.0022 

.17 

.0030 

.0002 

0.50 

1.0 

28196 

May  17 

Slight. 

Cons. 

.80 

8.86 

1.86 

.0010 

.0264 

.0200 

.0064 

.19 

.0030 

.0001 

0.68 

0.8 

28678 

Jnne 14 

Decided. 

Cons. 

•62 

4.80 

1.66 

.0016  .0408 

.0268 

.01401 

.22  . 

.0080 

.0002; 

0.58 

1.1 

28084 

Jnly  19 

1 

BUght. 

Cons., 
floe. 

.68 

4.60 

1.80 

.0004 

.0408 

.0268 

.0140 

.22  ; 

1 

.0020 

.0002 

0.66 

1.0 

24827 

Ang.  16 

Decided. 

Cons. 

.82 

4.80 

1.76 

.0034 

.0860 

.0268 

.0092 

.18 

.0080 

.0004 

0.78 

1.1 

24700 

Sept.  20 

Decided. 

Cons. 

.70 

4.86 

2.40 

.0048 

.0882 

.0272 

.0060 

.19  1 

.0020 

.00051 

0.86 

1.0 

2S060 

Oet.  18 

Slight. 

V.sUght. 

.88 

4.86 

2.80 

.0030 

.0800 

.0270 

.0030 

.20 

.0080 

.oooi! 

1.06 

1.0 

26882 

Not.  16 

BUght. 

SUght. 

.66 

3.76 

1.86 

.0034 

.0196 

.0164 

.0082 

.16  i 

.0020 

.0002 

0.80 

0.6 

26ni 

Dee.  20 

Decided. 

Cons., 
earthy. 

.40 

3.86 

1.60 

.0094 

.0168 

.0146 

.0022 

.21  1 

1 

.0160 

.0004 

0.61 

0.8 

ATmm* 

.69 

8.87 

1.67 

.0026 

.0260 

.0200 

.0060 

1 

.»! 

.0048 

.0002 

0.64 

0.0 

Odor,  generally  faintly  musty  or  Tegetable»  sometimes  none,  becoming  stronger  In  some  of  the  sam- 
ples on  heating.  — —  The  samples  were  collected  from  the  rlTer,  at  the  Boston  ft  Maine  railroad  bridge. 
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WSSTFISIiD  BIVSB. 

Westfield  River. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  West 
Springfield,  with  reference  to  a  proposed  plan  for  pumping  the 
water  of  the  Westfield  River  into  the  pipes  of  the  public  water 
supply,  in  case  of  necessity,  for  the  purpose  of  extinguishing  fires, 
may  be  found  on  page  57  of  this  volume.  The  results  of  an  analy- 
sis of  a  sample  of  water  collected  at  the  point  from  which  it  was 
proposed  to  take  water  for  this  purpose  are  given  in  one  of  the  fol- 
lowing tables :  — 

Chemical  Examination  of  Water  from  Westfield  Biver,  above  Westfield. 

[Parts  per  100,000.] 


• 

a 

1 

1 

Appbasancs. 

Bbsidus  oh 

EVAPORA- 

1       nov. 

AinrowiA. 

1 

1 

Si 

.00 
.13 
.10 

.11 

Nrboobv 

AS 

Ozyffen  Consamed.    1 

«s 

1 

• 

1 

Loss  on 
Ignition. 

1 

Albamlnold. 

• 

i 

• 

1 

a 
% 

1 

Dissolved. 

Sas- 
pendod. 

i 
1 

Ed 

28512 
28030 
24811 

1898. 

June  13 

Jaly  18 
Aug.  15 

V.sUght. 
V.  slight. 
Blight. 

Blight. 
Blight. 
Blight. 

.27 
.14 
.88 

8.85 
4.55 
8.95 

1.15 
1.80 
1.05 

.0012 
.0028 
.0006 

.0015 

.0U8 
.0114 
.0158 

.0180 

.0104 
.0084 
.0116 

.0101 

.0014 
.0080 
.0042 

.0020 

.0030 
.0040 
.0010 

.0017 

.0002 
.0002 
.0000 

.0001 

i 

;.26 

.24 
•  .47 

.82 

1.4 
1.8 
l.T 

At... 

.25 

4.12 

1.08 

1.6 

Odor,  none,  beeoming  faintly  musty  or  vegetable  in  the  first  two  samples  on  beating.  — 
samples  were  oolleoted  from  the  river,  above  the  thickly  settled  portions  of  the  town. 

Chemical  Examination  of  Water  fiwn  Westfield  Biver^  below  Westfield. 

[Parts  per  100.000.] 


The 


Z 


I 

« 

1 

o 

s 

Q 


28518 
28061 
24812 


Av. 


1898. 

Jane  18 

July  18 
Aug.  15 


Appbabaxcb. 


S 


s 
« 

E 

•a 

CO 


o 

•s 


V.sUght. 
V.sUght. 
BUght. 


Cons. 

Blight. 

Blight. 


RBSID17S  OV 

EVAPOBA- 

TION. 


o 


a 
o 

§1 


.28   !  3.35 

I 


.10 
.38 


.24 


4.65 

i  3.95 


3.06 


1.85  I 
1.50  I 
1.70  ! 


1.52 


Ajcxobia. 


Albuminoid. 

• 

"8 

_  m 

• 

> 

^ 

s 

m 

1 

^1 

S 

6 

A 

ao. 

b. 

H 

Q 

OQ 

.0048 
.0002 
.0068 


.0060 


.0152 
.0128 
.0162 


.bl47 


.0106 
.0104 
.0130 


.0046 
.0024 
.0082 


.0113;.  0034 


& 


.11 
.18 
.12 


.14 


KiTBOGBK 

• 

A8 

m 

e 

© 

• 

1 

Z> 

1 

s 

rites. 

e 

1 

** 

*■ 

1     K 

iei 

^ 

'  o 

I 

I 
.00601.0002 

.017ol.0004! 

.0060  .0001 1 


27 

1.6 

18 

2.0 

48 

1.4 

.0087  .0002;. 81 


1.7 


Odor  of  the  first  sample,  faintly  musty;  of  the  second,  none,  becoming  faintly  vegoUble  on  heating; 
of  the  last,  none.  —  The  samples  were  collected  from  the  river,  below  the  thickly  settled  portions  of 
the  town. 
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"WBBTSTEJUD  BiVJUS. 

Chemical  ExaminaUon  qf  Water  from  the  Weetfield  Siver^  at  West  Springfield. 

rPvtoP«r  100,000.] 


M 


a 

I 


Aug.  16 


■ 

I 


V.  alight. 


I 


V.  alight. 


.86 


BBOIDTrS  OH 
BVAPOBA- 

noH. 


i 


6.40 


!l 


I 


1.86 


AjcxoaiA. 


.0084 


Altmmlnoid. 


I 


.0140 


I 

8 


00 


.0188 


.0008 


6 


.00 


NXTBOOBH 

▲a 


I 


I 


.0080 


.0001 


1 

a 

g 

M 

O 


.41 


i 


2.8 


Odor,  none. — The  aemple  waa  eolleeted  from  the  oanal  at  No.  1  paper  mill  of  the  Agawam  Paper 
Company,  in  the  village  of  lOttineagne. 
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07 


WATER  SUPPLY  STATISTICS; 


ALIO 


RECORDS  OF  RAINPALL  AND  FLOW  OF  STREAMS. 


[4U] 


SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


During  the  year  1898  a  public  water  supply  was  introduced  for 
the  first  time  into  the  towns  of  Billerica  and  North  Andover,  and 
important  changes  were  made  in  the  water  supplies  of  other  cities 
and  towns.  At  the  end  of  the  year  the  State  contained  32  cities 
and  321  towns,  and  of  these  all  of  the  cities  and  130  of  the  towns 
were  provided  with  public  water  supplies. 

The  following  table  gives  a  classification  by  population  of  cities 
and  towns  having  and  not  having  a  public  water  supply  Dec.  31, 
1898.     The  populations  are  taken  from  the  census  of  1895  :  — 


Population 
(18M). 


Namber  of 
Places  of  Olven 

PopaUitlon 
hsTliiffa  Pub- 
lic Water 
Supply. 


Uoder  600, 
500-1,000, 
l«000-l,fiOO, 
1,600-2,000, 
2,000-9,600, 
2,500-a,000, 
SJOOO'8,600, 
MOO-4,000, 
4,00(M,600, 
Abo^a  4,600, 

Totals, 


0 
4 

10 
0 

10 
8 

10 
0 
0 

06 


102 


Total 
Population  of 

Places 

to  Preceding 

Column. 


0 
3,801 
11,912 
16,722 
22,182 
22,444 
82,616 
21,788 
89,000 
2,068,708 


2,267,063 


Number  of 

Places  of  Olven 

Popnlatlon 

not  hatring  a 

Public 
Water  Supply. 


ToUI 
Population  of 

Places 

inPreoedlBff 

Column. 


86 
66 
88 

80 
18 
10 
7 
0 
1 
1 


101 


18,287 

42,608 

40,364 

61,764 

28,882 

27,047 

22,609 

0 

4,066 

6,089 


242.620 


From  the  totals  given  in  the  preceding  table  it  will  be  seen  that 
only  45.9  per  cent,  of  the  total  number  of  cities  and  towns  have 
public  water  supplies,  but  that  90.3  per  cent,  of  the  whole  popular 
tion  of  the  State  is  contained  within  these  cities  and  towns.  The 
number  of  people  to  whom  a  public  water  supply  is  available  is,  of 
course,  somewhat  less  than  the  total  population  of  the  municipalities 
supplied,  but  the  difference  is  not  large. 
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There  are  now  9  towns  having,  by  the  census  of  1895,  a  popula- 
tion exceeding  3,000  which  are  not  provided  with  a  public  water 
supply.     These  are  given  in  the  following  table :  — 


Towns. 

Population  In 
1899. 

Towys. 

Popnlatloii  io 

BUckftone 

BarDBtable 

BatCon, 

Tewlubary, 

Pepp«rell, 

6,030 
4,056 
8,420 
8,870 
8,821 

Dudley 

Obelmeford, 

Dartmoath, 

Deerfleld, 

3,208 

3,ias 

3,107 
3,007 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  was  first  in- 
troduced into  a  city  or  town :  — 


Tbaxs. 


PreiTioiie  to  1860, 

1860-1850, 

1860-1860, 

1870-1879, 

1880-1880, 

1800,  . 

1801,  . 

1802,  . 


Nomber  of 

Placet 
supplied. 


6 

4 

10 

44 

68 

4 

6 

1 


Yeabb. 


Snmbnot 

Place* 
nppHed. 


1888,  . 

1804,  . 

1805,  . 

1806,  . 

1807,  • 
1806,  . 

ToUl, 


8 
8 
5 
6 
2 
2 
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At  the  end  of  the  year  1898  all  of  the  32  cities  in  the  State,  hav- 
ing an  aggregate  population  of  1,640,503,  own  their  water  works. 
Of  the  130  towns  having  a  public  water  supply,  82,  with  a  popula- 
tion of  406,570,  own  their  works,  while  48,  having  a  population  of 
210,590,  are  supplied  by  private  companies.  The  total  population 
in  both  cities  and  towns  owning  their  works  is  2,047,073,  against 
210,590  in  those  supplied  by  private  companies. 

The  following  table  gives  statistics  with  regard  to  the  consump- 
tion of  water  in  the  cities  and  towns  in  this  State  where  such  records 
are  kept.  The  populations  for  1898  as  given  in  the  table  were  ob- 
tained by  adding  three-fifths  of  the  increase  in  population  from  1890 
to  1895  to  the  population  as  determined  by  the  census  taken  in  the 
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latter  year.  The  daily  consumption  of  water  per  inhabitant  has  been 
obtained  by  dividing  the  average  daily  consumption  by  the  esti- 
mated total  population  of  the  city  or  town  in  1898.  The  amount 
obtained  in  this  manner  is  somewhat  less  than  the  average  amount 
used  per  consumer,  because  there  are  in  all  cities  and  towns  a 
greater  or  less  number  of  people  who  do  not  use  the  public  water 
supply.  The  dilSerence  between  the  number  of  inhabitants  and 
consumers  would  account  to  a  large  extent  for  the  low  rate  per 
inhabitant  in  some  of  the  towns  where  works  have  been  in  operar 
tion  for  a  short  time  only,  and  where,  in  consequence,  water  has 
not  been  generally  introduced.  In  some  towns  the  population 
during  the  summer  months  is  much  greater  than  that  which  is 
shown  by  census  returns,  and  in  such  cases  the  consumption  per 
inhabitant  as  given  in  the  table  is  somewhat  higher  than  it  would 
be  if  allowance  were  made  for  the  increased  population  in  the 
summer. 


SUUistica  relating  to  the  Consumption  of  Water  in  Various  Cities  and  Towns. 


ClTT  OB  TOWH. 

Esti- 
mated 
Popula- 
tion in 

1S98. 

Average 

Daily 
Consump- 
tion. 

Gallons. 

18M. 

Daily 
Consump- 
tion per 
Inhabi- 
tant. 

Gallons. 

1899. 

Crrr  oi  Towv. 

Esti- 
mated 
Popula- 
tion in 

1S98. 

Areroge 
Daily 

Oonsump* 
tion. 

Gallons. 

1S9S. 

Daily 
Consump- 
tion per 
Inhabi- 
tant. 

Gallons. 

1899. 

MatropoUtao  Water 

IMatrlot. 
AMngtOD  and  Book- 

land. 
Amcalniry,     . 

7OT,T00 

9,882 

10,009 

79,274,000 
866,000 
206,000 

108 
86 

80 

Fairbaven,     . 
Fkll  Blyer,     . 
Foxborongh,  . 

8,689 

98,086 

8,891 

211,000 

8,186,000 

161,000 

69 
82 
45 

Aadorer, 

6,147 

810,000 

60 

Fnmingbam, 

9,676 

844,000 

86 

Attlaboroagh, 

8,716 

868,000 

41 

Franklin, 

6,819 

144,000 

27 

ATon,     • 

1.771 

40,000 

28 

(Hrdner, 

9,687 

729,000 

76 

Ayer, 

8.078 

94,000 

46 

Glonoeatar,    . 

80,847 

866,000 

28 

Baverly,  • 

12,807 

899,000 

78 

Grafton, . 

6,160 

84,000 

16 

Bralntree, 

6,689 

886,000 

69 

Groton,  . 

2,278 

67,000 

29 

Brldgawater  and  B . 

Brfdgewatar. 
Brockton, 

7,882 
36.088 

200,000 
1,012,000 

26 
28 

Hyde  Park,    . 
Ipswicb, . 

12,806 
4,889 

672,000 
69,000 

62 
14 

Brookline, 

18,601 

1,469,000 

79 

Lawrence, 

66,670 

8,806,000 

68 

Cambridge,    . 

88,612 

7,768,000 

88 

Lexington,     . 

8,679 

186,000 

87 

Oanton,  • 

4,696 

180,000 

88 

Longmeadow, 

626 

47.000 

76 

Cohaaaet, 

2,490 

78,000 

81 

Lowell,  . 

88,370 

6,726,000 

76 

Danvera  and  Mid- 

dlaton. 
Dadbana, 

0.406 
7.264 

686,000 
618.000 

68 
71 

Lynn  and  Sangns, . 
Manohestor,   . 

71,821 
1,928 

4,746,000 
167,000 

67 
87 

Xatton,  • 

!       4,427 

97,000 

22 

Mansfield,      . 

8,896 

186,000 

,        86 

i 
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BtaUsUes  relating  U>  the  Cotutimptton  of  Water  in  Various  Cities  and  Toums  — 

Concluded. 


ClTT  0«  TOWUf 

Esti- 
mated 
Popula- 
tion In 

1898. 

Average 

Dally 
Consump- 
tion. 

Gallons. 

1898. 

DaUy 
Consump- 
tion per 
Tnhabi- 

tant. 

Gallons, 
1898. 

City  ob  Towh, 

Esti- 
mated 
Popula- 
tionln 

1898. 

ATerage 

DaUy 

Consump- 

tion. 

Gallons. 

1898. 

DaOy 

Consnmp* 

tlon  per 

InhaU- 

Unt 

Gallons. 

1898. 

Marblehoad,  . 

7,862 

414,000 

56 

Beading, 

6,094 

118,000 

22 

Harlborongh, 
Maynard,              • 

16,680 
8,824 

637,000 
117,000 

84 
86 

Berere  and  Win- 

throp. 
Roekport, 

18,647 
6,010 

675,000 
138,000 

50 
22 

Medford,        .       . 

16,611 

1,006,000 

66 

Rutland, . 

977 

19,000 

19 

Methuen, 

6,216 

280,000 

87 

Salem,    .       • 

86,676 

2,206,000 

68 

Kiddleborongb,    . 

7,068 

214,000 

80 

Sharon,  •       •       . 

1,767 

47.000 

27 

Milford  and  Hope- 
dale. 
Hilton,    . 

Montague, 

10,664 

650,000 

68 

Stonghton,     .      \ 

6,624 

260,000 

47 

6,262 
5,016 

161,000 
412,000 

26 

70 

Swampseott    end 

Nahaat. 
Tannton, 

4,162 
28,116 

460,000 
1,802,000 

lU 
46 

Kanincket,     . 

2,866 

87,000 

80 

Tiflbary, 

700 

46,000 

06 

Nailck,   .       .       . 
Keedham, 

8,632 
8,797 

860,000 
212,000 

48 
66 

Wakefield    and 

Stoneham. 
Walpole, 

16,458 
8,228 

774,000 
80,000 

50 
28 

New  Bedford, 

68,062 

6,908,000 

92 

Waliham, 

22,177 

1,600,000 

77 

Newbnryport, 

14,916 

618,000 

86 

Ware,     . 

7,8M 

262,000 

88 

Newton, . 

No.  Attleborovgh, 

20,617 
6,485 

1,768,000 

60 

Wareham,  Onaet 

Bey. 
Webator, 

8,817 
8,260 

10,000 
804,000 

6 
8T 

No.  Brookfield,     . 

5.008 

165,000 

80 

Welleeley,     . 

4,606 

167,000 

86 

Norwood,      • 

6,070 

406,000 

80 

Weeton, . 

1,788 

27,000 

16 

Orange,  .              • 

6,887 

42,000 

7 

Whitman, 

6,626 

180,000 

21 

Peabody, 

10,716 

067,000 

00 

Wlnehendon, . 

4,560 

57.000 

18 

ProTincetown, 

4,602 

126,000 

28 

Wobnm, 

14,685 

006,000 

68 

Qniney,  . 

28,104 

1,868,000 

60 

Woreeater,    . 

107484 

6,786,000 

68 

Randolph  and  Hoi- 
brook. 

6,786 

284,000 

60 

1 
1 
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Eainfall, 

The  rainfall  in  Massachusetts  for  the  year  1898  was  9.34  inches 
more  than  the  normal.  An  excess  of  rainfall  occurred  during  eight 
months  of  the  year,  the  greatest  excess  being  3.06  inches  in  Octo- 
ber. A  deficiency  occurred  during  the  months  of  March,  June, 
September  and  December,  the  greatest  deficiency  being  1.84  inches 
in  March. 

The  average  rainfall  in  Massachusetts,  as  deduced  from  long-con- 
tinued observations  in  various  parts  of  the  State,  is  given  in  the 
following  table,  together  with  the  rainfall  for  each  month  in  1898 
and  the  departures  from  the  normal  :* — 


MOVTB. 

Normal 
BalnfUL 

Inches. 

BalnflOl 
Inches. 

Excess  or 

Defldenoy. 

IMS. 

Inches. 

MOVTH. 

Normal 
KalnftU. 

Inches. 

BalnftU 
1898. 

Inches. 

Excess  or 

Deficiency. 

1898. 

Inches. 

Jannsry,     . 
February,   . 
Marah, 
April,  . 
May,    .       . 

S.96 
8.06 
8.91 
3.86 
8.71 
8.28 
4.00 

6.68 
4.68 
2.07 
4.88 

4.72 
2.27 
4.66 

+1.60 
+0.93 
—1.84 
+1.68 
+1.01 
—1.01 
+0.66 

Angnal, 
September, . 
October, 
November,  • 
Deoember,  . 

Total,   . 

4.40 
8.81 
4.07 
4.17 
8.68 

7.24 
2.88 
7.18 
6.02 
2.78 

+2.84 
—0.98 
+8.06 
+2.46 
—0.80 

Jaoe,  • 
Jnly,    . 

46.80 

64.70 

4^.84 

To  show  the  condition  of  the  streams  or  sources  of  water  supply 
from  which  samples  of  water  have  been  collected  for  analysis  during 
1898,  the  following  tables  are  presented,  which  give  the  daily  rain- 
&11  in  inches  at  9  stations  scattered  throughout  the  State  :* — ^ 


*  Pivpared  from  the  records  of  the  New  Etigland  Weather  Service. 
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DaUy  BainfaU  \ 

in  Inches  ai  Nine  Places 

in  MassachuseUs 

,  OeagraphioaUy  seUcUd. 

#Mi««i7»  IMS. 

F«br««i7»  1W9. 

DAT 

or 
HoarXK. 

• 

1 

1 

« 
1 

£ 

n 

« 

S 

OB 

1 

s 

E 

m 
H 

i 

DAT 

or 

HOVTB. 

1 

•- 

1 

1 

B 
1 

s 

i 
2 

• 

• 

S 

s 
a 

s 

i 

1.    . 

- 

- 

0.26 

- 

- 

0.68 

- 

- 

0.06 

1..       • 

- 

1.81 

0.64 

0.86 

1.87 

4.06 

1.14 

1.260.08 

2.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,.       . 

- 

- 

- 

- 

- 

- 

- 

8.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,.       . 

- 

- 

- 

- 

- 

- 

- 

4.    . 

- 

0.06 

- 

• 

• 

« 

- 

- 

- 

4..       . 

- 

- 

- 

- 

- 

- 

- 

*.    . 

- 

0.26 

0.20 

0.17 

0.00 

0.18 

0.17 

0.10 

0.10 

6,.        . 

- 

• 

- 

0.14 

- 

0.17 

0.18 

- 

- 

«•    • 

0.50 

- 

- 

- 

- 

- 

- 

- 

- 

6,.        . 

- 

0.09 

0.12 

- 

0.24 

- 

- 

o.so 

- 

T.    • 

- 

• 

0.88 

0.20 

0.26 

0.17 

0.20 

0.68 

1.00 

T,  -        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,    . 

- 

0.64 

- 

- 

- 

- 

- 

- 

- 

8,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

•.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12.    . 

2.00 

0.17 

0.00 

• 

0.06 

« 

- 

0.16 

• 

12,.       . 

0.16 

0.80 

0.18 

0.16 

0.13 

0.16 

0.14(0.08 

- 

13,    . 

- 

0.04 

0.11 

0.10 

- 

0.14 

0.07 

- 

0.07 

18,  . 

- 

- 

' 

- 

- 

- 

0.8i 

14,    . 

- 

- 

- 

- 

- 

- 

- 

- 

14,.       . 

- 

0.06 

- 

0.02 

- 

- 

- 

- 

- 

w,  . 

0.40 

0.47 

0.87 

• 

• 

0.84 

- 

0.66 

• 

16,  .       . 

0.80 

0.80 

0.15 

0.08 

0.04 

• 

- 

- 

- 

1«.    - 

- 

0.18 

- 

0.86 

0.84 

- 

0.42 

- 

0.48 

16..        . 

- 

0.82 

0.16 

0.80 

0.10 

0.21 

0.340.20 

0.16 

IT,    . 

- 

- 

- 

^ 

- 

- 

- 

- 

- 

17,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,.       . 

0.10 

« 

- 

- 

- 

- 

- 

- 

- 

1».    . 

- 

• 

- 

- 

- 

- 

10,.       . 

- 

• 

- 

- 

- 

- 

- 

- 

• 

a>.  - 

- 

1.66 

1.66 

1.27 

1.16 

• 

- 

1.16 

1.06 

20..       . 

1.40 

1.00 

0.61 

• 

• 

• 

- 

• 

0.68 

21,    . 

1.00 

0.06 

- 

- 

1.80 

1.36 

- 

- 

21,.       . 

- 

l.te 

1.86 

• 

• 

« 

1.66 

• 

2.75 

22,    . 

- 

0.06 

- 

- 

- 

- 

- 

0.20 

- 

22,.       . 

1.00 

0.14 

0.44 

8.14 

8.48 

• 

1.06 

4.60 

0.98 

28,    . 

l.U 

1.06 

1.47 

1.04 

1.24 

1.18 

1.26 

1.86 

1.24 

28,.       . 

- 

- 

0.10 

0.14 

0.28 

0.S2 

0.10 

0.16 

0.11 

24,    . 

- 

- 

" 

- 

- 

- 

- 

24,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

M.    . 

- 

0.06 

- 

- 

- 

- 

26,.        . 

- 

- 

- 

- 

^ 

- 

- 

- 

- 

28,    . 

, 

d.T5 

0.62 

0.66 

0,76 

0.01 

0.78 

0.85 

0.80 

0.73 

26,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,    • 

, 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

27,.        . 

- 

- 

- 

- 

^ 

- 

- 

- 

- 

»,    • 

- 

- 

- 

- 

- 

- 

- 

- 

28,.       . 

- 

- 

- 

- 

- 

- 

- 

*m 

29.    . 

- 

- 

- 

- 

- 

- 

- 

- 

0.03 

80,    • 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Sl«    . 

0.80 
6.12 

0.70 
6.86 

0.46 
6.62 

2.66 

1.66 

- 

0.70 

- 

1.00 

TotiJ», 

1 

2.06 

Total 

6.64  6.60| 

4.71 

6.02.4.84 

6.78 

4.8a 

4.01 

4.27 

6.68 

4.02 

5.60'6.4^ 

I 

5.28 

*  PrMlpltatiOB  Inoloded  In  that  of  fbUowinc  day. 
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Daily  Ecdnfall  in  Inches  ai  Nine  Places  in  Massachusetts^  Geographically  selected 

—  Continued. 


Marelft,  1808. 


DAT 

or 

MOVTB. 


1. 
S. 
8, 
4, 
6. 
«, 
7, 
8, 
0. 
10. 

11. 
12. 
IS. 
14, 
U. 

M, 

17. 
18, 

90. 

82, 
», 
«4, 
». 
26, 
27, 
28. 

20. 
80, 
81. 


0.1610.04 


I 


I 


I 


a 

I 


8 
I 


S 


I 


0.02 
0.14 

o.oeio.ioi 


o.oeio.ulo 

0.67 


.04 
60i0.80 


0.11  0.85 
0.4810.60 


0.44 
M>.00 


AprU,  1898. 


DAT 

OF 

MovriL 


1,. 

2.. 
8,. 
4.. 

6,  . 

6,. 


I 


0.16 


0.10 

o.u 


0.46 


e 


0 

I 


O.OS  0.120.28 


0.28  0.82 
0.07 


10.421 


p 
B 

I 


i 

9 

3 


I 
s 


0.100.12 


0.02) 
0.84 


0.14 


0.42 


0.28 


0.20 


0.04 


0.00 


8,. 

0.  . 
10.  . 


0.040.04 


0.00 


0.400.27 
0.02 


0.10 


0.190.06 


0.11 
0.02 


0.13 


• 
0.06 


11,. 
12,. 
18,  . 

14,. 
16.. 


0.16 


fO.  1410.02 


0.06 


0.86 


0.46 


0.980.66 


0.10 


0.06 


0.01 


0.08 


0.080.08 


0.04 


0.84 


0.600.8610.2610.41 
10.06     -      -  10.06 


0.41 
0.00 


0.8810.88 
10.06 


0.47 


0.86 


-  0.14  0.06 
10.44  0.060.04 


• 
0.1610.16 


0.86 


0.060.08 


10.44 


16,  . 
17.. 
18,  . 

10.. 
20,. 
21,  • 
22.. 
28,. 
24.. 
26.. 


0.88  0.87 


0.86 


0.20 

1. 

0 


201 


200 


26. 
27. 
28. 


0.46 


0.180.160.86 


I0.80j0.06  0.06 
0.26     -  0.8410 


fO.84 


• 
0.28 


0.81 
,4510.5010.290.47 


1.16 


ToUli, 


2.221.161.87 


2.40 


2.201.41 


1.96 


1.16 
2.8018.60 


29, 

80. 


0.70 


ToUlt, 


0.06 


* 
1.06 


0.02 


0.02 

0.78 
0.01 


0.18 
1.17 


• 
0.86 


0.16 
0.01 


0.160.24     • 
0.2oi0.29|o.60 


0.21 
.88 
19 


0.081 

0. 

1.49 
0.06 
0.01 


2.27 


0.62 

2.42 
0.16 


0.6710.66 
0.10 


0.42 


0.42 


0.26 

2.04 
0.06 


0. 
0. 


180 


1.60 


.06 

« 

8.87 


0.08 

1.7T 
0.33 


0.67 


0.441 


0.2810.06*0.66 


• 
1.16 


• 
h>.60 


1.14 


« 
1.16 


1.86 
0.18 


4.21  8.79  4.89^.78  6.17  4.98  6.26  6.17 


6.29 


1 


*  PxMlpltalioii  inoliid«d  to  thai  of  following  d«y. 
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Daily  BainfaU  in  Inches  at  Nine  Places  in  Massachusetts^  Qeographieally  selected 

—  Continued. 


Mmj,  IMS* 


DAT 

or 

MOHTB. 


1. 

8, 

4. 

ft. 

«, 

T. 

8. 

9, 
10, 
11. 

M, 
14. 
18. 
16. 
17. 
18, 
», 
». 

». 
28, 

28. 
28. 

27. 
28, 
2». 
80, 
81. 


I 


a 


a 


a 


s 

e 


0.85 
0.06 


0.00 
0.15 
.06 
0.400.4010.26 


0.06 


0.60 


0.88 
0.11 
0. 


ISO 


0.100.100.01 

o.nlo.14 


0.87 
0.16 


0.06 


0.90 


0.400.880.12 


0.76 
0.16 
0.00 
0.46 
0.06 


0.88     - 


0.80 


• 
0.10 


o.a 

« 

0.8810.84 


0.02 
0.02 


0.18 


0.060.07 


0.4«0.1 
1.14j0.40 
0.40|    - 


0.60 


•  « 

•  1.60 

0.260.08     «   1.66 
0.160.022.001 


0.460.81 


0.08 


0.02 


0.48 
0.08 


O.J 


0.62 


0.10 


2.08 


"a 

CO 


I 

0 


I 

Hi 


"  0.16 


0.11 


0.42 


0.26 


0.61 


0.02 


1.26 
0.78 
1.80 


.  0.66 
.16.0.11 


0.88 


0.87 


0.17 


2.88 


0.25 
0.64 


0.23 


2.76 
1.24 


,  ISM. 


DAT 

ov 

MOITTH. 


1,  . 

2,. 
8,. 
4,  . 


8,. 

7.. 
8,. 

»,  . 

10,  . 

11.. 
12,. 
18.  . 
14,. 
16.. 
16,  . 
17.. 
18,  . 

1»,  . 

20.  . 

21,  . 
22.. 

28,. 
24,  . 
26.. 
26.. 
27,  . 
28,. 


IE 

Q 


I 


i 


B 

m 

I 


80, 


0.10 


0.96 


0.06 
0.06 
0.86 
0.801.0610 


0.90 


0.21 
0.26 


0.12 


0.220.04 


0.16 
0.12 


0.40 
10.960.0610 


-  0.08 


O.OTi    •      •  |0.06 
0.701.07  0.86  0.68 


0.01 


0.06 


0.02 

0.480.27 
.60 


10.16 
.960. 


0.90 


0.22     - 
0.020.19 


♦       .       .      .       • 

0.66|l.07|0.82jO.T2|0.84)0.78«.4S| 
lO.U     -  |o.l4 


14 


a 

s 

i 


I 


i 

.2 


e 

I 

a 


I 

Da 


0.09 
0.080.061 


0.07 


0.11 


0.90IO.T8 


O.06 

o.or 

10.84  0.U 


O.4»,O.60O.9» 


0.20]0.060.16io.81!0.6i 


0.01 


0.87 


0.060.060.18 

-  0.080.101 


-  0.06 


^.88 


0.02 


0.05! 


Total*, 


4.65 


5.868.86'8.05 


4.46 


8.624.82^4.80  6.82 


Totals,  8.008.218.062.94 


2.86  2.6611.87 


1.76k>.94 


*  PrtdpltatlOD  liidod«d  In  tbaiX  of  foUowiag  day. 
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Daily  Sairtfail  in  Inchet  at  Nine  Plaea  in  Masiaehuaetts,  OeographieaUy  selected 

—  Continued. 


#«ljr,  18M. 

Avciut,  199II. 

DAT 

or 

ICOHTB. 

• 

1 

'8 

•J 

< 

• 

• 

1 

1 

a 
1 

* 

s 

1 

1 

1 
1 

DAT 

or 

MOXTB. 

• 

1 

• 

1 

1 
1 

• 

1 

33 

a 

1 

• 

1 

i 

1,  .     . 

- 

- 

. 

- 

- 

« 

- 

- 

- 

1..        . 

0.02 

0.21 

- 

- 

- 

- 

- 

- 

• 

s.  .      . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

s,   .      . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,.        . 

- 

- 

- 

- 

- 

- 

- 

4,    .       . 

- 

0.0« 

- 

0.08 

0.76 

- 

0.88 

0.70 

• 

4,.        . 

0.40 

0.40 

0.26 

0.48 

0.82 

0.48 

0.810.18 

0.28 

5.    .       . 

0.18 

- 

- 

- 

- 

- 

0.08 

- 

0.06 

6,.       . 

1.22 

1.08 

1.00 

1.62 

1.16 

0.92 

1.671.78 

0.84 

«t    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6.  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

T,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7..        . 

- 

0.08 

- 

- 

- 

- 

- 

- 

- 

8,    .        - 

- 

0.04 

- 

- 

- 

- 

- 

- 

- 

8..        . 

0.16 

O.U 

0.00 

0.24 

0.80 

0.62 

- 

- 

- 

•.    .        • 

0.10 

- 

- 

0.18 

0.81 

- 

0.90 

0.11 

0.88 

9,  .        . 

0.80 

• 

- 

0.11 

- 

0.06 

- 

- 

0.09 

10.    .       . 

- 

- 

- 

- 

- 

- 

- 

tm 

- 

10..        . 

- 

0.80 

0.80 

• 

• 

• 

- 

• 

• 

U,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  .        . 

1.46 

0.70 

0.96 

2.88 

2.22 

• 

2.88 

1.76 

4.87 

11.    .       . 

- 

• 

- 

- 

- 

- 

- 

• 

• 

12,  .        . 

- 

• 

- 

« 

0.14 

2.00 

0.29 

• 

• 

18,    . 

- 

0.80 

0.88 

2.21 

2.66 

1.20 

1.87 

6.08 

« 

IS,  . 

0.14 

0.19 

0.08 

0.28 

0.26 

0.09 

- 

0.76 

1.78 

14,    .        . 

1.00 

- 

- 

- 

- 

- 

0.12 

- 

4.48 

14,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.  . 

- 

- 

- 

0.02 

- 

- 

- 

- 

- 

18,    .        . 

• 

- 

- 

- 

- 

- 

- 

- 

*m 

18,  .        . 

0.90 

0.68 

- 

' 

- 

- 

- 

- 

- 

17.    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,.        . 

- 

0.19 

0.79 

1.40 

0.19 

0.14 

- 

0.17 

0.1ft 

18,    .        . 

- 

« 

- 

• 

- 

- 

- 

« 

• 

18,  .       . 

- 

« 

0.42 

m 

0.88 

• 

0.14 

- 

- 

19.    .        . 

1.00 

0.21 

0.88 

0.60 

0.60 

0.80 

0.21 

0.86 

0.88 

19..        . 

1.66 

1.01 

2.27 

0.67 

0.10 

« 

1.82 

0.17 

0.17 

ao,  .     . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,  .        . 

- 

- 

- 

- 

2.16 

- 

- 

- 

a.  .     . 

- 

0.01 

0.14 

0.44 

0.67 

0.70 

0.44 

0.04 

0.14 

21..        . 

- 

^ 

- 

- 

- 

- 

- 

- 

- 

22,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22..        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

as,  .     . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28..        . 

- 

0.21 

0.88 

• 

* 

• 

t 

0.82 

0.19 

24,    .       . 

- 

- 

- 

- 

- 

0.08 

- 

- 

- 

24,.        . 

0.40 

1.81 

0.91 

0.44 

0.44 

0.46 

0.48 

- 

- 

25,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26..        . 

0.90 

0.06 

0.18 

0.08 

0.00 

0.88 

0.34 

- 

- 

28.    .        . 

o.u 

0.22 

0.07 

0.08 

0.900.21 

0.29 

- 

- 

28..        . 

0.8O 

0.06 

- 

- 

- 

- 

- 

» 

- 

27.    .        . 

- 

0.24 

- 

- 

- 

- 

- 

- 

0.06 

27,.        . 

0.07 

- 

- 

0.04 

- 

- 

- 

- 

0.06 

28,    .        . 

0.20 

- 

0.81 

- 

0.87 

* 

0.20 

1.26 

0.18 

28..        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

»,    .        . 

0.00 

0.02 

- 

0.88 

- 

0.21 

- 

- 

1 

29..        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80.    .        . 

0.30 

1.07 

0.87 

0.10 

0.200.00 

0.14 

- 

- 

80..        . 

- 

- 

^ 

- 

- 

"* 

- 

- 

- 

a,  .     . 

^W 

0.20 

0.82 

0.08 

0.08     - 

4.48 

1.0o'o.l3 

81.  . 
Totals. 

- 

- 

7.87 

7^42 

0.06 

7.68 

7.88 

1 

ToUla, 

2.86 

3.28 

8.98 

6.6712.74 

i 

0.62 

,8.04 

1 

8.80 

6.41 

6.07 

7.88 

•  PndplutioD  ioelndad  In  that  of  following  day. 
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—  Continued. 


Septwmbttr,  ISM. 


DAT 

ov 

MOMTH. 


1, 
% 

ft. 

e. 

10. 

11, 
IS. 
13. 
14. 
16. 
1«. 
IT, 
18. 
1«. 

to. 

SI. 
». 

». 


I 

ij 


s 


I 

E 


s 


a 


e 


a 
2 


a 

S 

a 
a 


2 


0.(»0.ai0.82|0.46|0 
0.90  O.U 


0.030.17 


0.65 1.80 


0.06 
0.48 


0.06 


ZJOi 


0.46 


i.sa  0.60  0.01 

10.88  0.6S  0.41 


.08 

o.aoio.osio.oo 


0.600.490.44 


.488. 


0.08 


0.180.040.01 


0.610.750.86     - 


0.10J0.UI 
0.12 


I 


0.4 


0.54 


1.08 


10.87 


0.08)    - 

-10.881 


0.27 
0.10 


-  0.10 


0.00 


0.12  0.67 


-  {0.S7  0.01 0.8KO 


MS.0ttl.7t2.f7  8.8S1.6B  1.88 


-  0.8710.080.06 


0.01 


0.18 


0.16 


8.000.58 


Octebttr» 

1898. 

^ 

^ 

Bat 
ov 

MOMTH. 

■ 

1 
1 

•< 

1 

1 

n 
a 

i 

1 

■ 

1 

e 

1. 

2. 
8. 
4, 
6. 

e. 

T, 

8. 

8. 

10, 

U. 
W, 

18, 
14, 
16, 
18, 
17, 
18, 
18, 
80, 
SI. 


OS0.84J 


ss» 

84, 

S6, 
86. 
S7, 

88, 

S8. 


I 


9 


2.60 


0.89(0.60  0.6810.19  0.8910.44  0.28 


0.400.120.180.07  0.75 


0.80 
10.790.460.961 


81. 
Totek, 


1.85 


0.850.85 


-I    - 


2.00 


O.TO  0.60  0.68     * 

0.08|o.l8|o.79i 


10.051 
1.S7 


0.07 


1.00ll.22|2.400.96 
-  0.78 


1.07 


1.21 


-  \OJSt  0.79 


1.60t0.n  0.16 1.49 1.76 1.14 1.87 


0.78 


0.80 


0.920.70 


0.67 


0.88  0.79 


l.«  1.181.67 


0.15|0.U  0.09iO.89iO.14.O.88  8.88 


17.04^5.8016.8817.01.7 .88t7.6827 


0.81 


1.06 1.86 


O.S0O.85 


1.190.89 


0.801.04 


0.90     • 

-    jl.16 

•    I2.69 
4.85J    . 


8. 


0.126.68 


M6 


i0.16 


.68:il.5l|9. 


•  Pwirtpttattca  laeladed  tai  thiU  of  foUowlBf  diij. 
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JktUy  Bait^aU  in  Inehu  at  Nine  Plaea  in  Maitaehutetts,  OeognphieaUtf  teleeled 

—  Concluded. 


II 

» 
< 


1. 
S> 
S. 

4, 
6. 

e. 

8. 

0. 
10. 

Ut 
M, 
!«• 
14. 
U. 
1«. 
IT. 
IS, 

1». 


25. 


i4 


0.X5  0.12  0.18  O.M  0.»  0.18  0.84  0,40  0.62 


0.20  0.120.  IS 


-  2.001.771.82 
1.900.11 0.68     - 


0.800. 
0. 

12.16 


0.20 


Tot. 


170 


.16 
0.14 


i 


I 


0.16 


0.18  0.19».18  0.86  0.66 


• 
• 


1.66  I.2O1I.O2 


0.700.68 


0.260.06 


6.06 


6.76 


0.81 
0.28 
0.06 
0.721.96 


10.88 
1.861.80 


0.02 


0.60 


1.60 


0.860.88 


2.222.76 


« 
1.401.6411.7611.24 


• 


0.46     - 


10.86 


0.640.07 


0.82     - 


0.88 
0.60 


0.42 


I 
I 


• 


10.21 

0.422.201 

1.00 


0.46 


2.001 


6.7617.24  7.42  4.68.6.08  8.16 


I 

i 


10.621 


1.80 


10.821 
2.00 


1.000.92 


7.96 


i 


8* 


1*  • 

2, 
8 
4 
6 

6. 

7, 

S) 

9, 
10, 
11 
12 

!«. 
14, 
16, 
16 
IT, 
18, 
lOi 
9t>t 
21 
22, 
28 
24 
26 
26. 
27, 
28, 
29, 
80, 
81, 
Tot., 


s 


0.60 


0.80 


0.40 


0.80 


1.26 


8.26 


t 


0.04 
0.41 


0.81 


0.47 
0.18 
0.07 
0.47 


0.28 


2.28 


0.22 
0.74 


0.40 
0.06 


0.44 
0.04 
0.02 
0.66 


0.06 


0.] 


2.97 


6 
1 

I 


I 

6 


0.981 


0.82 


0.49 
0.62 


0.04 


0.90 


8.80 


• 
0.881 


0.80 


0.44 
0.67 


0.64 


2.88 


1.21 


0.81 


0.68 
0.61 


0.02 


2.68 


I 


0.78 


0.89 


0.52 


0.67 


0.60 


2.81 


e 

S 

a 


I 


0.88 


0.20 


1.06 


0.86 


2.48 


0.44 


0.10 


0.4S 


1.12 


0.10 


2.18 


Totals  for  tbo  Toar, 


66.66 


60.64 


61.87 


I 
64.27  57.89 


49.4866.4266.2862.60 


•  PradpltMiOD  tDdvdod  In  that  of  foUowliiff  day. 
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Flow  of  Streams. 

The  flow  of  streams  for  the  year  1898,  as  indicated  by  the  records 
of  the  Sudbury  River,  was  very  much  in  excess  of  the  normal  for 
twenty-four  years,  and  was  exceeded  in  only  two  years  during  that 
time.  The  flow  was  less  than  normal  during  the  months  of  March 
and  April,  but  was  considerably  in  excess  of  the  normal  during  each 
of  the  remaining  months.  The  flow  of  the  river  during  the  driest 
six  months  of  the  year  has  only  been  exceeded  in  those  months  in 
two  of  the  twenty-four  years  during  which  the  flow  of  the  Sudbury 
River  has  been  measured. 

In  order  to  show  the  relation  between  the  flow  of  the  Sudbury 
River  during  each  month  of  1898  and  the  normal  flow  of  the  same 
river  as  deduced  from  twenty-four  years'  observations,  from  1875  to 
1899  inclusive,  the  following  table  has  been  prepared.  The  area  of 
the  water-shed  of  the  Sudbury  River  above  the  point  of  measurement 
is  75.2  square  miles. 

Table  shounng  the  Average  Monthly  Flow  of  Sudbury  River  for  the  Year  1898^ 
in  Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area  and  in  OaUom 
per  Day  per  Square  MOe  of  Drainage  Area^  aha  D^artureef¥om  the  Nomud 
Flow. 


Hoim. 


Juinary, 
Febnuury, 
Mftreh, 
April,  . 
May,    . 

JWM,    . 

Jnly,  . 
Avgiui, 
Bepttmber, . 
Oetober,  . 
November,  . 
Deeember,  . 
ATerage, 


JSomMAL  Flow. 


Ovble  Feet 

P«r 
Second 

perSqiuue 

MOe. 


GeUoDsper 

Dey 
ptrSqaeie 


•       •       •       • 


•       •       •       • 


1.8T0 
a.9M 
4.406 

s.oes 
i.nr 

0.7M 
0.817 
0.500 
0.886 
0.866 
1.616 
1.066 


1.662 


1,200,000 

1,897,000 

2,847,000 

1,908,000 

1,110,000  • 

498,000 

906,000 

888,000 

240,000 

668,000 

980,000 

1,076,000  i 


1,074,000 


Actual  Flow  n  1898. 


Cable  Feet 

per 

8eeon4 

perSqnere 

MUe. 


2.686 

4.676 
4.029 
2.880 
1.928 
0.820 
0.867 
1.718 

o.6n 

1.796 
8.078 
2.788 


2.244 


GeUonsper 
perSooMe 


1,688,000 

8,022,000 

2,604,000 

1,829.000 

1,246,000 

580,000 

281,000 

1,107,000 

869,000 

1,160,000 

1,986,000 

1,799,000 


1,460,000 


ExcBae  oi  Dinomor. 


Coble  Feet 
per 

fWeoBd 
perSqure 

MUe. 


OeHonepcr 


40.666 
+1.740 
-0.876 
—0.202 
+0.211 
+0.068 
+0.040 
+1.218 
+0.186 
+0.980 
+1.667 
+1.118 


+0.582 


+l»,000 

+1,126.000 

—20,608 

—169,060 

+186,000 

+88,000 

+26.608 

+784,000 

+120,000 

+607,000 

+1,006,000 

+728,000 


+876,000 
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The  next  table  shows  the  weekly  fluctuations  during  1898  in  the 
flow  of  two  of  the  streams  which  were  carefully  measured,  namely, 
the  Sudbury  and  the  Merrimack.  The  flow  of  these  streams,  par- 
ticularly the  Sudbury,  serves  to  indicate  the  flow  of  the  other  streams 
in  eastern  Massachusetts. 


Wbsk  wjkdtkq  Suvdat. 


Jul.  % 

•, 

!«, 
28, 
», 

Feb.  6, 
18, 
20, 
27, 

Kmr.  «, 
18. 

ao. 

Apr.  8, 
10, 
M, 

M»y  1, 

8, 
18, 
23. 

»f 
June  5, 

12, 

M. 

28, 

Jvly  8, 


IMS. 


SCDBUXT 
SlYSS. 

Cable  Feet 

per 

Seeond 

perSqnAre 


MutsncACK 

BlTU. 

Cubic  Feet 

per 

Seoond 

perSqoere 

Mile. 


1.S98 
1.408 
2.106 
8.297 
8.660 
1.664 
2.578 
8.081 
11.288 
4.106 
5.108 
4.804 
2.708 
2.870 
8.800 
2.886 
2.181 
5.104 
2.118 
1.544 
1.107 
2.721 
1.706 
0.742 
0.418 
1.140 
O.UO 


1.222 
1.804 
1.500 
1.720 
2.040 
1.188 
1.882 
1.012 
2.182 
1.050 
2.448 
6.868 
5.078 
8.806 
S.415 
2.578 
8.064 
4.019 
2.788 
2.178 
1.007 
2.852 
2.041 
1.404 
1.848 
1.800 
0.874 


WSXK  BVDniO  8UXSAT. 


ISM. 


July  10,  .  .  . 

17.  .  .  . 
24,  .  .  . 
81,  .  .  . 

Aug.  7,  .  .  . 

14.  .  .  . 

21,  .  .  . 

^o,  •  •  • 

Sept.  4,  .  .  . 

U,  .  .  . 

18,  .  .  . 


Oot.   2,  . 

0.  . 

18.  . 

28,  . 

80,  . 

Not.  6,  . 

18,  . 


20.  . 

27.  . 

Dee.  4,  . 

11.  . 

18.  . 

25,  . 


JlA.    1. 


ItM. 


8dx>bubt 
RnrBB. 

Coble  Feet 

per 

Beoond 

perSqnere 

MUe. 


-0.111 
0.717 
0.502 
0.400 
0.884 
2.566 
2.888 
1.022 
1.188 
0.407 
0.172 
0.405 
0.414 
0.926 
1.582 
2.409 
2.811 
1.466 
8.568 
8.686 
8.617 
2.498 
4.898 
1.826 
2.599 


Mbbbdcaok 

BlVBB. 

Coble  Feet 

per 

Second 

per  Booare 

Mlb. 


2.065 


0.1 

0.588 

0.580 

0.647 

0.558 

0.789 

0.885 

1.107 

0.748 

0.618 

0.506 

0.400 

0.878 

0.049 

0.984 

1.889 

2.888 

1.556 

1.910 

2.850 

2.952 

1.814 

2.808 

1.459 

1.592 


The  following  table  gives  the  records  of  the  rainfall  upon  the  Sud- 
bury Riyer  water-shed  and  its  total  yield  expressed  in  inches  in  depth 
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on  the  water-shed  (inches  of  rainfall  collected)  for  the  year  1898, 
together  with  the  average  of  the  records  of  the  twenty-four  years 
from  1875  to  1898  inclusive :  — 


EainfaU  received  and  collected  on  the  Sudbury  River  Water-shed, 


1 

1898. 

1875-1888. 

MOHTH. 

Rainfall. 

RalnlUl 
oollected. 

Per  Cent 
oollected. 

BainML 

Balnfkn 
ockUeeted. 

Percent 

collected. 

Janaary,  . 

6.88 

2.022 

42,78 

4.84 

2.156 

40.68 

Febraary, 

4.49 

4.860 

108.44 

4.28 

8.084 

72.01 

Marcb, 

2.40 

4.646 

108.54 

4.80 

5.078 

118.00 

April.       .       . 

4.66 

8.158 

67.77 

8.80 

8.450 

104.55 

May. .       .       . 

8.22 

2.228 

60.01 

8.41 

1.070 

58.04 

June. 

S.48 

0.015 

86.00 

2.05 

0.860 

28.81 

Jnly, . 

4.00 

0.411 

10.05 

8.70 

0.805 

0.68 

August,     . 

8.17 

1.074 

24.16 

4.27 

0.577 

18.51 

8«pt«mber, 

2.62 

0.687 

24.81 

8.90 

0.480 

18.44 

October,    . 

6.71 

8.060 

80.88 

4.44 

0.087 

99.88 

November, 

6.08 

8.490 

40.48 

4.80 

1.601. 

80.88 

December, 

8.28 

3.808 

07.80 

8.66 

1.090 

52.46 

Totals  and 

Rven 

«ee, 

» 

56.88 

80.450 

54.51 

46.10 

22.567 

48.86 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis 
for  estimating  the  yield  of  other  water-sheds  in  Massachusetts,  both 
on  account  of  the  accuracy  with  which  the  measurements  have  been 
made  and  the  absence  of  abnormal  conditions  which  would  un&vor- 
ably  affect  the  results .  The  following  table  gives  the  records  relating 
to  the  yield  of  this  water-shed  for  each  of  the  past-  twenty-three 
years,  the  flow  from  the  water-shed  being  expressed  in  gallons  per 
day  per  square  mile,  instead  of  inches  in  depth  of  rainJEsdl  collected, 
in  order  to  render  the  table  more  convenient  for  use  in  estimating  the 
probable  yields  of  water-sheds  used  as  sources  of  water  supply :  — 
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Yield  oj  the  Sudbury  River  Waier-shed  in 

Gallons  per  Day  per  Square  Mile,* 

HOITH. 

1875. 

1878. 

1877. 

1878. 

1878. 

1880. 

1881. 

1888. 

Janiiary, 
Febnwry,    . 
Marob,  • 

April,  .       .       < 
Miy,    .      •       . 
June,  . 
July,    . 
Aaguet, 
September, . 
October, 
NoTember,  . 
December,  • 

103,000 

1,496,000 

1,604,000 

8,049,000 

1,188,000 

870,000 

821,000 

806,000 

207,000 

646,000 

1,802,000 

684,000 

648,000 

1,868,000 

4,436,000 

3,292,000 

1,189,000 

222,000 

183,000 

406,000 

184,000 

284,000 

1,088,000 

464.000 

668,000 

049,000 

4,818,000 

2,894,000 

1,391,000 

607,000 

202,000 

121,000 

60,000 

682,000 

1,418,000 

1,289,000 

1,810,000 

2,466,000 

3,607,000 

1,026,000 

1,894,000 

606,000 

128,000 

476,000 

160,000 

616,000 

1,098,000 

8,177,000 

700,000 

i,ni,ooo 

2,830,000 

8,116,000 

1,114,000 

418,000 

168,000 

896,000 

141,000 

71,000 

206,000 

462,000 

1,121,000 

1,787,000 

1,874,000 

1,168,000 

614,000 

176,000 

177,000 

119,000 

80,000 

101,000 

206,000 

176,000 

416,000 

1,646,000 

4,004,000 

1,646,000 

966,000 

1,338,000 

276,000 

148,000 

197,000 

186.000 

896,000 

776,000 

1,241,000 

2,403,000 

2,880,000 

867,000 

1,202,000 

629,000 

86,000 

66,000 

306,000 

209,000 

210,000 

814,000 

Average  for  wl 
Av.fordrieiftal 

bole 
ocma 

year, 

OtbB, 

972,000 
674,000 

1,186,000 
884,000 

1,214,000 
602,000 

1,462,000 
682,000 

894,000 
280,000 

678,000 
148,000 

979,000 
880,000 

802,000 
211,000 

MOITB. 

1888. 

1884. 

1888. 

1888. 

1887. 

1888. 

1888. 

1808. 

February,    . 
liareb,         .       , 
April,  . 
May,    .       . 
June,   . 
July,    . 
Auguat. 
September, . 
October,      . 
November,  . 
December,  . 

886,000 

1,083,000 

1,611,000 

1,860,000 

038,000 

800,000 

116,000 

78,000 

91,000 

186,000 

206,000 

198,000 

096,000 

2,842,000 

8,786,000 

2,868,000 

1,080,000 

417,000 

224,000 

267,000 

44,000 

88,000 

176,000 

926,000 

1,286,000 

1,864,000 

1,672,000 

1,816,000 

1,886,000 

426,000 

62,000 

240,000 

121,000 

836,000 

1,178,000 

1,174,000 

1,461,000 

4,800,000 

2,069,000 

1,947,000 

720,000 

208,000 

116,000 

94,000 

118,000 

146,000 

678,000 

1,020,000 

2,689,000 

2,829,000 

2,868.000 

2,020,000 

1,009,000 

414,000 

114,000 

214,000 

111,000 

190,000 

868,000 

648,000 

1,068,000 

1,961,000 

3,287,000 

2,646,000 

1,682,000 

422,000 

117,000 

880,000 

1,166,000 

1,999,000 

2,768,000 

8,048,000 

2,782,000 

1,196,000 

1,339,000 

1,410,000 

880,000 

668,000 

633,000 

1,432,000 

824,000 

1,230,000 

1,941,000 

2.241,000 

1.254,000 

1,629,000 

8,643,000 

1,876,000 

1,866,000 

668,000 

108,000 

182,000 

468,000 

2,272.000 

1,216,000 

997,000 

Average  for  wl 
Av.  for  driest  el 

hole 
zmc 

year, 

»DtllC, 

688,000 
146,000 

1,129,000 
200,000 

901,000 
891,000 

1,067,000 
228,000 

1,164,000 
284,000 

1,607,000 
968,000 

1,883,000 
944,000 

1,286,000 
747,000 

Mean  for 

XOMTB. 

1881. 

1809. 

1888. 

1804. 

1888. 

1808. 

1887. 

1888. 

24  Tears, 
1875-08, 

Inclusive. 

January,     . 

8,018,000 

1,870,000 

433,000 

698,000 

1,034,000 

1,064,000 

846,000 

1,688,000 

1,209,000 

February,  . 

8,486,000 

948,000 

1,642.000 

991,000 

641,000 

2,676,000 

1,067,000 

3.022,000 

1,897,000 

March,        .       .       . 

4,468,000 

1,966,000 

8,246,000 

2,288,000 

2,410,000 

8,836,000i2,665,000 

2,604,000 

2,847,000 

April, .       •       •       . 

2,307,000 

871,000 

2,126,000 

1,640,000 

2,616,000 

1,404,000  1,616,000 

1,829,000 

1,998,000 

May,   .... 

682,000 

1,269,000 

2,883,000 

840,000 

686,000 

860,000 

916,000 

1,246,000 

1,110,000 

June 

414,000 

428,000 

440,000 

419,000 

174,000 

899,000 

962,000 

630,000 

402,000 

July,  .... 

149,000 

214,000 

168,000 

161,000 

231,000 

96,000 

668,000 

281,000 

206,000 

Auguet. 
September, 

168,000 

280,000 

181,000 

209,000 

229,000 

67,000 

601,000 

1,107,000 

828,000 

208,000 

229,000 

108,000 

160,000 

89,000 

888,000 

182,000 

369,000 

249,000 

October,     . 

210,000 

126,000 

221,000 

874,000 

1,879,000 

502,000 

94.000 

1,160.000 

663,000 

November, «       •       . 

806,000 

697,000 

319,000 

886,000 

2,777,000 

669,000 

909,000 

1,086,000 

980,000 

December, . 

644,000 

486,000 

797,000 

716,000 

1,782,000 

667,000 

1,684,000 

1,799,000 

1,076,000 

Av.for  whole  year. 

1,816,000 

781,000 

1,087,000 

770,000 

1,162,000 

1,019,000 

991,000 

1,460,000 

1,074,000 

Av.  for  diiect  clz 

289,000 

827,000 

287,000 

866,000 

460,000 

814,000 

664,000 

777,000 

466,000 

month*. 

*  The  area  of  the  Sudbury  River  water  abed  need  in  making  up  theee  records  included  water  lur- 
£»cee  amounting  to  about  1  per  cent,  of  the  whole  area,  from  1875  to  1878  inclusive,  and  subsequently 
tnereaelng  by  the  construction  of  storage  reservoirs  to  about  8  per  cent,  in  1886.  The  water-shed  also 
contains  extensive  areas  of  swampy  land,  which,  though  covered  with  water  at  times,  are  not  included 
In  the  above  percentages  of  water  surfaces. 
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EXPERIMENTS  UPON  THE  PURIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


By  Harrt  W.  Clark,  Chemist  in  Charge. 


The  year  1898  is  the  eleventh  that  the  investigations  of  th^  Law- 
rence Experiment  Station  have  been  continued.  The  work  has 
been  carried  on  under  the  general  supervision  of  Hiram  F.  Mills, 
A.M.,  C.E.,  member  of  the  State  Board  of  Health,  with  the  writer 
in  direct  charge.  The  following  report  presents  a  summary  of  the 
investigations  and  result  obtained.  Besides  the  regular  chemical 
and  bacterial  analyses  of  sewage,  water  and  sand,  made  in  connec- 
tion with  these  investigations,  about  500  samples  of  sand,  soils,  etc., 
have  been  examined  at  the  station,  in  connection  with  the  investi- 
gation of  the  sewage-disposal  areas  of  the  various  towns  and  cities 
of  the  State. 

Purification  of  Sewage. 

Recognizing  the  great  value  of  aU  information  upon  methods  by 
which  the  area  necessary  for  the  disposal  of  a  given  volume  of  sew- 
age can  be  reduced  and  still  have  the  sewage  satisfiEustorily  purified, 
mui^h  of  the  work  for  a  number  of  years  has  been  along  lines  which 
tended  to  increase  our  knowledge  of  this  particular  problem.  Es- 
pecially during  the  past  four  years  have  the  results  of  investigations 
and  observations  upon  this  interesting  subject  been  given  a  conspicu- 
ous place  in  the  annual  reports  of  the  work  of  the  Board  at  Lawrence. 
New  and  promising  work  along  this  line  has  been  carried  on  during 
the  past  year. 

Character  and  Composition  of  Sewage. 

We  call  sewage  either  strong  or  weak  according  to  the  amount  of 
organic  matter  in  the  volume  of  water  going  to  make  up  a  given 

*  A  full  aooonnt  of  the  work  done  at  the  Lawrence  Experiment  Station  for  the  years  1888 
and  1889  U  contained  fai  a  special  report  of  the  State  Board  of  Health  npon  the  Porlfication  of 
Sewage  and  Water,  1890.  A  similar  account  for  the  years  1890  and  1891  Is  contained  in  the 
twenty-third  annual  report  of  the  Board  for  the  year  1891.  Since  1891  the  results  hare  been 
published  yearly  in  the  annual  reports. 
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volume  of  sewage.  At  Lawrence,  the  sewage  used  in  our  investiga- 
tions is  taken  from  a  sewer  which  drains  the  houses,  stores  and 
streets  of  the  most  thickly  populated  portion  of  the  city.  It  is  un- 
doubtedly a  much  stronger  sewage  than  the  average  sewage  of  the 
whole  city ;  and,  as  nearly  all  that  pumped  to  the  experiment  station 
is  day  sewage,  it  is  somewhat  stronger  than  the  average  for  the 
twenty-four  hours.  The  sewage  experimented  with  at  Lawrence 
is  also  much  stronger  than  that  which  is  disposed  of  upon  the  filtra- 
tion areas  of  the  State.  Investigations  in  regard  to  these  areas^ 
made  dtiring  the  past  summer,  have  given  us  exceedingly  interesting 
and  valuable  figures  in  regard  to  the  strength  of  the  sewage,  as  well 
as  the  approximate  volume  of  sewage  reaching  each  area.     (See  paper 

beyond.) 

Fresh,  Stale  and  Septic  Sewaoe. 

Sewage  is  the  filth  flowing  in  our  sewers,  consisting  of  wastes 
from  houses,  stores  and  streets,  together  with  the  water  used  for 
washing  these  wastes  into  the  sewers.  In  many  places,  waste 
liquors  from  industrial  establishments  largely  augment  the  volume 
of  sewage. 

It  is  evident  that,  when  this  mixture  of  filth  and  organic  matters 
of  all  kinds,  with  the  waste  water  of  a  town,  has  just  occurred, 
and  little  time  has  been  given  for  mechanical,  chemical  and  bacterial 
actions  to  take  place  in  the  sewers,  we  have  a  liquid  containing 
organic  matter  quite  differently  constituted  —  that  is,  of  a  different 
mechanical  and  chemical  composition  —  from  the  same  matter  in  the 
sewage  when  opportunity  has  been  given  for  these  various  actions 
to  ti^e  place.  The  sewage  at  first  contains  generally  free  oxygen 
and  nitrogen  in  the  form  of  nitrates  and  nitrites,  and  the  proportion 
of  organic  matters  in  suspension  is  comparatively  large.  Such  a 
liquid  we  call  fre^h  sewage. 

As  this  fresh  sewage  flows  along  the  sewers,  mechanical,  chemical 
and  bacterial  forces  act  upon  it,  and  the  composition  of  its  organic 
constituents  undergoes  a  distinct  change.  This  change  is  practically 
the  breaking  up  of  the  organic  matter  into  simpler  forms,  and  is  the 
initial  step  in  the  process  by  which  the  organic  matter  is  finally 
changed  to  inorganic  matter.  The  change  carried  on  in  fresh  sewage 
containing  free  oxygen  is  as  follows :  the  carbon,  under  bacterial 
influences  in  the  presence  of  free  oxygen,  is  oxidized,  the  nitrogen 
and  hydrogen  unite  to  form  ammonia,  and  this  unites  with  the  car- 


No.  34.]  FILTRATION  OF  SEWAGE.  435 

bon  dioxide  to  form  ammonium  carbonate.  Thus,  until  the  dissolved 
oxygen  is  exhausted,  the  free  ammonia  increases,  while  the  crude 
organic  matter  decreases.  Sewage  when  its  free  oxygen  has  just 
become  exhausted  and  its  free  ammonia  increased  to  the  maximum 
possible  by  the  exhaustion  of  its  oxygen  we  designate  as  stale  sewage. 

Sewage  containing  free  oxygen  and  for  this  reason  comparatively 
free  from  putrefying  actions  has  not  a  particularly  offensive  odor, 
and  the  same  can  be  said,  though  in  a  less  degree,  of  stale  sewage. 
When  the  oxygen  is  exhausted  bacterial  life  continues  active  and 
chemical  changes  go  on  and  continue  the  breaking  up  of  the  organic 
matter  into  simpler  forms.  But,  as  oxygen  is  not  present,  the 
action  by  which  the  organic  matter  is  still  farther  changed  is  a 
putrefying  one,  and  the  sewage  becomes  veiy  ill-smelling  on 
account  of  the  generation  and  escape  of  hydrogen  compounds  of 
carbon,  sulphur  and  phosphoinis.  Nitrogen  is  also  set  free  in  this 
putrefying  process.  The  result  of  all  these  changes  is  to  decrease 
the  amount  of  carbonaceous  and  nitrogenous  matter  in  the  sewage. 
Sewage  when  in  this  state  is  now  known,  since  the  results  of  cer- 
tain English  experiments  have  been  published,  as  septic  sewage; 
not  a  very  appropriate  term,  but  one  which  we  shall  probably  have 
to  accept  on  account  of  its  general  use  at  the  present  time.  This 
action,  resulting  in  the  change  of  stale  sewage  into  septic  sewage, 
can  probably,  if  sufficient  time  is  given,  be  continued  until  nearly 
all  the  organic  matter  in  suspension  is  changed  into  soluble  forms. 

The  fact  that  the  organic  matter  in  suspension  in  sewage  is  the 
chief  source  of  difficulty  in  sewage  purification  by  intermittent 
filtration  was  early  made  clear  by  the  work  at  Lawrence,  and  all 
our  investigations  upon  rapid  methods  of  sewage  purification  have 
dealt  with  processes  of  getting  rid  of  or  destroying  in  some  manner 
this  organic  matter  in  suspension.  The  fact  that  the  percentage  of 
suspended  organic  matter  present  in  a  sewage  decreases  with  the 
increased  age  of  the  sewage,  and  that  stale  sewage  was  more  easily 
disposed  of  upon  sand  filters  than  fresh  sewage,  on  account  of 
this  fact,  has  been  known  and  the  results  of  experiments  upon  this 
matter  have  been  given  in  the  last  four  reports  of  the  Board.  For 
instance,  in  the  report  for  1895  it  was  stated  that  if  sewage  is  stale 
when  reaching  the  filter  the  organic  matter  in  suspension  is  finely 
divided  and  hence  a  much  larger  percentage  of  it  will  enter  the 
pores  of  the  filtering  material,  and  the  filter  sur&ce  will  not  become 
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BO  quickly  clogged  as  it  will  when  fresh  sewage,  with  less  finely 
divided  slndge,  is  applied  to  a  filter.  It  was  also  stated  at  that  time 
that  the  organic  matter  decreases  as  the  sewage  increases  in  age, 
and  that  which  remains  is  more  easily  attacked  by  the  bacteria  always 
present  in  the  filter.  In  the  report  for  1896,  experiments  showing 
the  difiereDt  work  of  filters  receiving  in  one  case  fresh  and  in  the 
other  stale  sewage  were  given  in  detail,  and  further  discussion  of 
this  matter  was  given  in  the  report  for  1897. 

The  two  following  tables  show  the  average  analysis  ot  fresh  sew- 
age taken  directly  from  a  manhole  in  the  Lawrence  Street  sewer, 
and  the  average  analysis  of  the  sewage  pumped  at  the  station  after 
having  passed  through  a  2.5-inch  pipe  4,300  feet  long  and  reaching 
from  this  manhole  to  the  experiment  station.  The  samples  collected 
directly  from  the  sewer  were  all  taken  during  the  forenoon,  when 
the  strongest  sewage  is  running  in  the  sewer,  while  the  samples  col- 
lected at  the  station  represent  more  nearly  the  average  of  the  twenty- 
four-hour  flow. 

The  proportion  of  suspended  organic  matter  in  the  two  sewages 
is  not,  however,  fairly  shown  by  the  albuminoid  ammonia  determi- 
nations, as  this  determination  when  applied  to  the  fresh  Lawrence 
Street  sewage  detects  only  about  25  per  cent,  of  the  organic  matter 
in  suspension,  while  when  applied  to  the  stale  station  sewage  it 
detects  about  50  per  cent,  of  the  organic  matter  in  suspension.  That 
is,  in  this  older  sewage  the  organic  matter  is  more  easily  oxidized 
by  the  alkaline  permanganate  used  in  the  process  of  analysis. 


Monlhly  Average  of  Anaiytea  of  Setoage  from  tA«  Lmorenoe  Street  Sewer. 
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MonMy  Averages  of  Analyses  of  Regular  Sewage  Samples. 

[Putt  p«r  100,000.] 


i 


January, 
Fobrouy,    • 
Ifareh,. 

April,  .       .       . 
May,    .       .       . 

JUM,     . 

July,    • 
Aagnat, 
B«ptemb«r,  • 
Oatob«r, 
NoTMDber,  . 
Deocmber,  • 
AT«rag0, 


46 
47 
46 
46 
66 
06 
73 
74 
68 
68 
49 
46 


66 


I 


B 


3.60 
8.68 

a.7i 

S.78 
8.07 
8.28 
8.00 
2.10 
2.01 
4.08 
8.98 
2.00 


2.09 


ALBUXUrOID  AimoxiA. 


I 


.67 
.66 
.66 
.69 
.61 
.66 
.46 
.40 
.66 
.66 
.77 
.69 


.68 


.84 
.81 
.84 
.87 
.29 
.24 
.22 
.18 
.22 
.81 
.88 
.81 


.29 


.a 


• 

g 


.28 
.26 
.22 
.32 
.82 
.82 
.24 
.22 
.88 
.84 
.44 


4 
I 


6.69 
6.01 
6.16 
6.26 
6.81 
8.07 
8.40 
8.60 
7.72 
7.77 
7.82 
6.14 


7.07 


8.14 
2.01 
2.87 
8.66 
8.20 
8.00 
2.42 
2.76 
8.26 
8.66 
4.41 
8.46 


Is 


fi 


8.22 


2,860,000 
2,178,000 
1,560,000 
1,068,000 
1,016,000 
1,641,000 
1.076»000 
886,000 
1,766,000 
2,806,000 
2,404,000 
2,800,000 


1,862,000 


MonMy  Averages  of  Mixed  Samples  representing  aU  of  the  Sewage  applied  to 

Filters  1,6  and  9  A. 

[FarU  per  100,000.] 


18M. 


FSU  AXMOIIIA. 


I 


Jaanary, 

2.48 

Fobmary,     < 

8.64 

Mareb,  . 

8.78 

April,    • 

8.64 

May,      . 

8.46 

June,     . 

*      •      • 

8.40 

July,     . 

2.48 

Aagnatt 

2.69 

September,   . 

2.89 

October, 

8.81 

ZiOTeinberi 

3.86 

Deeember, 

4.00 

A^erife, 

8.28 

2.18 
2.20 
2.16 
2.42 
8.61 
4.26 
8.67 
8.00 
8.01 
4.80 
4.20 
4.46 
8.28 


2.18 
2.86 
2.46 
2.46 
2.76 
8.80 
2.64 
2.20 
2.18 
8.40 
8.68 
2.82 
2.80 


Albumikoxd 
axmohxju 


.60 
.06 
.72 
.00 
.84 
.82 
.67 
.60 
.66 
.TO 
.00 
.98 
.77 


0.62 
0.62 
0.44 
0.60 
0.80 
0.78 
0.80 
0.67 
0.44 
1.01 
0.92 
0.77 
0.60 


& 

e 


.60 
.66 
.62 
.08 
.78 
.72 
.64 
.84 
.86 
.82 
.86 
.66 
.62 


OXTQKH 
CO>0UXBX». 


S 
g 


e 

I 


I 


2.76 

2.80 

4.68 

2.76 

4.28 

2.68 

4.84 

2.86 

8.80 

8.78 

4.18 

4.08 

8.00 

8.68 

8.90 

8.68 

8.48 

2.98 

4.66 

4.88 

6.28 

6.45 

6.70 

4.06 

4.11 

8.68 

2.52 
2.96 
8.00 
8.58 
8.00 
8.60 
2.88 
2.46 
2.80 
4.80 
4.66 
8.72 
8.20 


Chlobxms. 


i 


e 


4.40 

4.22 

6.06 

4.86 

6.78 

8.67 

4.60 

3.40 

4.78 

6.01 

6.48 

7.07 

6.68 

8.78 

7.82 

10.74 

6.80 

7.64 

7.48 

0.10 

7.17 

7.92 

7.66 

6.04 

6.17 

6.67 

4.76 
4.78 
4.80 
8.86 
4.47 
7.28 
7.29 
7.07 
6.49 
7.47 
6.66 
6.74 
6.84 
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Septic  Tank  System. 

The  processes  by  which  the  percentage  of  suspended  organic  mat- 
ter can  be  reduced  are  now  being  taken  advantage  of  by  the  so-called 
septic  tank  system  (first  in  operation  in  Exeter,  Eng.),  the  main 
feature  of  which  is  an  air-tight  tank  into  which  the  sewage  passes  to 
be  retained  for  a  time  in  order  to  allow  the  bacteria  of  decomposi- 
tion, and  subsequently  those  of  putrefaction,  to  break  up  the  organic 
matters  into  simpler  forms. 

During  the  year  we  have  studied  this  method  with  very  interesting 
results.  An  air-tight  wooden  tank,  divided  into  two  compartments 
by  a  partition  midway  in  the  tank,  has  been  used  as  a  septic  tank. 
The  sewage  flows  into  one  compartment,  and  over  this  partition  into 
the  other,  from  which  it  is  withdrawn  by  means  of  a  faucet  midway 
between  the  top  and  bottom  of  the  side  of  the  tank.  Thus  we  avoid 
drawing  out  either  the  sediment  from  the  bottom  of  the  tank  or  the 
&t  and  fatty  matters  which  accumulate  upon  the  surface  of  the  sew- 
age. The  sewage  remains  in  the  tank  from  twenty-four  to  thirty- 
six  hours,  and  the  tank  is  always  kept  fiiU,  sewage  being  run  into 
the  tank  when  any  is  withdrawn,  and  at  the  same  rate. 

The  two  following  tables  give  the  average  analyses  for  the  year 
of  the  sewage  that  enters  the  tank  and  the  average  analyses  of  the 
effluent  from  the  tank :  — 


Sewage  (u  U  erUera  Septic  Tank, 

[ParU  per  100,000.] 


April,.       . 
May,   .       . 
Jane,  . 
July,  . 
Angoat, 
September, 
October,     . 
Korember, 
Beoember, . 
Average, 


ISM. 


AmfOMIA. 


4.04 
4.40 
4.88 

4.00 
8.88 
4.08 
4.80 
6.28 
4.0S 


▲LBUXniOZD. 


Total. 


4.44 


1.18 
0.88 
0.T4 
0.00 
0.68 
0.04 
0.70 
0.80 
0.84 
0.70 


In 
Bolotion. 


.71 
.68 

.44 

.41 
.84 

.88 
.42 
.61 
.60 
.47 


dUoitee. 


0.60 

0.08 

7.82 

U.21 

12.80 

18.18 

8.74 

8.M 

7.86 

0.21 


Oxygwi 
Oonaemed. 


4.04 
8.88 

8.08 
8.20 
S.M 
8.78 
8.74 
6.08 

4.es 

4.60 
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S^ie  Sewage—  Effluent  of  the  Sq>lie  Tank. 

[PuU  ft  100,000.] 


ISM. 


I 


II 


January, 
February,    • 
Hareb, . 
April,  . 
May.    .       . 
June,    .       . 
July,    . 
Angiut, 
6«ptemb«r,  . 
Oetob«r,      • 
NoT«mb«r,  . 
Deeember,  . 
AY«rage, 


61 

48 

46. 

62 

06 

78 

72 

66 

00 

48 

49 


67 


i 

B 

§ 


4.10 
6.03 
4.80 
6.18 
6.21 
4.87 
4.48 
4.16 
6.10 
4.07 
6.86 
4.92 


4.86 


ALBUMINOID  AMMOVIA. 


.84 

.40 
.48 
.66 
.47 
.88 
.84 
.8! 
.48 
.80 
.46 
.44 


.41 


1^ 


.82 
.87 
.40 
.87 
.28 
.27 
.24 
.27 
.20 
.87 
.34 


.82 


-I 

"I 


.00 
.08 
.11 
.16 
.10 
.06 
.07 
.07 
.10 
.10 
.08 
.10 


.00 


I 


0.86 

&.61 

10.97 

7.64 

8.97 

11.89 

14.26 

12.48 

12.40 

8.86 

10.21 

8.32 


10.11 


1 

5 


1.88 
2.10 
2.02 
2.04 
2.34 
2.40 
1.80 
1.87 
2.80 
2.04 
2.80 
2.04 


2.80 


1 

■cots 


So  a 

n 


284,000 
200,000 
266,000 
240,000 
626,000 
104,000 
817,000 
184,000 
807,000 
860,000 
667,000 
602,000 


824,600 


The  sewage,  when  drawn  from  the  tank,  is  generally  of  an  exceed- 
ingly offensive  odor  and  darker  colored  than  when  it  enters,  but 
always  clearer  than  the  ordinary  sewage.  It  contains  a  compara- 
tively small  amount  of  nitrogenous  organic  matter  in  suspension, 
only  about  22  per  cent,  of  the  organic  nitrogen  in  the  tank  effluent 
being  in  suspension,  as  compared  with  40  per  cent,  when  the  sewage 
enters  the  tank.  It  is  also  evident  from  inspection  that  this  sus- 
pended matter  is  much  more  finely  divided  than  that  in  the  fresher 
sewage.  The  free  ammonia  is  increased  but  slightly,  owing  to  the 
&ct  that  the  dissolved  oxygen  primarily  present  in  the  sewage  is 
nearly  exhausted  in  the  station  sewage  before  it  enters  the  tank. 
The  total  albuminoid  ammonia  is  decreased  about  48  per  cent,  and 
the  carbonaceous  matters,  indicated  by  the  determination  of  oxygen 
consumed  from  permanganate,  about  43  per  cent.  No  nitrification, 
of  course,  takes  place  within  this  tank,  and  we  have  found  that  the 
nitrifying  and  oxidizing  bacteria — that  is,  those  bacteria  depending 
upon  the  presence  of  oxygen  for  their  life  and  functional  activities 
—  are  destroyed  while  the  sewage  is  passing  through  the  tank. 
The  number  of  organisms  present  in  the  tank  effluent  is  only  about 
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15  per  cent,  of  the  number  in  the  sewage  as  it  enters  the  tank,  as 
determined  by  ordinary  plate  cultures.  The  bacteria  living  through 
this  period  and  present  in  the  effluent  of  the  tank,  moreover,  are 
almost  all  facultative  bacteria,  that  is,  those  capable  of  living  either 
with  or  without  the  presence  of  oxygen.  A  greater  proportion  of 
the  bacteria  in  the  tank  effluent  are  liquefying  bacteria  than  of  the 
total  number  of  bacteria  in  the  sewage  as  it  enters  the  tank. 

Application  op  Septic  Sewage  to  Filters. 

Filter  JSTo.  100. 

On  the  first  of  January,  1898,  a  filter  containing  5  feet  in  depth 
of  sand,  with  an  effective  size  of  0.26  millimeter,  —  that  is,  a  sand 
very  favorable  for  the  purification  of  sewage  by  intermittent  filtra- 
tion, —  was  constructed  to  receive  this  septic  sewage.  The  rate  of 
operation  of  this  filter  for  the  first  seven  months  was  100,000  gallons 
per  acre  daily,  and  upon  September  10  the  rate  was  doubled.  The 
filter  is  located  within  the  buildings,  and,  although  started  in  mid- 
winter, was  kept  at  an  average  temperature  for  the  month  of  about 
46  degrees,  as  shown  by  the  temperature  of  the  filter  effluent.  Nitri- 
fication was  very  slow  in  starting,  however,  much  slower  than  would 
have  been  the  case  with  a  filter  receiving  sewage  in  a  less  advanced 
state  of  putrefiEustion  than  this  septic  sewage.  During  the  first  month 
of  operation  the  nitrates  did  not  reach  .10  of  a  part  per  100,000^ 
and  not  until  the  middle  of  February  did  they  reach  1.00  part  per 
100,000,  the  free  ammonia  at  this  time  being  3.50  parts.  Since 
that  time,  however,  nitrification  has  been  active  within  the  filter, 
although  not  until  the  19th  of  July  did  the  free  ammonia  in  the  efflu- 
ent become  less  than  1.00  part  per  100,000  and  the  nitrites  lower 
than  .10  of  a  part  per  100,000.  The  albuminoid  ammonia  during 
all  this  period  averaged  more  than  .10  of  a  part,  and  since  the  last 
date  mentioned  (July  19),  while  the  results  have  been  better  than 
those  previously  obtained,  still  the  effluent  of  the  filter  is  always 
somewhat  turbid,  and  generally  decidedly  so,  and  also  has  a  dis- 
agreeable odor.  K  the  ordinary  stale  sewage  pumped  at  the  station 
had  been  applied  at  the  same  rate  to  this  filter  as  the  septic  sewage 
was  during  the  first  eight  months  of  the  year,  we  should  certainly 
have  obtained  an  effluent  clear,  practically  colorless,  with  little  tur- 
bidity and  without  appreciable  odor.  Owing  to  the  small  amount 
of  organic  matter  in  suspension  in  the  sewage  applied,  the  surface  of 
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the  filter  has  been  in  good  condition  daring  the  year,  and  the  sewage 
has  passed  below  the  sarfiuse  almost  immediately.  The  average 
analysis  of  the  effluent  of  this  filter  for  the  year  was  as  follows :  — 

Effluent  of  Filler  No,  100. 

[Parte  per  100,000.] 


Qnan- 

AppBed. 

Gallons 

per  Acre 

DaUy 

IbrBlz 

Dayflna 

Week.* 

TSMPBBA- 
TUBS. 

DBa.F. 

Lengthen 

Tune 

Sewage 

on 
Sorftwe. 

Hoore  add 
lilnates. 

AppKABAiroa. 

Amxoxxa. 

4 

1 
6.68 

NiTBOOaN 

AS 

1 

• 

1 

^ 

1 

1 

a 

1 

i 

» 

Im  tl 

18M. 

1 

«J 

|l 

Jannary,    . 

100.000 

fi9 

44 

Im. 

Decided. 

.16 

3.86 

.0686 

0.06 

.0368 

0.80 

866.000 

February,  . 

100.000 

61 

48 

Im. 

I>eolded. 

.84 

8.77 

.1136 

7.86 

0.88 

.1316 

0.67 

84.600 

Mareh, 

100.000 

48 

46 

Im. 

Dedded. 

.48 

3.08 

.1880 

10.76 

3.04 

.1000 

0.96 

03,400 

April, 

100,000 

45 

48 

9m. 

Deeided. 

.44 

1.44 

.1376 

7.68 

3.67 

.3700 

1.08 

138.400 

May,  .       . 

100.000 

63 

63 

9m. 

Decided. 

.46 

1.47 

.1840 

0.06 

3.66 

.3867 

1.18 

03.700 

June,  • 

100,000 

00 

64 

Im. 

G-reat. 

.48 

1.60 

.1476 

11.80 

3.48 

.1676 

1.08 

78.400 

July,  . 

100,000 

73 

78 

Im. 

Decided. 

.87 

1.16 

.0087 

18.90 

8.01 

.0467 

0.78 

84.000 

Angnat. 

100.000 

T9 

74 

Im. 

Decided. 

.38 

0.40 

.0647 

11.48 

3.03 

.0067 

0.68 

36.800 

B«pt«nber, 

166.000 

80 

66 

Im. 

Dedded. 

.34 

0.80 

.0668 

11.16 

8.80 

.0087 

0.47 

87.900 

Oelob«r,     . 

900,000 

60 

60 

9m. 

Decided. 

.93 

0.64 

.0740 

8.81 

3.88 

.0036 

0.64 

80.000 

J^OTWUDarf  • 

900,000 

48 

48 

9m. 

Decided. 

.80 

0.88 

.1060 

0.80 

8.38 

.0131 

0.77 

48,600 

DieembT, . 

900,000 

48 
67 

46 
66 

9m. 

Decided. 

.88 
.84 

0.88 
1.40 

.1066 
.1038 

8.18 

o.n 

3.03 
3.48 

.0088 

0.74 

44.000 

Avaraga,    . 

180.000 

- 

- 

.0044 

0.76 

88.000 

Bnrfaoe  raked  8  incbee  deep  each  week. 

*  Nearly  all  of  tbe  sewage  fllters  are  flooded  six  days  in  the  week ;  none  are  flooded  Sundays.  The 
flgnres  given  in  this  coluom  are  calculated  upon  the  exact  Tolumee  applied. 


The  comparatively  poor  qualitative  results  obtained  by  the  inter- 
mittent filtration  of  this  septic  sewage  through  this  filter  are  un- 
doubtedly due  to  a  number  of  different  influences.  The  principal 
one  is  that,  although  the  nitrifying  bacteria  finally  became  estab- 
lished within  the  filter,  yet  each  application  of  sewage,  as  it  passes 
down,  has  set  free  from  it  the  gases  generated  in  the  septic  tank 
and  retained  in  solution  in  the  sewage  until  this  time ;  and  the  bac- 
terial results  obtained  from  the  septic  tank  make  clear  that  the 
gases  in  solution  in  the  septic  sewage  must  be  inimical  to  the  life 
of  oxidizing  bacteria,  or  prevent  them  from  performing  their  usual 
efficient  work.  The  gases  and  the  easily  attacked  organic  matter 
in  the  sewage  also  rapidly  exhaust  the  air  held  in  the  pores  of  the 
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filter.  This  is  shown  by  the  fact  that  the  filter  effluent  very  seldom 
contains  any  dissolved  oxygen,  in  distinction  from  the  effluent  of 
filters  receiving  ordinary  fresh  or  stale  sewage. 


Sludge  in  Tubes. 

It  is  also  probable  that  various  toxins  are  produced  by  the  bac- 
teria in  the  tank.  An  experiment  illustrative  of  this  was  made  by 
filling  with  very  strong  sewage  two  glass  tubes  about  5  feet  long 
and  2  inches  in  diameter,  and  allowing  the  tubes  to  stand  for  the 
actions  to  occur  in  the  sewage  which  should  result  in  the  change  of 
the  suspended  matters  into  soluble  forms,  according  to  the  septic 
tank  theory,  one  of  these  tubes  being  open  and  the  other  sealed. 
For  a  few  days  gases  were  generated  in  this  sludge,  bubbles  passed 
to  the  top  of  the  tubes  and  more  or  less  movement  of  the  sludge 
took  place.  Shortly,  however,  the  actions  almost  ceased,  and  sam- 
ples taken  for  bacterial  analysis  showed  an  almost  entire  absence 
of  bacterial  life  in  the  sewage.  A  very  few  bacteria  developed  upon 
our  culture  plates,  but  forms  may  have  been  present  which  would 
only  grow  on  plates  from  which  air  was  entirely  excluded.  That 
this  was  probably  true  is  shown  by  the  fact  that  after  a  period  of 
stagnation  bacterial  life  again  became  active  in  these  tubes,  and 
gases  —  largely  marsh  gas  —  were  generated,  and  the  sludge  gradu- 
ally became  disintegrated,  helped  in  the  open  tube  by  an  abundant 
growth  of  Pleurococcus.  In  the  septic  tank  the  complete  destruc- 
tion of  aerobic  bacteria  does  not  occur,  on  account  of  the  daily 
change  of  sewage. 

Fater  m.  103. 

A  second  filter  receiving  this  septic  sewage  is  a  bacterial  filter,  so 
called,  containing  5  feet  in  depth  of  small  pieces  of  coke  of  such 
a  size  that  all  will  pass  through  a  sieve  with  a  quarter-inch  mesh, 
and  but  a  few  of  the  pieces  through  a  sieve  with  an  eighth-inch 
mesh.     The  method  of  operating  this  filter  is  as  follows :  — 

In  the  morning  the  outlet  is  closed,  and  sewage  is  applied  onoe 
an  hour  until  the  entire  open  space  of  the  filter  is  filled,  and  the 
sewage  just  covers  its  surface.  Operating  in  this  way  the  filter  is 
filled  in  eight  hours.  The  sewage  is  allowed  to  remain  in  it  two 
hours  after  the  last  application,  when  the  outlet  is  opened  and  the 
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filter  allowed  to  drain  very  slowly.  Its  rate  of  operation  for  the 
past  ten  months  has  been  800,000  gallons  per  acre  daily.  The  ad- 
vantage of  having  the  filter  of  such  material  as  this,  and  of  operat- 
ing it  in  the  way  mentioned,  is  that,  owing  to  the  coarseness  of  the 
material  and  the  large  open  space,  not  only  is  surface  clogging  pre- 
vented, but  the  entire  depth  of  the  filter  is  brought  into  active  use 
with  the  sewage  applied  each  day.  Another  advantage,  especially 
with  the  septic  sewage,  is  that,  in  passing  rapidly  down  over  the 
coarse  material,  not  only  is  the  sewage  aerated  to  a  certain  extent, 
and  thus  the  foul  gases  removed  from  it,  but  also,  by  the  method  of 
operation,  air  is  introduced  through  the  entire  depth  of  the  filter 
«ach  day.  During  the  first  three  months  of  operation  of  this  filter 
the  free  ammonia  of  the  applied  sewage  was  reduced  but  little,  while 
the  albuminoid  ammonia  was  reduced  about  70  per  cent.  The  great- 
est reduction,  however,  was  of  the  carbonaceous  matters,  as  shown 
by  the  determination  of  oxygen  consumed. 

Beginning  in  May,  however,  nitrification  became  active  within  the 
filter ;  the  free  ammonia  present  in  the  eflluent  was  very  much  re- 
duced compared  with  the  amount  present  in  the  sewage  applied,  the 
albuminoid  ammonia  became  very  much  less,  and  the  efiiuent  of  the 
filter  comparatively  clear  and  odorless.  In  fact,  for  the  past  seven 
months  this  filter,  although  operating  at  a  rate  many  times  as  great 
as  the  intermittent  filter  just  described,  has  given  a  better  appearing 
efiiuent  than  the  intermittent  filter,  and  one  which  contains  less 
organic  matter,  as  shown  by  the  analyses,  and  only  about  one-half 
as  many  bacteria.  Even  during  the  pre-nitrification  period  of  this 
filter  the  effluent  was  quite  clear  and  almost  without  odor ;  and  when 
allowed  to  stand  in  bottles  in  the  laboratory  for  months  no  odor 
developed,  showing  that,  without  doubt,  the  organic  matter  still 
present  had  been  so  worked  over  by  the  bacteria  in  the  filter  that 
it  was  not  capable  of  further  putrefaction.  The  results  obtained 
with  this  filter  were  much  better  than  results  at  corresponding  rates 
in  similar  filters  with  fresher  sewage.  These  other  filters  and  their 
results  are  described  further  on  in  this  report. 

The  following  table  gives  the  average  analysis  for  the  year  of  the 
effluent  of  the  filter  just  described :  — 
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Effluent  of  FiUer  No,  103. 
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FUter  No.  116. 

Daring  the  last  week  of  September,  1898,  a  third  filter  was  put 
in  operation  to  receive  septic  sewage.  This  filter  contains  5  feet  in 
depth  of  sand  with  an  efi^ctiye  size  of  0.17  millimeter.  The  rate 
of  operation  at  first  was  100,000  gallons  per  acre  daily,  and  on 
November  9  this  rate  was  doubled.  Owing  to  the  sand  in  this  filter 
being  finer  than  the  sand  in  Filter  No.  100,  and  the  consequent 
slower  passage  of  the  sewage  through  the  filter,  a  better-strained 
and  better-purified  effluent  has  been  obtained  than  the  effluent  from 
Filter  No.  100.  This  result  being  aided  also  by  the  slower  passage 
of  the  sewage  into  the  filter,  allowing  an  opportunity  for  the  escape 
of  marsh  gas  before  the  sewage  passes  below  the  surface  of  the  sand. 

The  following  table  presents  the  average  of  the  analyses :  — 
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Effluent  of  Filter  No.  116. 

[ParUpw  100,000.] 
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ConclusioTis. 

The  results  obtained  from  these  three  filters  are  very  instructive, 
and  show  that  the  septic-tank  process  for  the  initiation  of  the  puri- 
fication of  sewage  is  one  of  much  interest.  With  intermittent  Filter 
No.  100  as  good  qualitative  results  were  not  obtained  as  would  have 
been  obtained  with  fresher  sewage ;  but  with  the  bacterial  filter  better 
results  were  obtained  than  we  have  ever  been  able  to  achieve  with 
bacterial  filters  receiving  fresher  sewage.  Moreover,  it  was  thought 
probable  that  if  the  sewage,  before  being  applied  to  the  intermittent 
sand  filter,  had  been  aerated  in  some  such  manner  as  running  over 
steps  or  being  forced  in  jets  upon  the  filter,  the  gases,  which  have 
evidently  been  detrimental  to  good  results,  would  have  been  re- 
moved, and  better  results  could  have  been  expected.  To  study  it 
this  were  so  or  not,  another  filter  was  put  in  operation  toward  the 
end  of  the  year,  which  is  a  duplicate  in  every  respect  of  Filter  No. 
100,  except  that  the  septic  sewage  is  aerated  before  application  to 
the  filter.  The  results  so  far  obtained  indicate  quite  strongly  that 
the  filter  will  purify  sewage  to  a  greater  degree  than  Filter  No.  100 
and  at  a  much  greater  rate. 

Our  studies  have  also  indicated  that  it  is  probable  that  a  much 
smaller  septic  tank  can  be  used,  in  proportion  to  the  volume  of 
sewage  flowing,  especially  where  this  volume  is  large,  than  has  been 
proposed  abroad,  for  this  reason  :  a  sewage  of  ordinary  age — that 
is,  one  which  has  travelled  for  any  considerable  distance  in  the 
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sewers  —  will,  when  it  reaches  its  point  of  disposal,  be  practically 
free  from  dissolved  oxygen,  all  having  been  exhausted  before  reach- 
ing this  point.  If  such  a  sewage  is  run  into  a  properly  built  septic 
tank,  no  air  will  be  carried  in  with  it,  and  the  length  of  time  which 
it  remains  within  the  tank  need  be  only  long  enough  to  allow  a  pre- 
cipitation of  the  organic  matters  in  suspension  and  the  accumulation 
of  the  fats  upon  the  surface  of  the  sewage.  These  matters  can  re- 
main in  the  tank  for  an  indefinite  time,  —  being  added  to,  of  course, 
each  day  by  the  sewage  flowing  through,  —  and,  by  the  action  of  the 
bacteria  of  decomposition  and  putrefaction,  a  large  percentage  of 
the  sludge  will  be  slowly  changed  to  the  soluble  form,  and  pass 
away  to  a  large  extent,  perhaps,  in  the  efiluent  of  the  tank.  It 
seems  to  be  doubtful  if  it  is  necessary  to  have  this  tank  air-tight ; 
it  is  also  doubtful  if  it  is  necessary  to  exclude  light,  experiments 
made  at  Lawrence  seeming  to  show  that  the  action  goes  on  as  well 
in  the  presence  of  air  over  the  surface  of  the  sewage  and  with  light 
as  it  does  without  air  and  without  light.  Of  course,  with  an  air- 
tight tank  the  gases  can  be  prevented  from  escaping  into  the  air 
until  just  before  running  upon  the  sewage  filters,  and  at  that  time 
they  can  be  taken  care  of,  and  thus  prevented,  perhaps,  from  making 
the  tank  and  its  surroundings  a  nuisance.  It  is  also  probable  that 
higher  rates  of  filtration  of  the  tank  effluent  can  be  maintained 
than  followed  during  1898. 


Removal   of   Organic   Matters   in    Suspension    by    straintno 

THROUGH  Coke. 

Purification  of  Strained  Sewage  by  FUtration  through  Sand  or 

Coke  {FiUera  Nos.  14  A  and  65) . 

In  the  discussion  of  the  character  and  composition  of  sewage, 
mention  was  made  of  the  fact  that  the  suspended  organic  matter 
was  the  difficult  factor  with  which  we  have  to  deal.  That  this  is 
true  is  perhaps  made  more  evident  by  a  comparison  of  the  volume 
of  sewage  which  a  filter  is  able  to  purify  after  the  removal  of  a  given 
percentage  of  sludge,  with  the  volume  which  it  is  able  to  purify  with- 
out the  removal  of  sludge.  This  is  shown  quite  clearly,  for  instance, 
by  results  obtained  year  after  year  with  Filter  No.  14. 

This  filter  contains  5  feet  in  depth  of  sand  of  an  effective  size  of 
0.19  millimeter,  and  to  it  has  been  applied,  during  the  past  four 
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and  one-half  years,  sewage  which  has  first  been  strained  through  a^ 
layer  of  coke.  During  the  first  nine  months  of  operation  of  this 
filter  in  1898  the  depth  of  coke,  in  the  strainer  through  which  the 
sewage  applied  to  the  filter  was  first  passed,  was  6  inches,  and  the 
top  layer,  of  practically  1%  inches,  was  fine  coke  breeze.  Through 
this,  sewage  was  passed  at  a  rate  of  1,000,000  gallons  per  acre  daily. 
As  a  result  of  this  straining,  48  per  cent  of  the  total  organic  matter 
in  the  sewage  was  removed.  This  48  per  cent,  included,  moreover, 
73  per  cent,  of  the  organic  matters  originally  in  suspension  in  the 
sewage.  Owing  to  this,  the  surface  of  the  filter  did  not  become 
clogged,  and  a  rate  approximating  320,000  gallons  per  acre  daily 
was  easily  maintained  by  the  filter  during  these  nine  months  as  in 
previous  years,  and  we  obtained  a  well-purified  eflBiuent,  without 
turbidity,  with  very  little  color  and  without  odor,  the  average 
analysis  of  which  was  as  follows :  — 
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In  October,  the  coke  strainer  was  so  changed  that,  although  the 
depth  was  the  same,  no  coke  dust  was  present  in  it,  but  the  entire 
depth  consisted  of  small,  well-defined  pieces  of  coke.  The  rate  at 
which  the  strainer  was  operated  was  also  increased  to  2,000,000 
gallons  per  acre  daily,  a  rate  greater  than  could  be  maintained  with 
the  former  strainer,  owing  to  the  fineness  of  the  coke  breeze.  As 
a  result  of  this,  while  the  strainer  continued  to  remove  a  very  large 
percentage  of  the  total  organic  matter  of  the  applied  sewage,  the 
percentage  of  finely  divided  sludge  passing  through  was  increased 
greatly ;  and  after  a  month's  operation  of  Filter  No.  14  with  this 
less  clarified  sewage,  it  had  become  so  badly  clogged  that  the  rate  had 
to  be  reduced  one-half,  or  to  160,000  gallons  per  acre  daily.  Upon 
reducing  the  rate  of  operation  of  the  strainer  again  to  1,000,000 
gallons  per  acre  daily,  better  results  were  obtained,  and  they  seem 
to  indicate  that  a  considerable  saving  in  the  amount  of  coke  used  in 
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the  strainer  per  1,000,000  gallons  of  sewage  strained  can  be  effected 
by  the  use  of  coke  somewhat  coarser  than  coke  breeze. 

The  second  filter  to  receive  this  strained  sewage  was  Filter  No. 
65,  constructed  Jan.  4,  1896.  This  filter  contained,  over  the  usual 
gravel  under  drains,  5  feet  in  depth  of  coke  breeze.  The  average 
rate  of  filtration  during  1896  was  290,000  gallons  per  acre  daily. 
During  1897  the  average  rate  was  311,000  gallons  per  acre  daily, 
and  during  1898  the  average  rate  was  509,000  gallons  per  acre 
daily.  During  the  entire  period  of  operation  of  this  filter  it  pro- 
duced a  fairly  well  purified  effluent.  It  was  operated  without  difii- 
culty  at  the  rates  given  for  over  two  years.  During  1898  surfisice 
clogging  occurred,  and  on  March  25,  2  inches  of  coke  was  scraped 
from  its  surface  and  the  filter  was  dug  over  to  a  depth  of  6  inches ; 
and  on  April  13,  6  inches  in  depth  of  coke  was  taken  from  the 
surfeice  of  the  filter,  but  the  remaining  depth  of  filtering  material 
was  in  good  condition.  The  filter  was  put  out  of  operation  at  the 
end  of  September,  1898. 

The  four  tables  beyond  show  the  average  analysis  of  (1)  the  sew- 
age applied  to  the  strainer,  (2)  the  effluent  from  the  strainer,  (3) 
the  effluent  of  the  sand  Filter  No.  14  A,  and  (4)  the  effluent  of  the 
coke  Filter  No.  65. 
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608,000 
1,888,000 
8,700h000 
8,818,000 
2,088,000 


8.84 


1,881,000 
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Monthly  Averages  of  Analysei  of  Sewage  strained  through  Coke  for  Filter  No.  14  A. 

[ParU  twr  100,000.] 


Free 

Ammonia. 

ALBOXmOID  Ammohia. 

1 

■ 

Baeteria    per 
Cable  Centi- 
meter. 

18»8. 

^ 

1' 

a 

if 

JaDaaiji 

t             • 

8.M 

.26 

.24 

.02 

6.80 

1.60 

666,000 

February, 

S.28 

.81 

.26 

.06 

4.88 

1.70 

070,000 

Kaicfa.   .       . 

2.M 

.88 

.20 

.04 

6.80 

1.66 

608,000 

April,     .       , 

S.49 

.81 

.27 

.04 

7.46 

1.48 

688,000 

May,       . 

a.  64 

.88 

.80 

.08 

8.82 

1.66 

780,000 

Jane,     . 

• 

8.00 

.80 

.10 

.11 

8.72 

1.86 

610,000 

jBly,      .       . 

2.42 

.28 

.90 

.08 

7.00 

1.07 

688,000 

Aognat,  • 

l.O 

.16 

.14 

.02 

8.67 

1.20 

82,600 

September,    < 

2.44 

.88 

.22 

.16 

7.67 

1.74 

660,000 

October, 

8.88 

.44 

.28 

.16 

7.76 

1.08 

601,000 

NoTember,    , 

8.08 

.40 

.80 

.10 

8.11 

2.72 

768,700 

December,    . 

1.00 

.84 

.24 

.10 

4.81 

2.88 

667,000 

ATcraga, 

2.60 

.88 

.24 

.00 

7.00 

1.74 

618,000 

Effluent  of  Filter  No.  14  A. 

[Parte  per  100,000.] 


1888. 


Jannary,    • 
Febmary, . 
Mareh, 
April, . 
May,  . 
Jane,  . 
July,  . 
Aognat, 
September, 
Oetober,     . 
Korember,. 
December, . 
ATcrage, 


Qoan- 

dtT 

Appucd. 

Oallona 

per  Acre 

Daily 

forilx 

Dayslna 

Week. 


820,000 
890.000 
817,000 
890,000 
820,000 
820,000 
820,000 
820,000 
806,000 
890,000 
210.000 
142,900 


208,000 


Tbmpbba- 

TUBB. 
DBO.  F. 


B 

8 

s 


46 

47 
61 
60 
60 
60 
76 
76 
71 
62 
62 
60 


60 


46 
48 
48 

48 
68 
67 
68 

76 
68 
61 
66 
47 


67 


Lenirthof 

Time 

Sewage 

Bemained 

on 
Sarikoe. 

Hoars  and 
Mlnatee. 


48m. 

60m. 

46m. 

61m. 

86m. 

86m. 

27m. 

66m. 

60m. 

68m. 
Ih.  2m. 
Ih.  80m. 


APPBAB4VCB. 


& 


None. 

None. 

None. 

None. 

None. 

v.  alight. 

None. 

None. 

None. 

None. 

None. 

None. 


.11 
.11 
.14 
.16 
.14 
.11 
.12 
.10 
.12 
.10 
.80 
.80 


.17 


Ammonia. 


i 


1 
I 


.0271 
.0168 
.0086 
.0112 
.0160 
.0207 
.0384 
.0027 
.0017 
.0088 
.6180 
.4626 


.1000 


.0180 
.0100 
.0177 
.0180 
.0108 
.0222 
.0284 
.0201 
.0228 
.0261 
.0464 
.0486 


.0247 


KlTBOOBV 
AS 

• 

4.60 

» 

s 

s 

1.66 

.0002 

6.61 

1.88 

.0001 

6.16 

1.07 

.0000 

6.28 

2.61 

.0001 

6.81 

2.77 

.0001 

7.07 

8.20 

.0000 

10.77 

8.00 

.0000 

8.12 

2.40 

.0000 

7.18 

2.40 

.0001 

10.26 

2.88 

.0000 

7.04 

2.42 

.0060 

6.72 

1 

7.04 

1 

2.07 
2.80 

.0007 

.0006 

.10 
.28 
.21 
.28 
.20 
.24 
.20 
.28 
.22 
.86 
.62 
.87 


70 
62 
64 
48 

80 
68 

46 

60 

808 

118 
248 
722 


.27 


162 


Sorfaee  raked  to  tbe  depth  of  8  inchee  twice  each  week;  apaded  to  the  depth  of  6  Inehee  April  8, 
Nerember  28  and  December  8. 
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Effluent  of  Filler  No.  66. 

[P»rt«  per  100,000.] 


Qaan- 

AppQed. 

Gallone 

per  acre 

DaUy 

forSk 

Dvrslna 

Week. 

TmrstA- 

TOIB. 

Length  of 

Tune 

Sewage 

Remained 

on 
Sarihoe. 

Hours  and 
Minutes. 

Appbabaxcx. 

AmroviA. 

6.26 

NlTXOOBV 

Aa 

B 

a 

1 

5 

1 

dbo.  f. 

6 

• 

1 

1 

8 

1. 

•< 

1 

s 

IMS. 

1 

i 

|l 

480,000 

46 

46 

Ih,  10m. 

BUght. 

.26 

.U76 

.0427 

1.82 

.0006 

.81 

66,60» 

Febnuuy,  . 

827,000 

47 

48 

lh.64m. 

V.  alight. 

.24 

.2404 

.0861 

6.15 

1.48 

.0017 

.28 

10,700 

ICareh, 

640,000 

U 

60 

8h.90m. 

BUgbt. 

.87 

.8221 

.0600 

6.10 

0.97 

.0041 

.47 

27,900 

Apiil, . 

M1,000 

00 

40 

61m. 

Dedded. 

.44 

.6888 

.0867 

4.85 

1.46 

.0088 

.47 

80,000 

IU7.  .       . 

480,000 

00 

48 

41m. 

Decided. 

.46 

.6718 

.0726 

4.68 

1.46 

.0060 

.4a 

88,000 

June,  • 

480,000 

00 

66 

lb.  Om. 

Deeided. 

.26 

.6860 

.0610 

7.74 

2.40 

.0086 

.86 

46,000 

July,  .       . 

480,000 

70 

68 

42m. 

Decided. 

.28 

.1788 

.0487 

10.88 

2.02 

.0061 

.80 

47,200 

Angnat, 

480,000 

70 

76 

lb*  8m. 

Decided. 

.82 

.1816 

.0640 

8.06 

1.68 

.0166 

.64 

§9jn9 

September, 

427,000 

n 

00 

64 
67 

66m. 

Bedded. 

.27 
.81 

.1800 

.0600 

6.91 
6.44 

1.76 
1.61 

.0006 

.n 

608,000 

Avenge, 

M0,000 

- 

.8727 

.0662 

.0046 

.80 

100,100 

Barfaee  raked  8  Inobee  deep  twice  each  week. 

Straining  Sewage  thbough  Coal. 

During  the  past  four  months,  an  experiment  has  been  carried  on 

upon  the  result  that  can  be  obtained  in  removing  sludge  from  sewage 

by  passing  the  sewage  through  a  layer  of  soft  coal  at  the  same  rate 

at  which  we  have  passed  it  through  coke,  and  the  results  have  been 

as  follows :  — 

Effluent  of  Coal  Strainer. 

[Parte  per  100,000.] 


Sewage  applied. 
Strained  aewage. 


Amvohia. 


Free. 


8.96 
8.90 


Albn- 
minold. 


.66 
.88 


Chtorlae. 


Oxjfen 
Coneomed. 


7.00 
6.60 


8.74 
1.90 


Baoterta 

perCnbie 

CenC 


2,100,000 
472,000 


Bacterial  Filters. 

The  so-called  bacterial  filters  are  always  constructed  of  coarse 
material  and  the  entire  depth  of  the  filter  is  brought  into  contact 
with  the  sewage  applied  each  day. 
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Seven  bacterial  filters  have  been  in  operation  during  the  year, 
namely,  Filters  Nos.  81,  82,  103,  104,  105,  107  and  108.  Filter 
No.  103  has  been  described  in  connection  with  the  discussion  upon 
septic  sewage.  All  the  bacterial  filters  have  been  operated  in  a  man- 
ner approximating  that  followed  with  Filter  No.  103  previously 
described,  but  the  others  have  received  the  ordinary  station  sewage 
instead  of  the  septic  sewage.  It  is  evident,  of  course,  that  in  order 
to  operate  a  filter  in  the  manner  in  which  the  bacterial  filters  are 
operated  the  filtering  material  must  be  of  so  coarse  a  nature  that  the 
open  space  between  the  particles  will  be  large  enough  for  the  se^i^age 
to  pass,  with  a  measurable  degree  of  readiness,  from  the  top  to  the 
bottom  of  the  filter  within  a  short  time.  With  filters  of  fine  sand, 
upon  which  the  sewage  remains  for  a  number  of  hours,  and  at  best 
only  passes  a  few  inches  below  the  surface  in  the  course  of  a  day, 
the  method  successful  in  operating  the  coarser  filters  could  not  be 
followed.  The  fact  that  these  bacterial  filters  are  constructed  of 
coarse  material  prevents  the  formation  of  a  scum  of  organic  matter 
on  the  surface  of  the  filter,  as  sometimes  occurs  with  a  filter  of  finer 
material,  and  which  results  in  excluding  air  and  preventing  the  sew- 
age from  passing  below  the  surface.  Also,  on  account  of  the  coarse- 
ness of  the  material,  clogging  cannot  easily  occur  by  the  closing 
up  of  the  pores  within  the  filter  with  organic  matter.  With  the 
materials  used  of  late,  such  as  cinders  and  coke,  the  open  space 
approximates  55  per  cent,  of  the  total  volume  of  the  filter ;  whereas 
in  the  ordinary  intermittent  sand  filter,  the  open  space  is  usually 
from  35  to  40  per  cent,  of  the  total  volume  of  the  filter.  In  the 
filter  of  coarse  material,  moreover,  owing  to  the  fact  that  a  much 
smaller  number  of  particles  is  necessary  to  fiU  a  given  volume,  each 
division  of  the  open  space  is  much  larger  than  these  divisions  when 
innumerable  small  particles  like  sand  grains  form  the  body  of  the 
filter. 

Rates  of  OpercUion  of  Bacterial  Filters, 

In  stating  the  rates  of  operation  of  bacterial  filters,  we  have  fol- 
lowed the  usual  rule  of  calculating  the  rates  by  the  surface  area  to 
which  a  given  volume  of  sewage  is  applied.  This  is,  perhaps,  not 
the  best  method  to  be  followed  with  filters  operated  in  this  way,  as 
the  rate  really  increases  with  the  depth  of  the  filter ;  and  a  filter  2 
feet  in  depth,  if  receiving  two-thirds  the  volume  of  sewage  applied 
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to  one  of  the  same  area  3  feet  in  depth,  is  being  operated  at  an  eqoal 
rate  with  the  latter,  when  the  actual  volume  of  filtering  material  is 
taken  into  consideration. 


Fater  m.  81. 

This  filter,  of  ashes  and  cinders,  was  first  put  in  operation  during 
1897,  and  had  applied  to  it  during  that  year,  at  the  rate  of  880,000 
gallons  per  acre  daily,  sewage  which  had  first  been  strained  through 
a  layer  of  coke  at  the  rate  of  1,000,000  gallons  per  acre  daily.  Good 
results  were  obtained  during  this  first  year  of  operation,  considering 
the  rate  of  filtration,  and  nitrification  was  active  within  the  filter,  the 
average  amount  of  nitrates  present  in  the  effluent  during  the  year 
being  1.39  parts.  The  same  rate  of  filtration  was  continued  during 
the  first  part  of  1898,  but  it  had  to  be  gradually  decreased,  owing 
to  the  fact  that  the  pores  of  the  filter  were  becoming  filled  and  clogged 
with  organic  matter  removed  from  the  sewage,  this  organic  matter 
evidently  accumulating  faster  than  the  filter  was  able  to  take  care 
of  it.  The  nitrates  in  the  effluent  became  less,  until  in  April  nitri- 
fication practically  ceased,  and  a  reducing  action  took  place  in  the 
filter ;  and  as  a  result,  the  effluent  was  highly  colored  with  iron ;  that 
is  to  say,  this  bacterial  filter,  operated  at  the  rate  named  and  witliout 
rest  for  a  period  of  sixteen  months,  reached  such  a  condition  that  a 
period  of  rest,  or  some  other  method  of  removing  clogging,  was 
necessary.  The  filter  was  allowed  to  rest  for  two  weeks  in  May,  and 
air  was  drawn  through  it  constantly  during  this  time.  It  was  then 
put  into  operation  again  at  the  same  rate  as  previously  followed.  At 
first,  good  nitrification  took  place,  but  in  a  few  days  the  filter  became 
clogged  again,  and  the  reducing  action  was  again  apparent,  showing 
that  the  period  of  rest  had  not  been  sufficient  for  the  removal  of 
much  of  the  clogging  material.  During  June  it  was  still  kept  in 
operation,  but  the  effluent  was  always  colored  with  iron,  and  nitrifi- 
cation had  practically  ceased.  During  July  a  period  of  rest  was 
again  allowed  the  filter,  and,  following  this,  better  results  were 
obtained  for  a  short  time ;  but  as  they  did  not  continue,  the  filter 
remained  out  of  operation  during  a  large  pai't  of  the  month  of 
August ;  and  in  September  the  results  were  still  so  poor  that  the 
filter  was  discontinued.  This  experiment  made  it  evident  that,  with 
the  material  in  the  filter  and  the  percentage  of  open  space,  the  rate 
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maintained  was  too  great,  and  the  filter  had  become  so  badly  clogged 
that  it  could  not,  by  any  process  tried,  be  again  restored  to  a  con- 
dition for  suitable  purification  to  take  place  within  it ;  that  is,  within 
a  reasonable  period  of  time. 

The  following  table  presents  the  average  analyses  of  the  effluent 
of  this  filter :  — 

Effluent  oj  FiUer  No.  81. 

[PftrU  per  100,000.] 


18»9. 


Quan- 
tity 
Appu«d. 

OflUODI 

p«r  Aere 

Dftlhr 

ft>r8U 

Dun  in  A 

WMk. 


JftBiwry,   • 
FbbniAiyt  • 
March, 
April.       • 

May.  • 

Jas«,  • 

Julyt  • 
Angnft,    • 
B«ptemb«r, 
ATerage, 


888,000 

888,000 
823,000 
474,000 
980,000 
884,000 


400,000 
444,000 


884,000 


TUtPERATUBB 
DBO.  F. 


I 


i 

s 


4ft 
47 
46 
6ft 
66 


78 

80 


ftft 


46 

47 
61 
60 
80 

60 


76 
71 


60 


AFPIABAirOB. 


6 


I 


Decided. 

Decided. 

Decided. 

Decided. 

Great. 

Great. 


Great. 
Great. 


0.46 
0.48 
0.68 
l.U 
0.60 


0.68 
1.60 


Amxohia. 


I 


ALBUMIMOID. 


1. 

1.1080 
1.4068 
1.7600 
2.1667 
8.6000 


1.7100 
2.4400 


1.0464 


.3620 
.8816 


.2188 


.1020 


.1600 
.1640 


.1866 
.1788 
.1600 
.1778 
.1878 
.1620 


.1480 
.0020 


.1601 


6 


7.02 
8.86 
8.60 
6.86 
7.00 
6.61 


7.61 
8.07 


7.81 


KmtooBH 


I 


0.78 
0.40 
0.42 
0.10 
1.78 
0.01 


1.76 
0.01 


0.67 


.0014 
.0018 
.0080 
.0018 
.0060 
.0040 


.0818 
.0016 


.0062 


I 

a 
e 

a 


s 
I* 


1.42|  807,000 
1.82  484,000 
1.04  886,600 
1.20  308,600 
1.80  104,000 
2.10  17,000 


1.17 
1.41 


1.44 


178,000 
118,800 


248,000 


*  Beddieh  brown. 


Filter  No.  82. 

This  is  a  bacterial  filter  containing  5  feet  in  depth  of  cinders.  The 
sewage  applied  has  not  been  treated  in  any  way,  and  goes  to  the 
surface  of  the  filter  in  the  following  manner :  across  the  filter,  and 
about  10  inches  above  its  surface,  an  iron  pipe  is  placed,  with  small 
orifices  extending  along  its  lower  half.  The  pipe  is  parallel  to  the 
surface.  The  sewage  is  pumped  to  a  tank  above  the  filter,  to  which 
the  delivery  pipe  is  attached,  and,  when  the  gate  is  opened,  the 
pressure  causes  the  sewage  to  rush  from  the  pipe  in  a  number  of 
streams.  By  this  means  air  is  introduced  into  the  sewage.  This 
filter  was  put  in  operation  in  April,  1897,  and  the  results  for  1898 
are  given  below :  — 
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Effluent  of  Filler  No.  82. 

[ParU  par  100,000.] 


Qnan- 
Appued. 

Gallone 
per  Acre 

Daily 

fbrSlx 
Days  In  a 

Week. 

TBll1*XRATnUB. 

Dsa.  F. 

APPBAHAVOB. 

AmiOHiA. 

NlTBOOBM 

AS 

i 

1808. 

1 

■J 

1 

• 

1 

1 

^ 

• 

1 
1 

1 

8.42 

• 

\ 

0 

1 

Bacteria  per  ( 
Oentlmeter. 

Jannary,       .       . 

688,000 

52 

48 

Great. 

.48 

1.4250 

.2280 

1.24 

.8475 

1.49 

818*000 

February, 

823,000 

51 

45 

Great. 

.49 

1.2800 

.2220 

8.01 

1.11 

.1526 

1.80 

998,900 

March,   .       • 

823,000 

48 

47 

Great. 

.68 

1.4800 

.2227 

12.48 

1.84 

.0588 

1.16 

270,000 

April,    .       .       . 

628,000 

45 

44 

Great. 

.58 

1.4000 

.2208 

7.47 

1.28 

.OOIS 

1.29 

811,000 

May,      .       .       . 

479,000 

62 

58 

Great. 

.49 

1.8100 

.2180 

10.68 

1.45 

.0108 

1.07 

890,000 

June,     .              • 

828,000 

88 

88 

Decided. 

.61 

1.8000 

.1760 

20.82 

0.88 

.0086 

0.89 

906,800 

July,     . 

828,000 

72 

70 

Deeided. 

.48 

1.4200 

.1500 

15.66 

1.05 

.0175 

0.80  200,800 

Angast, . 

828,000 

72 

78 

Decided. 

.42 

0.9800 

.1600 

17.82 

1.87 

.0240 

0.80  969,600 

September,   . 

828,000 

68 

88 

Deeided. 

.42 

1.1100 

.1527 

11.78 

1.41 

.0170  0.97 

^7,800 

October,        • 

828,000 

80 

80 

Deeided. 

.45 

0.9000 

.1490 

9.79 

1.87 

.0160 

0.07 

854,600 

November,    . 

828,000 

48 

40 

Great. 

.49 

0.7500 

.1880 

9.86 

2.13 

.0108 

1.09 

446,700 

Peoember,    •       • 

854,000 

49 

45 

Decided. 

.48 
.47 

O.830O 

.1780 
.1869 

7.83 
11.58 

1.42 
1.84 

.0086 
.0660 

1.18 
1.09 

858,800 

Average, . 

805,000 

57 

65 

- 

1.1618 

814,800 

Filters  Nos.  107  and  108. 

Filter  No,  107  contains  24  inches  in  depth  of  cinders,  and  Filter 
No.  108  contains  24  inches  in  depth  of  coke.  The  cinder  filter  con- 
tains 61  per  cent,  of  open  space  and  the  coke  filter  51  per  cent. 
They  have  been  operated  as  bacterial  filters,  and  Filter  No.  108  has 
received  the  effluent  of  Filter  No.  107.  Regular  station  sewage  has 
been  applied  to  them,  and  they  are  operated  for  six  weeks  and  then 
allowed  to  rest  for  one  week.  By  this  method  of  procedure,  if  the 
filters  were  in  sets  of  seven,  six  would  be  operating  at  all  times,  and 
the  working  capacity  of  such  a  plant  would  be  six-sevenths  of  its 
apparent  capacity.  Operating  in  this  way  the  filters  have  kept  in 
good  condition,  and  no  clogging  is  yet  apparent.  The  average  rate 
of  operation  of  Filter  No.  107  has  been  685,000  gallons  per  acre 
daily.  Filter  No.  108,  which  has  received  the  entire  effluent  of 
Filter  No.  107,  but  has  a  larger  surfisice  area,  has  been  operated  at 
the  rate  of  565,000  gallons  per  acre  daily ;  but,  owing  to  the  small 
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open  space  of  this  coke  jSlter,  this  volume  has  filled  the  filter  to  its 
surface.  The  average  analyses  of  the  effluents  of  the  two  filters 
are  here  given  :  — 

Effluent  of  Filter  No.  107. 

[Parts  per  100,000.] 


Qaan- 

tlty 

Applied. 

Oaliona 

per  Acre 

Dalbr 

for  Six 

Dajalna 

Week. 

TJUiratATUBK. 

Dbo.  F. 

Appkabanob. 

AXKOKIA. 

NITBOOBH 
AS 

1 

1 

18»8. 

1 

1 

• 

1 

1 
1 

1 

< 

• 

• 
1.87 

1 

s 

! 

a 

|l 

AprU.     .       .       . 

800,000 

46 

46 

Decided. 

.66 

0.0200 

.1160 

.03 

.0080 

0.06 

260,000 

May.      .       .       . 

T88,000 

66 

63 

Great. 

.60 

1.6000 

.2900 

4.70 

.26 

.0267 

1.26 

804,000 

JOIM,        . 

077,000 

66 

64 

Decided. 

.64 

1.0000 

.1420 

4.86 

.41 

.0216 

0.88 

168,000 

July,      .       .       . 

616,000 

71 

68 

Great. 

.47 

2.0000 

.2820 

8.68 

.83 

.0366 

0.07 

268,600 

Aoffuat, . 

6SS,000 

72 

78 

Decided. 

.46 

0.0000 

.1280 

6.72 

.86 

.1000 

1.12 

106,000 

September,    . 

046,000 

68 

61 

Decided. 

.66 

1.4200 

.1660 

6.22 

.48 

.0060 

1.08 

280,000 

October, 

760,000 

66 

64 

Decided. 

.86 

1.7600 

.1600 

6.76 

.64 

.0000 

1.07 

800,600 

I^OTeinber, 

616.000 

47 

48 

Great. 

.80 

2.4000 

.8480 

6.86 

.84 

.0060 

2.88 

668,000 

Deeember,    . 

022,000 

46 

46 

Great. 

.68 
.62 

2.4600 

.8614 
.2060 

8.24 
6.70 

.68 
.46 

.0083 
.0247 

2.66 
1.37 

020,000 

Average, 

678,000 

68 

68 

- 

1.6144 

dn,ooo 

Effluent  of  Filler  No.  108. 

[Parte  per  100,000.] 


Qaaa- 

ttty 
Applied. 

OaUou 

per  Acre 

Dalhr 

forRtz 

Dayataa 

Week. 

Tbmpsbatdbb. 
Dbo.  F. 

Appzahavcb. 

AmiONXA. 

Nrboobh 

A8 

a 

2 

18M. 

1 

i 

^ 

* 

1 

i 

i 

1.68 

1 

1 

Bacteria  per 
Ceotlmeler. 

April,     . 

660,000 

46 

44 

Blight. 

.41 

1.0000 

.0720 

0.06 

.0190 

0.66 

111,000 

May.      .       .       . 

600,000 

68 

62 

Decided. 

.66 

1.0388 

.1160 

4.40 

0.66 

.0t78 

0.86 

141,000 

June,     • 

660,000 

64 

66 

Decided. 

.68 

0.6100 

.0890 

4.06 

0.70 

.0440 

0.68 

170,800 

Jnly,     .       .       . 

607.000 

68 

60 

Decided. 

.28 

0.9100 

.0080 

7.21 

0.80 

.0060 

0.72 

98,000 

Aagnet, 

618,000 

78 

74 

Blight. 

.38 

O.420O 

.0060 

6.68 

0.80 

.0600 

0.64 

218,000 

September,   • 

683,000 

61 

61 

Slight. 

.42 

0.6000 

.0060 

4.80 

0.82 

.0080 

0.68 

228,000 

October, 

684,000 

64 

68 

Slight. 

.64 

0.6760 

.0880 

6.02 

1.68 

.0060 

0.66 

144,000 

K'orember, 

607,000 

40 

40 

Great. 

.66 

1.2000 

.2400 

6.04 

1.62 

.0060 

1.64 

462,600 

December,     . 

618,800 

46 

46 

Decided. 

.64 

.48 

1.1000 

.1846 

.1106 

7.74 
6.88 

1.36 
0.03 

.0068 
.0190 

1.37 
0.86 

260,000 

ATcrage, 

669,600 

68 

68 

- 

0.8166 

903,700 
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Effect  of  the  Nature  of  Filtering  Material  upon  Results 

obtained  by  bacterial  filters. 

Ftltera  Nbs.  104  and  105. 

In  order  to  stady  the  different  action  of  rough  and  smooth 
materials,  these  two  filters  were  started ;  Filter  No.  104  containing 
5  feet  in  depth  of  small  pieces  of  coke,  and  Filter  No.  105  con- 
taining the  same  depth  of  glass  beads.  The  open  space  of  each 
filter  was  approximately  50  per  cent. ,  and  hence  they  were  oper- 
ated at  the  same  rates,  as  it  took  the  same  volume  of  sewage  to 
fill  the  open  space  in  each.  These  filters  have  been  in  operation 
nine  months  up  to  the  present  time,  and  the  effluent  of  Filter  No. 
104  has  been  much  better  purified  than  the  effluent  of  Filter  No.  105, 
as  shown  by  the  following  tables :  — 


Effluent  of  Filler  No.  104. 

[PlRrta  per  100,000.] 


Qnan- 

AppUed. 

OeUone 

per  Acre 

Daily 

Ibrsfx 

Dejstn  A 

Week. 

TsxratATUSB. 

dbo.  f. 

Appbahavos. 

AmionA. 

KinooBV 

AM 

1 

1 

18M. 

1 

1 

• 

1 

1 

1 

1 

m 

1 

s 

1 

i 

ICareh, . 

1,001,000 

47 

- 

SUght. 

.86 

8.6800 

.2440 

6.02 

.01 

.0000 

.80 

864,000 

April,  • 

7il,000 

46 

- 

V.eUght. 

.20 

1.0100 

.1146 

7.47 

.48 

.1010 

.60 

61,900 

May,     . 

666,000 

66 

- 

V.eUght. 

.27 

0.8000 

.0700 

6.28 

.78 

.0160 

.87 

n/M 

June,    . 

721,000 

00 

- 

V.flliglit. 

.20 

0.4860 

.0600 

6.00 

.04 

.0186 

.80 

80y400 

July,    .      . 

T21,000 

78 

- 

V.eUght. 

.18 

O.206O 

.0400 

0.87 

1.16 

.0124 

.20 

77,600 

Angnst, 

7il,000 

74 

- 

V.eUgbt. 

.20 

0.2140 

.0400 

U.lfl 

1.14 

.0021 

.27 

68,400 

September, 

721,000 

00 

- 

V.  Blight. 

.20 

0.6400 

.0600 

8.60 

1.87 

.0084 

.80 

84,000 

Oetober, 

721,000 

66 

- 

V.eUght. 

.88 

1.2410 

.1180 

7.00 

2.02 

.0204 

.80 

80,800 

November,  . 

721,000 

40 

- 

Decided. 

.40 

0.0280 

.0740 

0.40 

1.00 

.0044 

.08 

48,400 

Deeember, 

721,000 

46 

- 

Dedded. 

.44 

.82 

0.2700 

.0000 
.0818 

6.87 
7.20 

1.68 
1.18 

.0074 
.0186 

.74 

66^000 

Average 

788,400 

68 

- 

- 

0.0660 

.48 

80,000 
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Effluent  qf  Filter  No.  106, 

[ParU  per  100,000.] 


18»8. 


Qoan- 

tltT 

Applied. 

Oalloni 

per  Acre 

DellT 

for  Six 

Deyiln  A 

Week. 


Marsh, 
April,  • 
May,    . 
Jnoe,   . 
July,    . 
Angnat, 
September, 
October, 
Vovember, 
Deeember, 
Averafe, 


i,on,ooo 

721,000 
665,000 
721,000 
721.000 
721,000 
721,000 
721,000 
721,000 
721,000 


788,400 


TSMPBXATUSS. 

Dio.  F. 


I 


s 


47 
46 
66 
06 
78 
74 
OB 
66 
46 
46 


68 


ArrsASASOs. 


6 


Decided. 

Dedded. 

Deeided. 

Decided. 

Blight. 

V.allght. 

Dedded. 

Dedded. 

Dedded. 

Dedded. 


.46 
.87 
.66 
.68 
.87 
.41 
.74 
.70 
.04 
.62 


.68 


Ajcxovxa. 


8.2000 
8.4600 
2.8400 
l.OOOO 
0.7000 
1.6100 
2.2000 
2.1700 
2.2400 
1.8400 


2.0760  .1008 


S 

e 


.8240 


.1700 
.2840 
.1220 
.0760 
.1010 
.1240 
.1800 
.1100 


6 


6.86 
6.76 
7.66 
8.81 
2.74 
16.60 
9.82 
7.00 
6.47 
7.84 


7.76 


NXTBOOBV 
A8 


i 


S 


.01 
.08 
.66 
.81 
.06 
.40 
.40 
.04 
.04 
.60 


.61 


.0000 
.0178 
.0085 
.0260 
.0150 
.0053 
.0080 
.0094' 
.0022 
.0086 


1 

a 

I 

a 

5 


I 


.0000 


.78 
.26 
.78 
.88 
.88 
.60 
.79 
.64 


.79 


1.07 


507,000 
801,100 
158,200 
109,500 
107,900 
46,200 
180,000 
107,400 


0.951148,800 
0. 


108,000 


101,000 


A  study  of  the  tables  show  that  the  coke  filter  gave  an  effluent 
with  only  one-half  as  much  color  as  the  bead  filter,  less  than  one- 
half  as  much  free  ammonia,  practically  one-half  as  much  albuminoid 
ammonia,  twice  as  much  nitrogen  in  the  form  of  nitrates,  less  than 
one-half  as  much  organic  matter  determined  as  oxygen  consumed, 
and  also  less  than  half  the  number  of  bacteria  found  in  the  effluent 
of  Filter  No.  105.  The  better  purification  obtained  by  the  coke 
filter  was  due  undoubtedly  to  the  rough  surface  of  the  coke,  by  means 
of  which  it  not  only  holds  more  air  than  can  the  glass  beads,  but 
also  retards  the  flow  of  sewage,  so  that  it  is  a  greater  time  passing 
down  over  the  coke  than  over  the  beads,  and  the  matters  in  suspen- 
sion are  undoubtedly  held  back  more  efficiently  than  by  the  smoother 
glass  beads.  The  results  from  these  two  filters  indicate  that,  in 
general,  a  rough  material  is  of  great  advantage  in  filters  operated 
as  are  these  so-called  bacterial  filters. 
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Action  of  Iron  in  Filters. 

Filters  JVos.  88  and  96. 

In  July,  1898,  a  filter  was  put  in  operation  containing  5  feet  in 
depth  of  a  mixture  of  sand  of  an  effective  size  of  0.23  millimeter 
and  iron  filings,  the  proportion  being  one  part  by  volume  of  iron  to 
two  parts  of  sand.  During  the  year  1898  this  filter  has  been  operated 
at  a  rate  of  115,000  gallons  per  acre  daily,  and  has  produced  an  efflu- 
ent containing  the  smallest  amount  of  nitrogen,  determined  as  albu- 
minoid ammonia,  and  of  carbon,  as  shown  by  the  determination 
of  oxygen  consumed,  of  any  filter  at  the  station.  Even  Filter  No. 
4,  of  fine  river  silt  (see  page  479),  and  operating  at  only  one-sixth 
the  rate  of  Filter  No.  88,  has  not  given  so  pure  an  effluent  as  far  as 
these  two  bodies  are  concerned.  The  average  analysis  of  the  effluent 
is  as  follows  :  — 

Effluent  of  Filler  No.  88, 

[ParU  per  100,000.] 


Qnan- 
AppUed. 

GaUooi 
per  Aere 

DaOy 

fortlz 
Darslna 

Week. 

TaXPSRA- 

Tuaa. 
Dao.  F. 

Length  of 

TTme 

Sewage 

Remained 

oo 
Suteoe. 

Honn  and 
Minntet. 

Appbabaiiob. 

AMXonA. 

e 

NiTBOGSH 
AS 

• 

1 

S 
g 

1 

1 

1 

1 

i 

s 

to 

1M8. 

1 

1 

u 

Jaoaary,    . 

116,000 

48 

47 

8m. 

Slight. 

.16 

.0816 

.0078 

6.06 

1.67 

.0066 

.07 

2,7006 

Febrnaiy,  • 

116.000 

46 

48 

14m. 

V.8llght. 

.16 

.0810 

.0077 

6.16 

1.86 

.0060 

.08 

118 

March, 

11^000 

47 

61 

87m* 

V.aUght. 

.18 

.0866 

.0078 

6.01 

8.28 

•0088 

.08 

28 

April. 

116,000 

46 

64 

S8m. 

V.aUght. 

.16 

.0880 

.0086 

6.18 

2.86 

•0080 

.08 

48 

May,  .       . 

116.000 

66 

68 

Om. 

None. 

.17 

.0881 

.0006 

6.20 

8.26 

.0084 

.08 

48 

Jose, . 

116,000 

66 

68 

6m. 

V.ellgfat. 

.13 

.1188 

.0160 

7.81 

2.72 

.0080 

.08 

66 

Jnljt  . 

116,000 

7t 

76 

8m. 

None. 

.06 

.0848 

.0148 

7.74 

2.07 

•0116 

.10 

8T 

Angnat,     . 

U6,000 

74 

76 

Om. 

None. 

.06 

.0686 

.0122 

0.41 

1.78 

.0140 

.00 

48 

September, 

116,000 

00 

64 

7m. 

None. 

.08 

.0168 

.0006 

8.26 

1.28 

.0041 

.06 

44 

October.     . 

116.000 

66 

08 

11m. 

None. 

.07 

.0178 

.0084 

6.06 

2.40 

.0088 

.06 

26 

Korember.. 

116,000 

40 

66 

16m. 

None. 

.00 

.0161 

.0087 

7.70 

2.68 

.0068 

.06 

68 

Deeenber, . 

116.000 

46 

66 

48 
60 

*16m. 

None. 

.00 

.0106 

.0004 
.0006 

6.00 
6.46 

2.14 

.0028 

.07 

12 

Areimge, 

116.000 

1 

- 

.U 

.out 

2.10 

.0066 

.07 

266 

An  examination  of  this  table  shows  that  the  effluent  has  contained 
more  free  ammonia  than  we  should  expect,  considering  the  low  albu- 
minoid ammonia,  and  also  more  color.     The  color,  however,  was 
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largely  due  to  iron.  The  free  ammonia  was  also  undoubtedly  due 
to  the  action  of  the  iron.  It  is  probable  that  in  the  filter  the  organic 
matter  is  being  acted  upon,  not  only  by  the  oxidizing  and  nitrifying 
actions  common  to  intermittent  sand  filters,  but  also  that  the  iron 
acts  directly  as  a  carrier  of  oxygen  to  oxidize  organic  matter.  Be- 
sides, it  reduces,  to  some  extent,  the  nitrates  constantly  forming, 
and  changes  a  portion  back  to  free  ammonia.  It  was  thought  prob- 
able also  that  nitrogen  gas  was  liberated  by  the  action  of  the  iron, 
and,  to  prove  this,  a  weak  ammonia  solution  of  known  strength  was 
run  through  iron  filings,  with  the  result  that,  after  passing  quickly 
through  40  inches  in  depth  of  these  filings,  the  ammonia,  determined 
in  the  usual  way,  was  reduced  33  per  cent.  This  experiment  was 
repeated  several  times. 

Filter  No.  96. 

Filter  No.  96,  containing  4^^  feet  in  depth  of  iron  filings,  was 
put  in  operation  in  December,  1897,  and  was  operated  at  the  rate  of 
100,000  gallons  per  acre  daily.  It  was  operated  for  five  months, 
and  produced  an  effluent  the  average  analysis  of  which  was  as  fol- 
lows :  — 

Effluent  of  Filter  No.  96, 

[Pftrta  per  100,000.] 


AMXOHIA. 

Chlorine. 

KITBOOKK  Afl 

Oxygen 
Cwsemned. 

BActeriA 

Color. 

Ftm. 

Albamlnold. 

Nitrates. 

Nitrites. 

Mr  Coble 
Gentiaieter. 

.14 

2.S2 

.0746 

0.70 

.008 

.0008 

.60 

8,270 

This  filter  and  its  results  further  illustrate  the  purification  methods 
shown  by  Filter  No.  88,  as  here  we  obtained  a  good  appearing  efflu- 
ent, with  much  less  free  ammonia  than  in  the  applied  sewage,  and 
not  more  than  one-eighth  as  much  albuminoid  ammonia,  and  the 
effluent  contained  practically  no  nitrates.  This  shows  that,  if  nitrates 
were  fonned  near  the  surface  of  the  filter,  they  were  reduced  before 
the  effluent  reached  the  outlet ;  and,  owing  to  the  fact  that  the  efflu- 
ent contained  less  free  ammonia  than  the  applied  sewage,  consider- 
able free  nitrogen  must  have  passed  into  the  air.  After  being  in 
operation  for  five  months,  the  iron  filings  in  this  filter  were  used  in 
a  large  filter  of  the  same  nature,  which  has  continued  in  operation 
up  to  the  present  time  with  similar  results,  except  that,  from  the 
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beginning  of  operation  of  this  second  filter,  more  iron  has  appeared 
in  the  effluent,  owing  probably  to  iron  or  steel  of  a  somewhat  differ- 
ent nature  in  this  filter  than  in  the  first  filter. 


Purification  of  Wool  Liquor. 

Filter  No.  70,  containing  4^/^  feet  in  depth  of  sand  of  an  effective 
size  of  0.23  millimeter,  was  put  in  operation  in  June,  1896,  and 
during  the  first  three  months  of  1898  was  operated  at  a  rate  of 
400,000  gallons  per  acre  daily;  the  sewage  applied  being,  as  in 
previous  years,  a  mixture  of  station  sewage  and  rinse  liquor  from  a 
wool-washing  estabUshment,  the  mixture  being  in  the  proportion  of 
four  parts  of  the  wool  liquor  to  one  part  sewage.  The  average 
analysis  of  this  mixture  was  as  follows :  — 

Sewage  applied  to  Fitter  No,  70  during  January,  February  and  March, 

[PurU  per  100,000.] 


Amicoxia. 

Gblorlnc. 

Ftt9m 

Albuminoid. 

Oxygen  CoBfOMd. 

1.06 

.66 

4.76 

8.06 

Operating  at  the  rate  stated,  good  results  were  obtained.  The 
effluent  of  the  filter  was  low  in  color,  and  contained  very  little  un- 
oxidized  organic  matter,  and  nitrification  was  active,  as  shown  by 
the  following  average :  — 

Effluent  of  Filter  No.  70  during  January ,  February  and  March. 

[Parte  per  100,000.] 


Ammohxa. 

Chlorine. 

Nmoour  Ai 

Free. 

Albnmlnold. 

Nitrates. 

Bitrltet. 

Consomed. 

.0448 

.0872 

4.88 

1.00 

.0241 

.40 

1 

During  April  the  sewage  applied  was  changed  to  a  mixture  of  the 
strong  scouring  liquor,  from  the  same  wool  plant,  and  city  sewage ; 
the  proportion  being  one  part  of  the  wool  liquor  to  seventeen  parts 
sewage,  and  the  rate  of  operation  being  55,600  gallons  per  acre 
daily.  The  average  analysis  of  the  mixture  during  the  next  four 
months  was  as  follows :  — 
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Sewage  applied  to  Filter  No.  70  during  April,  May,  June  and  July. 

[Peru  par  100,000.] 


Ahxokia. 

Chlorine. 

Free. 

Albamlnoid. 

Oxygen  Consnmed. 

4.10 

2.16 

0.76 

10.62 

Operating  in  this  way,  the  filter,  while  producing  a  clear  and 
almost  odorless  effluent,  gave  one  very  high  in  unoxidized  organic 
matter  and  with  low  nitrates,  the  analysis  of  which  was  as  follows  :  — 

Effluent  of  Filter  No.  70  during  Aprils  May^  June  and  July. 

[P«rto  p«r  100,000.] 


AmcomA. 

Chlorine. 

NITBOQBV  AS 

Free. 

Albuminoid. 

Nitmtei. 

Nitrites. 

Oxygen 
Consomed. 

S.87 

1.02 

0.61 

.67 

.0660 

12.60 

During  this  second  period,  a  sand  filter,  containing  the  same  depth 
and  grade  of  sand  as  Filter  No.  70,  was  in  operation,  receiving  the 
same  mixture  and  at  the  same  rate,  namely,  55,600  gallons  per  acre 
daily,  but  before  the  mixture  was  applied  to  this  filter  it  was  allowed 
to  stand  in  an  air-tight  vessel  for  forty-eight  hours,  for  the  same  bac- 
terial actions  to  take  place  as  occur  in  the  septic  tank.  Treated 
in  this  way  the  bacteria  evidently  changed  the  composition  of  the 
mixture,  as  the  effluent  of  the  filter  was  of  a  very  much  better  char- 
acter than  the  effluent  of  Filter  No.  70.  The  average  analysis  of 
the  effluent  of  this  filter  was  as  follows :  — 

Effluent  of  Filter  No.  112. 

[Parts  p«r  100,000.] 


Ammoiiia. 

Chlorine. 

1 

NrrxooBir  as 

1 
Free.                 Albamlnoid. 

Xitrstes. 

nitrites. 

Oxygen 
Consnmed. 

.1800 

.1060 

10.60 

8.20 

.0000 

2.80 

Beginning  in  September,  the  wool  liquor  which  was  mixed  with 
the  sewage  was  obtained  from  the  Bigelow  Carpet  Mills  in  Clinton, 
as  this  liquor  will  probably  have  to  be  disposed  of  upon  the  filtra- 
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tion  area  of  the  Clinton  sewerage  system.  The  average  analysis  of 
the  samples  collected  from  this  mill  during  the  last  three  months 
of  the  year  being  as  follows :  — 

Analysis  of  Waste  from  Carpet  Mills, 

[ParU  p«r  100,000.] 


AlOIOMIA. 

Chlorine. 

Ftm. 

Albuminoid. 

Oxygen  Contamod. 

8.00 

0.67 

16.11 

66.00 

The  two  filters  (Nos.  70  and  112)  have  been  kept  in  operation  in 
the  same  manner  as  during  the  four  preceding  months,  and  the  pro- 
portion of  wool  liquor  to  sewage  has  been  the  same,  the  average 
analysis  of  the  mixture  of  sewage  and  wool  liquor  for  the  past  four 
months  being  as  follows :  — 

Sewage  applied  to  Filters  Nos.  70  and  112  during  Septembery  Ootober^  November 

and  December, 

[Parte  per  100,000.] 


Amkobia. 

Chlorine. 

Free. 

Alteuntaiold. 

Oxjgen  Oontnmed. 

8.60 

1.04 

6.02 

0.61 

It  has  been  found  that  the  wool  liquor  from  this  carpet  factory  is 
more  easily  purified  than  that  from  the  Lawrence  mill  as  both  filters 
during  this  third  period  have  given  effluents  of  a  satisfactory  quality. 
The  one  receiving  the  sewage  which  has  been  allowed  to  stand  before 
being  applied  to  the  filter,  has  however  given  rather  the  better  efflu- 
ent.    The  average  analyses  of  the  effluents  are  as  follows :  — 

Effluent  of  Filters  Nos,  70  and  112  during  S^^tember^  October^  November  and 

December, 

[Parte  per  100,000.] 


AMKOiriA. 

Chlorine. 

KITBOGKV  AB 

Free. 

Albamlnoid. 

Nitrates. 

Nitrites. 

Oxjien 
Conianed. 

EfflneDt  of  Filter  No.  70, . 
EffiaoBt  of  FUter  No.  112« 

.0816 
.0120 

.1602 
.1000 

7.68 
7.28 

2.66 
2.00 

.0036 
.0061 

2.12 
1.S1 
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Tannery  Sewage. 

At  Tannery  No.  2,  the  sand  filter  containing  4  feet  in  depth  of 
sand  of  an  effective  size  of  0.15  millimeter,  which  was  first  put  in 
operation  during  September,  1895,  ceased  to  be  operated  in  Septem- 
ber, 1898.  At  this  time  the  sand  of  the  filter  was  in  good  condition, 
the  filter  was  working  satisfactorily,  and  evidently  could  continue 
to  do  so  indefinitely.  The  sewage,  during  a  portion  of  the  year, 
was  allowed  to  stand  a  number  of  hours  for  suspended  matter  to 
settle,  and  then  the  supernatant  liquid  applied  to  the  filter.  The 
rate  of  operation  during  1898  was  25,000  gallons  per  acre  daily,  and 
the  average  analyses  of  the  sewage  applied  to  the  filter  and  the  efflu- 
ent from  the  filter  for  the  year  are  as  follows :  — 

Tannery  Sewage  applied  to  Band  Filter, 

[ParU  per  100,000.] 


Appbabavcb. 

i 

UlMOKIA 

• 

1 

i 

1 

i 

▲LBDMUrOID. 

18M. 

^ 

1 

2 

o 

s 

& 

£ 

i 

& 

£ 

QtimlL 

BedUh 
brown. 

6.00 

4.86 

8.70 

408.0 

77.8 

17.6 

Febnutf7»        .... 

GrMt. 

Bedtoh 
browo. 

S.41 

0.18 

8.80 

871.8 

02.8 

18.7 

lCfti«h 

Great. 

Redteh 
brown. 

4.44 

6.29 

8.81 

688.7 

00.0 

80.1 

April, 

Greet. 

Yellow. 

4.88 

4.20 

8.76 

809.0 

28.0 

8.0 

WLKW*  •           .          a          •          •          . 

Greet. 

Brown. 

8.04 

1.01 

1.47 

460.0 

81.7 

9.6 

Jwie, 

Greet. 

Brown. 

6.78 

4.28 

2.09 

808.1 

40.2 

11.8 

Jnly, 

Greet. 

Brown. 

10.86 

2.86 

2.66 

408.1 

88.4 

18.0 

Angoat, 

Scpumber,      •       •       •       • 

Greet. 

Brown. 

8.28 

2.28 

1.60 

409.9 

U.l 

18.7 

Greet. 

Brown. 

e.28 

1.00 

l.U 

648.0 

64.0 

2.7 

Averttce 

- 

- 

6.72 

4.02 

8.84 

429.0 

49.1 

14.6 

Effluent  of  Sand  FiUer. 

[Parte  per  100,000.] 


Apfsabajicb. 

AmfOHIA. 

• 

1 

NinOOBV  AS 

• 

1 

• 

1 

i 

ALBUVniOID.  1 

1 

1 

.0117 

109S. 

• 

i 

i 

Jennerr, 

Decided. 

0.66 

2.98 

.8218 

.1618  ' 

418.8 

12.80 

2.09 

0.48 

Febroary.    • 

Bedded. 

0.68 

0.98 

.1027 

.0840  1 

809.8 

12.40 

.0807 

1.86 

14.88 

Hereh,. 

Deelded. 

1.00 

1.00 

.1468 

.1048  1 

490.0 

9.08 

.0228 

1.78 

7.90 

April,  • 

Miy.    .      . 

Jnne,    • 

Slight. 

1.26 

0.71 

.1220 

.1046  1 

610.6 

8.01 

.0000 

1.17 

6.60 

Blight. 

1.82 

0.06 

.0947 

.0620 

409.8 

7.68 

.0088 

1.27 

4.88 

Blight. 

1.06 

0.02 

.0948 

.0772 

1484.4 

8.90 

.0082 

1.87 

6.60 

Jnly,    . 
September,  . 

Bedded. 

0.94 

0.91 

.1090 

.0966 

1600.6 

11.84 

.0148 

1.62 

8.40 

Bedded. 

0.76 

1.41 

.1066 

.0910 

479.6 

8.26 

.0076 

1.49 

2.40 

Bedded. 

0.08 
0.90 

2.48 

.0940 

.0080 

662.0 

2.71 

.0690 

1.67 

0.80 

ATerage, 

}      * 

< 

1      1 

1      . 

- 

1.80 

.1824 

.0964 

!402.8 

1 

9.10 

.0100 

1.62 

6.04 
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Coke  Strainer  receiving  Tannery  Sewage. 

The  coke  strainer  at  this  tannery  was  continued  in  operation  dur- 
ing the  first  nine  months  of  the  year  at  a  rate  of  approximately 
250,000  gallons  per  acre  daily.  It  was  believed,  when  the  strainer 
was  first  started,  that  this  rate  would  necessitate  sui&ce  scraping, 
and  that  the  coke  and  sludge  removed  could  be  disposed  of  by  burn- 
ing. As  a  matter  of  fact,  during  the  entire  operation  of  this  strainer, 
a  period  of  nearly  two  years,  no  coke  or  sludge  has  been  removed 
from  it,  a  large  proportion  of  the  sludge  in  the  sewage  of  this  tan- 
nery being  of  so  unstable  a  character  that,  with  the  access  of  air  to 
the  filter's  surface,  it  dries  up  and  decreases  in  bulk  very  largely. 
Owing  to  the  situation  of  the  strainer  in  a  low  place,  a  good  deal 
of  rain  water  collected  in  the  tannery  yard  has  run  upon  its  surface, 
especially  as  the  past  year  ha?  been  a  very  wet  one ;  and  this  has, 
of  course,  diluted  to  a  considerable  extent  the  sewage  actually  ap- 
plied, as  shown  by  the  smaller  amount  of  chlorine  in  the  effluent  of 
the  filter  in  the  following  tables  of  average  analyses :  — 


Tannery  Sewage  applied  to  Coke  Strainer, 

[ParU  per  100,000.] 


Appbaeavcs. 

J 

tLXMOlOA 

• 

4 

• 

1 

1^ 

1 

i 

1 

ALBUMIVOXD. 

18M. 

• 

2 

& 

January,  . 

Greal. 

Dark  brown. 

0.98 

4.88 

2.26 

ooo.w 

126.0 

80.6 

February, 

Great. 

Beddlah  brown. 

1.88 

8.87 

2.00 

810.7 

68.0 

16.1 

Maroh,      .       , 

Great. 

Brown. 

2.84 

6.70 

4.86 

464.4 

81.6 

10.8 

April,       .       . 

Great. 

Reddiab  brown. 

1.06 

6.68 

4.28 

407.8 

70.6 

21.2 

M.y, .       . 

Great. 

Beddlah  brown. 

2.» 

4.70 

8.04 

648.7 

180.0 

».8 

June, 

Great. 

BeddUh  brown. 

2.08 

4.88 

1.00 

400.0 

128.2 

86.6 

Jaly, . 
Angnat,    . 
September, 

Great. 
Great. 
Great. 

Greenlah 

yellow. 
Tellowfsb 

brown. 
YellowUh 

brown. 

0.88 
8.T0 
0.00 

8.01 
8.82 
6.00 

1.06 
1.46 
1.87 

278.0 
202.1 
006.6 

46.7 

60.6 

128.0 

16.0 
20.8 
28.3 

Average,    . 

- 

- 

4.04 

4.46 

2.64 

417.4 

M.2 

22.7 
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Effluent  of  Coke  Strainer. 

[ParU  per  100,000.] 


ArPKABANCB. 

Akmovja. 

Chlorine. 

NiTBOOBK  AS 

Oxygen 

Consumed. 

■^  ^d^^ 

6 

i 

1 

1 

ALBUMINOID. 

I 

s 

8B 

1898« 

■ 

1 

1 

Decided. 

.40 

2.25 

.84 

.17 

205.3 

0.18 

.0040 

2.58 

4.08 

Febnuti7f . 

Great. 

Brown. 

0.08 

.40 

.80 

220.0 

0.85 

.0578 

10.08 

6.08 

Majreh,       . 

Dedded 

.71 

2.10 

.86 

.24 

288.0 

0.20 

.0068 

2.08 

8.80 

April, 

Decided. 

Yellow. 

2.00 

.20 

.10 

281.0 

1.81 

.0175 

1.53 

2.05 

May,  . 

Dedded. 

.78 

2.00 

.87 

.27 

205.7 

0.12 

.0000 

8.80 

1.68 

Jane, . 

SUgbt. 

.87 

1.00 

.87 

.10 

247.4 

0.32 

.0176 

8.60 

2.54 

Jpiy. .      . 

Decided. 

.82 

1.60 

.52 

.10 

251.8 

1.50 

.0245 

4.05 

4.00 

Angnst,     . 

SUgbt. 

.48 

2.00 

.80 

.18 

104.1 

0.88 

.0065 

4.05 

1.50 

BepCember, 

V.allgbt. 

.69 

2.58 

.22 

.12 

268.7 

O.08 

.0017 

2.20 

0.20 

Averas 

e,     . 

- 

- 

1.00 

.85 

.20 

251.8 

0.56 

.0151 

8.06 

8.07 

All  the  sewage  applied  to  the  sand  filter  and  the  coke  strainer  has 
been  highly  colored,  either  brown,  red  or  yellow,  according  to  the 
nature  of  the  work  being  carried  on  in  the  tannery,  making  it  im- 
possible to  determine  the  color  by  our  color  standard.  The  efiluent 
of  the  sand  filter,  however,  has  alw'ays  been  easily  read,  being 
invariably  of  a  yellow  tint,  and  with  a  color  no  greater  than  that 
of  some  of  the  highly  colored  water  supplies  of  the  State.  Gener- 
ally, also,  the  color  of  the  effluent  of  the  coke  strainer  could  easily 
be  read  by  our  color  standard. 


Waste  Liquor  from  a  Paper  Mill. 

During  the  first  six  months  of  the  year  a  cinder  strainer  one  foot 
in  depth  was  kept  in  operation  at  Paper  Mill  No.  1,  receiving,  at 
the  rate  of  400,000  gallons  per  acre  daily,  a  mixture  of  all  the 
waste  liquors  produced  at  this  mill.  This  waste  liquor  was  almost 
always  colored  black,  red  or  otherwise,  according  to  the  work  being 
carried  on  in  the  mill,  and  could  not,  of  course,  be  read  upon  our 
color  standards.  The  effluent  of  the  strainer,  however,  has  always 
been  of  good  appearance,  of  rather  low  color  and  easily  read  upon 
the  standard.      The  percentage  of  purification  efiected  has  been 
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high,  and  especially  of  the  carbonaceous  matters,  as  shown  by  die 
determinations  of  oxygen  consumed.  The  average  analyses  of  the 
liquor  applied  to  and  the  effluent  from  this  filter  are  as  follows  :  — 

Paper  Mill  Liqtior, 

[ParU  per  100,000.] 


APPB4BAV0B. 

Ammovia 

• 

si 
1 

• 

1 

s 

1 

1 

ALBDMIVOID. 

• 

1 

a 

IMS. 

• 

1 

1 

1 

Juiiuiry» 

Great. 

Blaek. 

.0180 

.0707 

.0547 

.68 

2.» 

1.7 

February,        .... 

Decided. 

Bwl. 

.0185 

.0665 

.04S5 

.50 

1.86 

6.5 

MaKfa, 

Deelded. 

Blaek. 

.0165 

.0646 

.0445 

.46 

1.60 

1.0 

April, 

Deeided. 

Pink. 

.0180 

.0745 

.0515 

.48 

i.n 

-0.6 

May. 

Dedded. 

Blaek. 

.0175 

.0710 

.0510 

.4S 

S.50 

1.8 

Jane, 

Great. 

Blaek. 

.0140 

.0610 

.0500 

.67 

S.S8 

6.0 

Average,   .... 

" 

.0164 

.0723 

.0400 

1 

2.00 

8.1 

Effluent  of  Filter  at  Paper  Mill 

[Parte  per  100,000.] 


Appbababob. 

Ammobia. 

.78 

MITBOOBV  At 

f 

tMS. 

s 

1 

1 

i 
1 

< 

1 

s 

1 

9i 

• 

3 

e 
1 

Jaauary 

Decided. 

.86 

.0066 

.0872 

.00 

.00 

.73 

18.82 

February, 

SUght. 

.21 

.0042 

.0135 

.68 

.00 

.00 

.27 

u.oo 

March 

Sll^t. 

.80 

.0028 

.0178 

.57 

.00 

.00 

.M 

11.50 

April, 

Deeided. 

.81 

.0082 

.0191 

.47  1 

.00 

.00 

.47 

5.70 

May 

V.  alight. 

.41 

.0026 

.0281 

.40  ; 

.00 

.00 

.44 

6.75 

June,       ...... 

V.  slight. 

.28 
.80 

.0081 

.0281 

.54 
.58  j 

.00 

.00 

.58 

6.40 

ATerage, 

- 

.0087 

.0222 

- 

I 

.47 

'  10.10 

Purification  of  Creamery  Waste. 

An  experiment  has  been  made  daring  the  year  upon  methods  of 
purifying  the  wastes  from  creameries,  this  waste  consisting  largely 
of  water  which  has  been  used  in  washing  out  cans,  chums  and  other 
apparatus,  together  with  the  milk  washed  from  these  cans.  Owing 
to  the  composition  of  milk,  this  waste,  even  when  containing  but  a 
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very  slight  proportion  of  milk  compared  with  the  amount  of  water 
used  in  washing  the  cans,  etc.,  shows  upon  analysis  a  very  large 
amount  of  nitrogen  and  carbon,  as  determined  in  the  form  of  albu- 
minoid ammonia  and  the  amount  of  oxygen  consumed  from  perman- 
ganate. A  sample  of  waste  from  a  creamery  atUxbridge,  supposed 
to  be  representative  of  the  strongest  waste  liquor  from  that  place, 
was  collected  upon  April  8,  1898,  and  analyzed  with  the  following 
result :  — 

Crtamery  Waste, 

[ParU  per  100,000.] 


S0UD8. 

AiciioyjA. 

Loss  on 
Ignition. 

Fixed. 

Free. 

▲LBUMIXOID. 

Oxygen 

TOUL 

Total. 

In 
Solution. 

In 
Soipension. 

Consumed. 

146.00 

1S0.70 

14.80 

.2190 

4.02 

.72 

8.00 

51.90 

Owing  to  the  difficulty  with  which  samples  representing  the  entire 
wastes  from  the  creamery  could  be  obtained,  it  was  thought  that 
mixtures  of  milk  and  water  in  different  proportions  could  be  made 
at  the  experiment  station,  and  investigations  made  upon  the  purifi- 
cation of  these  mixtures,  the  results  from  which  would  be  comparable 
with  the  results  obtained  if  wastes  taken  directly  from  the  creamery 
were  used.     The  first  experiment  was  as  follows  :  — 

A  filter  was  put  in  operation  containing  4  feet  of  clean  sand  with 
an  effective  size  of  Q.23  millimeter.  This  filter  was  started  April 
11,  1898,  and  at  first  it  received  a  mixture  containing  equal  propor- 
tions of  skimmed  milk  and  water,  at  the  rate  of  200,000  gallons  per 
acre  daily.     The  analysis  of  this  mixture  was  as  follows  :  — 


Applied  Liquor, 

[ParU  per  100,000.] 


Ammovia. 

Oxygen  Consumed. 

Free. 

Albuminoid.             i 

Bftcterla  per 
Cnblo  Centlmflter. 

6.00 

06.00 

760.00 

88,000,000 

Owing  to  the  strength  of  this  mixture,  as  shown  by  the  analysis, 
it  was  applied  for  only  two  days,  and  on  the  third  day  of  operation 
of  the  filter  the  rate  was  reduced  to  100,000  gallons  per  acre  daily, 
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and  the  liquor  applied  contained  one-third  skimmed  milk  to  two- 
thirds  water.  This  mixture  and  the  rate  of  application  clogged  the 
filter  badly,  and  on  April  22,  two  inches  of  curd  were  removed  from 
the  surface  of  the  filter,  and  the  surface  dug  over  to  the  depth  of  6 
inches.  Following  this,  the  liquid  applied  to  the  filter  contained 
only  one-thirty-fifth  as  much  milk  as  water.  The  analysis  of  this 
liquid  was  as  follows  :  — 

Applied  Liquor. 

[Parts  per  100,000.] 


AMMOKIA. 

1        Oxygen  Consumed. 

1 
1 

Free. 

Albuminoid. 

Baeteria  per 
CnMc  CenUmeter. 

1.66 

7.67 

42.60 

16,000,000 

The  amount  of  ammonia  found  in  the  mixtures  of  milk  and  water, 
and  also  the  amount  of  oxygen  consumed  from  permanganate,  varied 
very  much  with  different  samples  of  milk  and  different  age  of  the 
same  sample.  Up  to  this  time,  April  22,  the  skimmed  milk  used  was 
generally,  but  not  always,  sour  when  applied  to  the  filter,  and  the 
reaction  of  both  the  liquor  applied  to  and  the  efiluent  from  the  filter 
was  acid.  No  nitrification  took  place  in  the  filter  during  this  period, 
and  the  average  analysis  of  the  effluent  for  the  two  months  of  April 
and  May  was  as  follows  :  — 

Effluent, 

[ParU  per  100,000.] 


AlfKOKIA. 

NiTBOOKK  A8 

Oxygen 
;  Consumed. 

Bacteria 

MOKTH. 

p 

Free. 

Albuminoid. 

nitrates. 

Nltritei. 

per  Cubic 
Oenttmeter. 

April,       »       •       ■        • 
May,        .... 

6.20 
16.23 

18.60 
2.72 

.00 
.00 

.0080 
.0040 

i 

217.00 
6.33 

1 

S.000,000 
S6.000.000 

The  greater  amount  of  organic  matter  in  the  efiluent  during  April 
was  partly  due  to  the  excessive  strength  of  the  liquor  applied  dur- 
ing the  first  few^  days  of  operation  of  the  filter.  As  stated  above, 
up  to  this  date  the  skimmed  milk  mixed  with  the  water  and  ap- 
plied to  the  filter  was  generally  sour,  but  beginning  June  1,  the 
milk  applied  was  sweet  at  the  time  of  application  to  the  filter  on 
at  least  half  the  days,  and  when  sour  milk  of  lime  was  added  in 
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varying  amounts  of  from  1  to  13  grains  per  gallon,  enough  being 
added  each  time  to  make  this  liquor  slightly  alkaline.  The  effluent 
of  the  filter  did  not  improve,  however,  and  continued  to  have  a 
strong  odor  of  sour  milk  and  an  acid  reaction.  Hence,  for  two 
weeks,  from  June  12  to  25  inclusive,  the  filter  was  flooded  daily 
with  water  alone,  the  rate  being  the  same  as  when  the  mixture  of 
milk  and  water  was  applied.  At  the  end  of  this  period  the  filter 
was  in  good  condition,  and  upon  June  27  the  regular  flooding  of 
the  filter  with  the  mixed  liquor  was  again  begun.  The  effluent  of 
the  filter  improved  slightly  from  this  time,  and  during  July  nitrifica^ 
tion  was  at  times  active  in  the  filter,  while  at  other  times  during 
the  month  the  effluent  contained  practically  no  nitrates.  The  aver- 
age analysis  of  the  effluent  for  the  month  was  as  follows  :  — 

Effluent, 

[Parts  per  100,000.] 


Ammohia. 

KlTSOGBX  A8 

OzTgen 
CooaomML 

Free. 

Albuminoid. 

Nitrates. 

Nitrites. 

Bacteria  per 
Cablo  Centimeter. 

8.10 

.81 

1.00 

.0560 

.82 

1,026,000 

Nitrification  was  active  in  the  filter  during  the  first  three  weeks 
of  August,  but  the  effluent  contained  no  nitrates  during  the  last 
week  of  the  month.  During  September  poor  results  were  still 
obtained,  and  on  October  12  the  strength  of  the  liquid  applied  was 
still  further  reduced,  so  that  it  contained  less  than  1  per  cent,  of 
milk.  The  analysis  of  this  liquid,  which  was  applied  during  the 
remainder  of  this  month  and  up  to  December  7,  was  as  follows :  — 

Applied  Liquor, 

[ParU  per  100,000.] 


AmoiriA. 

Free. 

Albominoid. 

Oxygen  Consnmed. 

.12 

1.88 

8.66 

During  the  first  of  November  nitrification  again  became  fairly 
active  in  the  filter,  the  average  analysis  of  the  effluent  for  this 
month  and  for  the  first  week  in  December  being  as  follows :  — 
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SffluenL 

[Faitopw  100,000.] 


AmioviA. 

1 

NITBOOKV  ▲• 

Ozjgvn 
Gootomed. 

BaeterU 

MOVTB. 

Free. 

Albamtnold. 

NItntes. 

NItrttea. 

per  Cubic 
CentiflMter. 

Kov«iiiber, 
December, 

.82 
.81 

.1100 
.0780 

l.U 
1.40 

.0827 
.0800 

.tt 

.88 

»0,000 
128,000 

As  stated  before,  the  odor  of  the  effluent  during  the  first  months 
of  operation  of  the  filter  was  very  strong  and  decidedly  that  of 
sour  milk.  This  odor  continued  strong  until  the  end  of  October. 
During  November,  when  nitrification  became  fairly  constant  in  the 
filter,  the  odor  of  the  effluent  became  much  less,  and  with  the  advent 
of  colder  weather  in  December,  still  less  noticeable,  and  during 
the  first  three  months  of  1899  the  effluent  has  been  clear,  practicaUy 
colorless  and  without  a  distinguishing  odor. 

Upon  December  7  the  rate  of  operation  of  the  filter  was  reduced 
to  50,000  gallons  per  acre  daily,  the  proportionate  mixture  of  milk 
and  water  being  the  same  as  from  October  12.  The  average  analysis 
of  the  liquor  applied  during  the  last  three  weeks  of  December  and 
the  first  week  of  January,  1899,  was  as  follows :  — 


Applied  Liquor, 

[PurU  per  100,000.] 


AmionA. 

Free. 

AJbnmlBold. 

Ozjgea  OouoBed. 

.10 

2.» 

9.18 

The  average  analysis  of  the  effluent  of  the  filter  during  the  last 

three  weeks  of  December  and  the  first  week  of  January  was  as 

follows :  — 

Effluent, 

[Peru  per  100,000.] 


Ammoiha. 

KitaooKV  At 

GeoMueed. 

Free. 

1 
AlbUBliioM. 

mir»tee. 

Nllittee. 

BMteiteper 
CobicCeBdiiim. 

.80 

.0760 

2.70 

.0600 

.88 

Tr,ooo 
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Upon  Januaiy  7  the  strength  of  the  applied  liquor  was  practically 
doubled,  but  the  rate  of  application  was  reduced  to  25,000  gallons 
per  acre  daily,  the  average  analysis  of  the  applied  liquor  from  that 
date  up  to  the  present  time,  March  31,  1899,  being  as  follows :  — 

Applied  Liquor. 

[ParU  per  100,000.] 


AMXOVU. 

Free. 

ABramlnold. 

Oxygen  Consmned. 

.26 

4.00 

86.60 

The  average  analysis  of  the  liquor  during  this  period  was  about 

the  same  as  that  of  the  sample  obtained  from  the  Uxbridge  creamery 

in  April,  1898,  and  pre^dously  mentioned.     The  average  analysis 

of  the  effluent  of  the  filter  from  January  7  to  March  31,  1899,  is  as 

follows :  — 

JEffluent. 

[PbtU  per  100,000.] 


AxmoTfiA, 

XlTaOOBV  A» 

Oxyien 
Oontomed. 

Free. 

AlbQinliMld. 

Nltntet. 

Nitrites. 

Bacteria  per 
Cable  Centtmeter. 

.60                       .0680 

8.80 

.0700 

.88 

ao^ooo 

During  the  period  of  operation  of  this  filter,  many  bacterial 
analyses  and  determinations  of  the  species  present  in  the  applied 
liquor  and  effluent  have  been  made.  The  numbers  of  bacteria  per 
cubic  centimeter  in  the  applied  liquor  have  varied  very  greatly  at 
different  times.  During  the  first  period  of  operation,  when  the 
strongest  liquor  was  applied,  there  were  many  million  present,  the 
first  analyses  showing  generally  from  50,000,000  to  85,000,000 
bacteria  per  cubic  centimeter  at  this  time.  With  the  reduction  in 
the  proportion  of  milk  in  the  applied  liquor,  the  number  of  bacteria 
decreased  very  greatly.  Especially  after  the  use  of  lime  to  render 
the  applied  liquor  alkaline,  the  numbers  were  cut  down  so  that  at 
times  there  were  only  a  few  thousand  per  cubic  centimeter  present 
in  the  sample  at  the  time  of  planting  the  sample  and  of  applying 
the  liquid  to  the  filter.  Sometimes  the  skimmed  milk  mixed  with 
the  w^ater  was  sweet  and  sometimes  sour ;  at  the  times  when  sweet 
milk  was  used  the  bacteria  were  very  few  in  number  as  compared 
with  the  times  when  sour  milk  was  used. 
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The  range  of  numbers  in  the  effluent  of  the  filter  has  been  nearly 
as  great,  as  a  rule,  as  in  the  applied  liquor,  and,  during  the  last  six 
months  of  operation  of  the  filter,  more  bacteria  have  been  found  in 
the  effluent  than  in  the  applied  liquor.  Two  species  have  been  very 
prominent  amongst  those  found,  both  in  the  liquor  applied  to  and 
the  effluent  from  the  filter.  One  of  these  species  liquefies  the  gela- 
tine plate  and  the  other  does  not,  but  both  produce  lactic  acid  fer- 
mentation, and  grow  best  at  thirty  degrees  Centigrade.  The  applied 
liquor  often  contained  the  above  two  species,  almost  to  the  exclusion 
of  all  others.  The  number  of  species  in  the  effluent,  however,  has 
been  more  varied,  many  kinds  being  found  which  were  present  in  the 
city  water  applied  with  the  milk  and  in  the  air.  The  two  character- 
istic species,  however,  are  always  present.  During  the  summer 
months,  when  the  strength  of  the  applied  liquor  was  somewhat 
greater  generally  than  that  now  being  applied,  and  the  rate  of  opera- 
tion of  the  filter  considerably  higher,  these  two  species  developed 
in  the  upper  portion  of  the  filter  practically  to  the  exclusion  of  all 
other  kinds,  not  only  causing  the  milk  to  become  sour  shortly  after 
its  application  to  the  filter,  notwithstanding  the  lime  used  at  the  time 
of  application,  but  also  causing  the  sand  for  a  considerable  deptii  in 
the  filter  to  have  the  characteristic  odor  of  sour  milk.  The  rapid 
growth  and  multiplication  of  these  two  species  in  the  applied  liquor 
and  in  the  sand,  and  the  bodies  produced  by  them,  retarded  the 
development  of  the  nitrifying  bacteria,  as  shown  by  the  results  ob- 
tained. As  cooler  weather  began,  and  the  applied  liquor  and  the 
filter  itself  were  kept  at  a  lower  temperature,  the  growth  of  these 
two  species  became  much  slower,  thus  apparently  delaying  lactic 
acid  fermentation  for  such  a  space  of  time  that  it  became  possible 
for  the  nitrifying  bacteria  to  develop  and  establish  themselves  in  the 
filter  in  such  numbers  and  strength  as  to  enable  them  to  work  over 
the  applied  liquor  and  produce  the  desired  results  before  lactic  acid 
fermentation  could  take  place ;  and,  as  stated,  the  effluent  has  been 
for  practically  three  months  a  clear,  well-purified,  almost  colorless 
liquid.  The  rate  of  operation  at  the  present  time  is  considerably 
less  than  during  the  summer  months,  which  undoubtedly  has  had 
considerable  to  do  in  obtaining  more  satisfactory  results.  Various 
experiments  upon  the  use  of  filters  of  coke,  iron,  etc.,  have  been 
tried  in  connection  with  the  disposal  of  this  waste,  but  without 
favorable  results.  Boracic  acid  in  varying  proportions  has  also 
been  added  to  the  waste  before  applying  it  to  a  sand  filter,  with  the 
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idea  of  eliminating  the  lactic  acid  bacteria  and  allow  the  greater 
development  of  the  nitrifying  bacteria ;  but  this  has  not  produced  the 
result  desired. 


Cinders  and  Ashes  as  Filtering  Materials. 

Filter  JVo.  80. 

The  use  of  cinders  as  a  filtering  material  was  begun  at  the  ex- 
periment station  during  1896,  when  Filter  No.  80,  containing  4^4 
feet  in  depth  of  coal  ashes,  was  first  put  into  operation.  This  filter 
was  kept  in  operation  until  the  end  of  September,  1898.  During 
all  this  time  it  gave  a  well-purified  elBuent.  The  average  rate  of 
operation  during  1898  was  84,700  gallons  per  acre  daily.  The 
material  of  the  filter  was  almost  entirely  fine  ashes,  without  any 
considerable  portion  of  cinder.  Owing  to  this,  the  sewage  passed 
below  the  surface  of  the  filter  with  considerable  diflSculty,  as  shown 
in  the  following  table,  and  the  filter  was  discontinued  in  September^ 
as  it  had  apparently  been  proved  by  this  time  that  as  good  results 
qualitatively  could  be  obtained  by  a  filter  containing  less  of  the  fine 
ashes,  and  of  course  the  quantity  applied  could  be  greater  and  the 
degree  of  clogging  less. 


Effluent  of  Filler  No.  80. 

[Parte  per  100,000] 


Qnan- 

AppUed. 

Oallona 

per  Aen 

Daily 

IbrSIx 

Days  In  a 

Week. 

TncpsBA- 
Tuaa. 

Dao.  F. 

Lentthof 

Time 

Sewage 

Remained 

on 
Sorfkoe. 

Honrt  and 
Mlnntet. 

ArpaAaAVca. 

AMMOaiA. 

i 

e 

6.76 

Nmo«av 
Aa 

• 

■s 

B 

8 
• 

1 

o 

5 

S 

S 

1 

i 

-6 

1 

< 

• 

1 

• 

Bacteria  per 
Centimeter. 

109S. 

1 

S 

JaniBrj,    . 

1»,000 

48 

42 

4h.   4m. 

None. 

.02 

0.0281 

.0064 

1.76 

.0017 

.04 

114 

Fabmary, . 

120,000 

4ft 

U 

6h.27m. 

V.  alight. 

.04 

0.0170 

.0040 

6.67 

1.86 

.0086 

.06 

68 

March,       . 

iao,ooo 

47 

U 

Oh.  7m. 

BUght. 

.12 

0.0266 

.0024 

6.00 

1.01 

.0062 

.01 

16 

April, 

08,100 

46 

46 

8h.  6m. 

Blight. 

.67 

0.0710 

.0067 

6.48 

1.20 

.0062 

.07 

18 

May..       . 

00,200 

66 

66 

6h.42m. 

Blight. 

.68 

0.1621 

.0067 

6.61 

1.07 

.0072 

.06 

16 

Jma,. 

00,000 

66 

67 

12h. 

Blight. 

.60 

1.0760 

.0260 

10.84 

0.88 

.0080 

.06 

12 

July, . 

60,000 

78 

78 

lOh. 

Bltghu 

.46 

1.0000 

.0800 

0.00 

0.76 

.0200 

.07 

80 

Aofiiat,     . 

00,000 

74 

77 

60m. 

None. 

.08 

0.0684 

.0088 

8.26 

1.78 

.0100 

.06 

42 

BaptombOTf 

60,000 

60 

67 

67 
67 

1h.l8m. 

None. 

.04 
.27 

0.0876 

.0066 
.0100 

6.00 
6.04 

1.46 
1.28 

.0006 

.00 
.06 

22 

Avaraffa, 

84,700 

- 

- 

0.2764 

.0068 

86 

Bnrfaee  raked  8  Inehea  deep  eaoh  week ;  spaded  to  the  depth  of  6  inehea  April  8,  20  and  Jnly  6. 
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Filter  jSTo.  95. 

This  filter  contains  4%  feet  in  depth  of  ashes  from  the  combustion 
of  sofk  coal,  and  was  put  in  operation  during  the  last  part  of  Octo- 
ber, 1897.  The  ashes  in  this  filter  were  considerably  coarser  and  of 
a  firmer  nature  than  those  in  Filter  No.  80,  and  the  rate  of  opera- 
tion from  the  start  up  to  Jan.  1,  1899,  has  been  100,000  gallons  per 
acre  daily.  Operating  "at  this  rate  the  filter  has  produced  a  clear, 
almost  colorless  effluent,  containing  very  little  unoxidized  organic 
matter,  as  shown  by  the  table  below.  The  material  in  the  filter  has 
been  coarse  enough  to  allow  the  sewage  to  pass  readily  below  its 
surface. 

Effluent  of  Filter  No.  95. 

[ParU  per  100,000.] 


Quan- 

AppUed. 

OalloBs 

per  Acre 

Dally 

IbrSlz 

Days  In  a 

Week. 

TaXPBRA- 
TOU. 

Dbo.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Snrilue. 

Hours  and 
Mmutes. 

Appkabahcb. 

AMMONIA. 

6 

s 

s 

5.20 
6.09 
6.99 
6.87 
6.43 
10.84 
U.OO 
8.60 
8.80 
8.05 
8.70 
7.04 

7.74 

NmooBsr 

AS 

• 

1 
§ 

a 
s 

i 

1 

B 

1 

1 

1 

s 

§ 

< 

* 

I 

1 

1 

k.  ml 

1898. 

E 

-J 

c 

i 

|<5 

Jannary,    . 
Febraaty, . 
Karob, 
AprU, 
May,  .       . 
June, . 
July,  . 
Angaet.     . 
Beptember, 
October,    . 
Noyember . 
December, . 

100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 

43 
46 

47 
46 
56 
66 
78 
74 

«o 

66 
46 
45 

66 

44 

45 
48 
40 
68 
67 
78 
78 
68 
04 
63 
46 

67 

Om. 
12m. 

8m. 
21m. 
82m. 
2Lm. 
ISm. 
18m. 

6m. 
16m. 
42m. 
18m. 

V.allgbt. 

V.allght. 

y.Bllgbt. 

Kone. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

.08 
.03 
.07 
.09 
.08 
.06 
.06 
.02 
.02 
.00 
.06 
.06 

.06 

.0820 
.0446 
.1018 
.0864 
.0447 
.0865 
.0522 
.0248 
.0028 
.0048 
.0888 
.0411 

.0125 
.0182 
.0281 
.0101 
.0183 
.0102 
.0188 
.0131 
.0124 
.0145 
.0162 
.0207 

.0168 

1.06 
2.07 
2.16 
2.64 
3.87 
3.76 
2.07 
2.07 
2.26 
2.60 
8.06 
2.18 

2.60 

.0018 
.0044 
.0028 
.0013 
.0029 
.0017 
.0080 
.0004 
.0000 
.0001 
.0006 
.0006 

.00 
.10 
.16 
.16 
.16 
.16 
.12 
.11 
.07 
.13 
.14 
.18 

1,907 

187 

1,066 

2U 

88 

146 

84 

27 

u 

61 

89 

882 

Average, 

100,000 

- 

- 

.0410 

.0016 

.IS 

846 

Barfaee  raked  8  incbea  deep  each  week ;  spaded  to  a  depth  of  6  Inches  April  8. 


Operation  of  the  Large  Intermittent  Filters,  ^^  or  an 

Acre  in  Area. 

The  large  filters,  placed  in  the  field  outside  the  station,  have  ac- 
complished their  usual  satisfectory  work  during  the  year.  Some  of 
these  filters  have  now  been  in  operation  eleven  years,  and  are  with- 
out doubt  in  as  good  a  physical  condition  as  they  have  been  since 
the  first  year  or  two  of  their  operation.  The  following  table  shows 
the  period  of  service  to  date  of  these  filters,  together  with  the  volume 
of  sewage  applied  to  them  and  their  efficiency  reckoned  by  percent- 
ages of  organic  matter  and  bacteria  removed  during  1898  :  — 
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D0»V8I01IS 

ofFiltxbb 

Date  when  Sewage  was 
First  Applied. 

Actoal  Number  of  Gal- 
lons applied  to  Jan. 
1,1899. 

m 
e 

O 

m 

fill 

AVXRAOB  (1888)  Pb« 
Gbvt  Rbmoval  of 

KtniBXB  OF 
FILTBB. 

a 

1 

Mean  Diameter 
(Inches). 

Albuminoid 
Ammonia. 

Oxygen 

Consumed. 

m 

1 

CQ 

1> 

88 

200 

Jm.    10.1888, 

1.868,746 

271,749,000 

60,600 

89 

88 

99.15 

2. 

60 

200 

Dee.    10, 1887, 

678,268 

186,668,000 

38,800 

96 

94 

99.99 

4. 

60 

200 

Dm.    10,188T, 

468,108 

90,688,600 

19,800 

96 

97 

99.99 

•A. 

60 

200 

Sept.  14,1801, 

810,970 

168,894,000 

88,200 

-« 

^ 

.* 

6B.      . 

60 

200 

Mar.     6, 1898, 

91,600 

18,320,000 

70,700 

98 

92 

98.67 

«. 

44 

200 

Jan.    12, 1888, 

960,780 

190,167,800 

66,600 

98 

89 

99.81 

9A,      , 

60 

200 

Not.   18,1800, 

968,782 

192,766,400 

74,200 

92 

86 

99.70 

10. 

60 

200 

July    18,1804, 

196,610 

80,822,000 

28,600 

98 

90 

99.47 

*  In  operation  only  two  mooiha  la  1898. 

Before  beginning  the  description  of  these  filters,  it  can  be  said 
that  an  interesting  experiment  was  made  during  the  year,  to  learn 
what  results  could  be  obtained  by  applying  during  the  winter  vol- 
umes of  sewage  greater  than  usually  applied,  in  order  to  keep  the 
filters  more  free  from  frost.  It  was  intended,  moreover,  although  a 
greater  volume  of  sewage  was  applied,  that  this  sewage  should  be 
enough  weaker  than  the  regular  sewage  to  make  the  amount  of  or- 
ganic matter  reaching  the  filter's  surface  about  the  same  as  when 
smaller  volumes  of  stronger  sewage  were  used.  It  is  the  custom  at 
the  sewage  disposal  areas  of  the  State  to  flood  the  beds  with  a  very 
large  volume  of  sewage  on  one  day,  and  allow  several  days  to  elapse 
before  another  flooding.  At  these  filtration  areas,  where  the  under- 
drains  are  many  feet  apart,  this  can  be  done  with  satisfactory  results, 
the  heat  contained  in  this  large  volume  of  sewage  being  very  effi- 
cient in  removing  frost  from  the  upper  portion  of  the  sewage  filters. 
With  our  relatively  small  experimental  filters,  however,  each  one 
with  gravel  underdrains  underneath  the  entire  area  of  the  filter,  these 
large  volumes  cannot  be  applied  so  successfully.  With  the  increased 
volume  applied  during  the  cold  months  of  1898,  however,  it  was 
evident  that  the  upper  portion  of  the  filter  was  kept  in  a  more  porous 
condition  than  when  smaller  volumes  were  applied,  and  the  eflect 
upon  the  effluents  obtained  from  the  filters  is  shown  by  the  following 
tables,  in  which  a  comparison  is  made  of  the  1897  and  1898  January 
and  February  Results  obtained  from  filters  Nos.  1,  6  and  9  A :  — 
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Average  Analysis  of  the  Effluent  of  Filter  No,  2,  January  and  February,  1897, 

and  January  and  February,  1898, 

[Parte  per  100,000.] 


Date  of 

FiltraUon. 

TlMrSIATUKJC  OP 

1 

AimoiiiA. 

Chlorine. 

r 

VlTBOOSlI  AM 

• 

Ykab. 

• 

1 

2 

Effluent. 

£ 

S 
o 

< 

• 

1 

as 

• 

1 

8 
a 
• 

r 

1807,  .        .       . 

1808,  .       .       . 

80,000 
78,500 

50 
50 

40 
40 

.55 
.46 

1.80 
0.98 

.1880 
.1210 

8.82 
8.10 

1.88 
1.86 

.0251 
.0770 

.88 

.82 

Average  Analysis  of  the  Effluent  of  Filter  No.  6,  January  and  February^  1897, 

and  January  and  February,  1898. 

[Parte  per  100,000.] 


• 

1 

TBHPSaATDSI  OF 

AXMOXIA. 

NmoQBir  Aa 

i 

Teas. 

1 

• 

«j 

S 

o 

6 

• 

1 

•J 

n 

s 

c 

s 

• 

1 

0) 

1 

. 

O 

i 

Ibumli 

e 
1 

S 

1^ 

M 

A 

OD 

u 

5 

Si. 

-< 

^ 

e 

K 

,0 

1807,     .       .       . 

80,200 

50 

88 

.52 

1.88 

1 

.1260 

6.90 

1.09 

.1088 

.77 

1808,    .       .       . 

78,760 

48 

88 

.80 

0.48 

.0720 

4.17 

1.08 

.0882 

.55 

t 

Average  Analysis  of  the  Effluent  of  Filter  No.  9  A,  January  and  February,  1897, 

and  January  and  February,  1898. 

[Parte  per  100,000.] 


Date  of 

FlUratlon. 

TBMPKaATUU  OP 

i 

a 

AXXOXIA. 

• 

ja 

1 

NxnOOBB  AS 

i 

YSAB. 

■ 

e 

• 

1 

AltNimfaiold. 

i 

1 

1897,     .       .       . 
1808,     •        .        • 

57.200 
97,800 

46 
44 

89 
88 

.68 
.89 

2.22 
0.89 

.1867 
.0828 

8.a 

4.40 

1.80 
1.17 

.0186 

.0020 

1 

Studying  these  results  in  detail,  we  find  that  not  only  purer  efflu- 
ents were  obtained,  on  account  of  the  weaker  sewage  applied  during 
these  two  months  in  1898,  but  that  the  results  were  more 'than  pro- 
portionally better,  if  we  take  into  account  the  total  nitrogen  applied 
during  each  period.  That  is,  if  we  multiply  the  total  nitrogen  in  the 
average  sewage  applied  to  these  filters  during  the  first  period  by  the 
rate  in  thousand  gallons,  and  do  the  same  with  the  total  unoxidized 
nitrogen  in  the  effluents,  we  shall  find,  for  instance,  piat  with  Filter 
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No.  6  an  average  of  231  units  of  unoxidized  nitrogen  were  applied 
daily  during  January  and  February,  1897,  and  71  units  appeared 
daily  in  the  effluent,  showing  a  removal  or  oxidation  of  69  per  cent. 
During  January  and  February,  1898,  an  average  of  194  units  were 
applied  daily,  and  35  units  appeared  in  the  effluent,  showing  a 
removal  or  oxidation  of  82  per  cent.  Even  better  comparative 
results,  calculated  in  this  way,  were  obtained  with  Filter  No.  9  A. 
Tables  of  analyses  of  the  sewage  applied  to  these  filters  during 
these  two  periods  are  given  on  page  414  of  the  report  for  1897  and 
page  437  of  the  present  report. 


Filter  No.  1. 

Filter  No.  1  contains  60  inches  in  depth  of  coarse  sand  of  an  effec- 
tive size  of  0.48  millimeter,  and  is  -^^-^  of  an  acre  in  area.  The  fil- 
ter has  been  operated  during  the  year  at  an  average  rate  of  60,500 
gallons  per  acre  daily,  and  has  given  a  satisfa<5tory  effluent.  The 
surface  of  the  filter  has  been  raked  1  inch  deep  each  week  and  spaded 
over  to  a  depth  of  6  inches  on  April  18  and  October  1.  The  fol- 
lowing table  gives  the  averages  of  the  analyses  of  the  effluent  for 

the  year :  — 

Effluent  of  Filler  No,  I. 

[ParU  per  100,000.] 


Qnan- 

tJty 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six 

Dajflna 

Week. 

TniPMA- 

TI7RB. 

Dko.  F. 

Lenffth<rf 

Time 

Sewage 

Remained 

on 
Snrfice. 

Honrs  and 
MInatea. 

APrBABAXCB. 

AwlfOKZA. 

S 

o 

5.21 
7.16 
8.02 
6.88 
7.75 
7.07 
6.19 
8.45 
8.85 
6.69 
5.99 
7.17 

7.08 

KxnooBN 

▲8 

• 

i 

• 
e 

s 

1 

i 

i 

5 

• 

1 

• 

o 

e 

1 

< 

8 

1 

■ 

1 

i_ .. 

189S. 

i 

1 

«i 

«  a 

January,    . 
Febmary,  . 
March, 
April, . 
May,   .        . 
Jane,  . 
July.  . 
Augua^      . 
September, 
October,     . 
November,. 
Deeomber, . 

100,000 
47.000 
60,000 
65,400 
57.700 
00,000 
67,700 
60,000 
60,000 
48,800 
60,000 
04,400 

53 
47 
46 
45 
55 
66 
71 
72 
68 
55 
47 
45 

56 

40 
40 
48 
46 
51 
64 
78 
74 
72 
65 
52 
41 

55 

56m. 

2h.  20m. 

10m. 

81m. 

8m. 

8m. 

10m. 

8m. 

6m. 

41m. 

Ih.   6m. 

2h.  88m. 

i 

Great. 
Decided. 
Slight. 
Slight. 
Slight. 
V.  alight. 
V.Blight. 
Slight. 
V.Blight. 
i  None. 
V.  alight. 
Decided. 

.48 
.41 
.32 
.27 
.21 
.18 
.14 
.17 
.14 
.10 
.15 
.34 

.24 

1 

0.9150 
1.0440 
0.8059 
0.0415 
0.0286 
0.0448 
0.0706 
0.0150 
0.0119 
0.1400 
0.2840 
1.6800 

.1285 
.1136 
.0858 
.0586' 
.0894} 
.0418 
.0806 
.0292 
.0225 
.0220 
.0828 
.1500 

.0628 

1.25 
2.06 
8.25 
2.97 
3.56 
8.66 
8.08 
2.68 
2.85 
2.91 
2.86 
1.56 

2.64 

.0705 
.0886 
.0825 
.0160 
.0082 
.0001 
.0002 
.0006 
.0001 
.0004 
.0002 
.0125 

0.77 
0.87 
0.67 
0.40 
0.85 
0.88 
0.26 
0.29 
0.26 
0.24 
0.26 
1.20 

0.50 

46,400 

27.800 

12,200 

17,800 

8,660 

27,000 

4,800 

6,700 

8.000 

5,300 

7,000 

25,800 

Average, 

60,500 

- 

0.8851 

i 

.0225 

15,800 

Sewage  applied,  500  gallona  elz  tlmee  a  week  from  Janoary  1  to  February  2;  800  gallons  aiz  times  a 
weak  from  Febrnary  8  to  December  11;  300  gallone  six  tiraee  a  week  from  December  12  to  31,  except 
when  thermometer  waa  below  16*  F.  at  7  am,  when  600  gallons  was  applied.  DnHog  January,  13} 
Inehea  of  enow  and  ^  loch  of  ice  removed ;  during  February,  87^  Inches  of  snow  and  i  Inch  of  Ice 
removed;  daring  March,  4  Inchee  of  snow  removed;  during  April,  8  Inches  of  snow  removed;  daring 
November,  14  Inches  of  snow  removed;  during  December,  6^  Inches  of  snow  and  If  Inchea  of  Ice 
removed. 
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Filter  No.  2. 

This  filter  is  ^\-^  of  an  acre  in  area  and  contains  60  inches  in  depth 
of  fine  sand  of  an  eflTective  size  of  0.08  millimeter,  with  two  circular 
trenches  1  foot  wide  and  2  feet  deep  of  medium  sand  of  an  effectiye 
size  of  0.19  millimeter,  the  surfisMse  of  these  trenches  being  below 
the  surface  of  the  remainder  of  the  filter,  and  to  these  trenches  the 
sewage  is  applied.  The  average  rate  of  filtration  for  the  year  has 
been  38,300  gallons  per  acre  daily.  The  surface  of  the  trenches  has 
been  raked  1  inch  deep  each  week  and  dug  over  to  a  depth  of  6  inches 
on  January  13,  March  26  and  October  1.  The  following  table  gives 
the  monthly  averages  of  the  analyses  of  the  effluent :  — 


Effluent  of  FiUer  No.  2. 

[Parte  per  100,000.] 


Qoan- 

AppUed. 

QaUont 

per  Acre 

Dally 

for  Six 

Days  In  a 

Week. 

TBMPaBA- 
TUBB. 

DBO.F. 

Length  of 

Time 

Sewage 

Bemalned 

on 
Sarfkoe. 

Hourt  and 
Mlnatet. 

ArPBASAllOB. 

AmioiiiA. 

1 

s 

6.84 

NlTBO«BII 

1 

a 
• 

1 

J 

• 

•a 

a 
H 

1 

1 

1 

< 

i 

e 

. 

ISM. 

• 

1 

1 

1 

i 

JaoDAry,    . 

86,400 

60 

41 

Oh. 

None. 

.11 

.8260 

.0800 

1.26 

.0128 

.28 

1 

1 

268 

Febmary,  . 

38,800 

40 

80 

4h.  87m. 

None. 

.11 

.8160 

1 

.0370 

4.88 

1.24 

.0810 

.28 

107 

Marelw 

88,600 

47 

42 

lb.  16m. 

None. 

.12 

|.7226 

.0836 

4.82 

2.16 

.0810 

.24 

114 

April, . 

40,000 

48 

44 

Ih.  Om. 

None. 

.12 

.0829 

.0161 

4.21 

2.47 

.0007 

.18 

88 

May.  .       . 

40,000 

66 

40 

11m. 

None. 

.11 

.0023 

.0140 

4.10 

2.88 

.0000 

.18 

48 

Jone,  . 

40.000 

86 

82 

11m. 

None. 

.04 

.0013 

.0174 

8.02 

3.06 

.0000 

.17 

12 

July,  . 

40.000 

72 

80 

8m. 

None. 

.07 

.0028 

.0178 

7.84 

2.88 

.0000 

.SO 

8 

Anguat, 

40,000 

73 

72 

8m. 

None. 

.08 

.0016 

.0172 

7.80 

'  2.87 

.0000 

.18 

2 

September, 

88.500 

08 

72 

lOm. 

None. 

.08 

.0017 

.0160 

7.06 

!  2.40 .0000  i 

1 

.18 

1 

Oetober,     . 

20,S00 

65 

86 

62m. 

None. 

.06 

.0008 

.0162 

6.78 

'2.47 

.0000  1 

t 

.IT 

28 

November, . 

40,000 

47 

64 

Ih.  24m. 

Nooe. 

.06 

.0028 

.0164 

8.68 

'  2.78 

j 

.0000 

1 

.18 

8 

December, . 

40,000 

47 
58 

43 
64 

8h.  10m. 

None. 

1 

.06 

.1242 

.0182 
.0204 

7.84 
8.06 

1.861.0121  i 

.tt 

8 

Average, 

88,800 

- 

1 

.08 

.1003 

2.30 

1 

.0078 

.20 

61 

Beware  applied,  100  gallone  8  Umee  a  week  from  Janoary  1  to  December  81.  Jnly  20,  cat  graM  and 
weeda  on  anrfaee.  Daring  Jannary,  17  incbee  of  enow  removed  from  anrfaee  and  2|  Inchee  of  toe  from 
trencbee;  dnring  Febmary,  88  isehee  of  aaow  removed  from  enrfaoe  and  1  Inch  of  tee  from  trenchee; 
dortng  March,  8  tnohee  of  anow  removed  from  anrfaee;  during  April,  8  Inebee  of  enow  removed ;  daring 
November,  14  inebee  d  enow  removed;  dortng  Deoember,  8)  inchee  of  anow  removed  from  aorliace  and 
1\  inchee  of  Ice  from  trenchee. 
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Filter  No.  4. 

This  filter  is  ^^  of  an  acre  in  area  and  contains  60  inches  in  depth 
of  fine  river  silt  of  an  effective  size  of  0.04  millimeter,  with  two  cir- 
cular trenches,  about  14  inches  wide  and  12  inches  deep,  of  coarse 
sand  of  an  effective  size  of  0.48  millimeter.  The  surface  of  these 
trenches  is  below  the  surface  of  the  remainder  of  the  filter  and  to 
them  the  sewage  is  applied.  The  average  rate  of  filtration  for  the 
year  has  been  19,300  gallons  per  acre  daily.  The  surface  of  the 
trenches  has  been  raked  1  inch  deep  each  week  and  spaded  to  a 
depth  of  6  inches  on  March  26  and  October  1.  The  following  table 
gives  the  averages  of  the  analyses  of  the  effluent :  — 


Effluent  of  Filter  No.  4. 

[ParU  per  100,000.] 


Quan- 
tity 
Applied 

1  Oallont 
per  Acre 
)    Dally 
1  furtilx 
'  Days  in  a 
1    Week. 

TSMPKRA- 
TUKB. 

Dkg.  F. 

1 

Length  of 

Time 

Sewave 

Remained 

on 
Surface. 

.Hours  and 

'  Minutes. 

1 

1 
Appbabakcb. 

Ammonia. 

• 

8 

s 

6.69 

NlTXOOKH 

▲s 

• 

3 

1 

e 

1 

Cubic 

• 

s 

1 

• 

a 

• 

1 

» 

o 

o 

1 

< 

i 

s 

-        • 

1898. 

i 

1 

Bacteria  per 
Centimeter 

Janoary,    . 

20,000 

48 

48 

Ob. 

None. 

.02 

.0188 

.0116 

1.99 

1 

.0004 

.10 

9 

Febraary,  . 

18,800 

40 

42 

7h.  28m. 

Kone. 

.04 

.0620 

.0148 

4.78 

1.14 

.0026 

.16 

14 

March,       . 

19,800 

46 

42 

60m. 

None. 

.02 

.1470 

.0144 

4.76 

1.46 

.0021 

.16 

8 

April, 

20,000 

46 

46 

62m. 

None. 

.01 

.1670 

.0146 

6.14    2.82 

li 

.0004 

.11 

12 

May, .        . 

20,000 

M 

60 

Um. 

None. 

.01 

.0807 

.0108 

3.94  !|2.67 

.0008 

.11 

4 

Jone, . 

20,000 

88 

63 

Om. 

None. 

.02 

.0032 

.0120 

6.76 

,2.77 

.0000 

.10 

42 

July,  . 

20,000 

71 

70 

4m. 

None. 

.04 

.0028 

.0118 

7.26 

2.08 

.0000 

.12 

2 

AngQBt,     • 

10.800 

78 

70 

1 

7m. 

None., 

.02 

.0022 

.0109 

7.68 

2.12 

.0000 

.11 

6 

September, 

20,000 

80 

72 

10m. 

None. 

.02 

.0022 

.0136 

7.44 

2.42 

.0000 

.10 

8 

Oeiober,    . 

18,800 

68 

64 

64m. 

None. 

.02 

1.0016 

.0116 

7.82 

8.08 

.0000 

.09 

0 

November, 

20,000 

47 

64 

18m. 

None. 

.02 

.0011 

.0098 

6.78 

2.47 

.0000 

.03 

8 

December, 

20,700 

47 
56 

46 
66 

2h.  50m. 

None. 

.01 
.02 

.0010 

.0073 
.0119 

6.21 
6.18 

2.26 
2.27 

.0000 

.07 
.10 

6 

Ayerage, 

10.800 

- 

- 

1.0366 

1 

.0006 

9 

Sewage  applied,  200  gallona  tbree  timet  a  week  from  January  1  to  December  81.  July  29,  cut  graae 
and  weeds  on  aarfaee.  Dnrlng  January,  18  Inches  of  anow  removed  from  anrface  and  \}i  incbea  of  ice 
from  trenebea;  during  Febrnary,  88K  Incbes  of  snow  removed  from  anrface  and  8H  Inches  of  ice  from 
treneliea;  dnrlng  March,  Z^  loehes  of  snow  removed ;  during  April,  8  Inches  of  snow  removed ;  during 
November,  14  Inches  of  snow  removed ;  during  December,  6  inches  of  snow  removed  from  surface  and 
X  Ineh  of  Ice  from  trenches. 
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Filtei'  JVo.  5  A. 

This  filter  was  ^^^  of  an  acre  in  area  and  contained  60  inches  in 
depth  of  fine  gravel  of  an  effective  size  of  1.40  millimetei's.  The  filter 
was  constructed  in  September,  1891,  and  sewage  was  first  applied 
to  it  on  Sept.  14,  1891.  It  was  discontinued  on  March  3,  1898, 
It  received  during  the  period  of  its  operation  816,970  gallons  of 
sewage,  equal  to  163,394,000  upon  an  acre.  It  was  operated  during 
these  years  at  an  average  rate  of  about  60,000  gallons  per  acre  daily, 
and  while,  owing  to  the  coarseness  of  the  filtering  material,  its 
effluent  was  never  of  the  degree  of  purity  obtained  with  some  of  the 
other  filters,  still  the  percentage  of  purification  was  high,  and  the 
filter  took  the  applied  sewage  without  difficulty,  and  when  the  ex- 
periment was  ended,  the  filtering  material  was  in  good  condition 
and  apparently  capable  of  receiving  sewage  for  an  indefinite  period 
of  time. 

Effluent  of  Filter  No.  5  A. 

[ParU  p«r  100.000  ] 


Qnan- 

Applied. 

Oalloiia 

per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

j  Tkmpkra- 
1     TtrxK. 

Length  of 
Time 

fie  wage 
Remained 

on 
Surface. 

Honri  and 
Minutes. 

Appxaravcb. 

1 
AmioiaA. 

Chlorine. 

KITBOOBB 

Aa 

Oxygen  Consumed.     1 

1 

DBO.  F. 

1 

1 

a 

• 

§1 

1 

• 

a 

B 
< 

.1740 
.1276 

• 

e 

S 

1 

1.  ii 

18M. 

1 

1 

i 

1  & 

1 

1 

i 

a 

S  1 

55 

a: 

Janaary,    . 
February,  . 

1 

83,100  I 

83.800  ! 

1 

1 
40 

47 

88 

39 

1 

88m. 

19m. 

1 

Great. 
Decided. 

1 

.43! 

.82  ' 

1.5714 

1 

>i.noo 

7.88 
6.64 

0.66 
1.88 

.1161  ! 

.2846  I 

1.00  21,000 

0.76:  24,900 

1        ' 

Sewage  applied,  600  gallons  six  Umea  a  week  from  January  1  to  March  2.  Dnilnc  Jaanafy,  16 
Inohea  of  snow  and  2|  inches  of  ice  removed  fh>m  anrfooe;  during  February,  89  Inchee  of  aiow  and  2 
inches  of  ice  removed. 
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FiUer  No.  5  B. 

This  filter  is  ^^  of  an  acre  in  area  and  contains  60  inches  in  depth 
of  a  mixture  of  cinders  and  ashes  from  the  combustion  of  soft  coal. 
It  was  first  put  in  operation.on  March  5,  1898,  and  has  been  operated 
during  the  yeai'  at  an  average  rate  of  73,000  gallons  per  acre  daily. 
The  surface  has  been  raked  1  inch  deep  each  week.  The  following 
table  gives  the  averages  of  the  analyses  of  the  effluent  of  this  filter :  — 


Effluent  of  FiUer  No.  6  B. 

[ParU  per  100,000.] 


Quan- 
tity 
Applied. 

per  Acre 

Daily 

ibrflTz 

Djyslna 
Week. 

Tbmpbba- 

TUBB. 

Dbo.  F. 

Length  of 

Tirae 

Sewage 

Remained 

on 
SBTface. 

Hoars  and 
Mlnntee. 

Ammobia. 

■ 

6.96 

UlTBOOBB 
▲0 

1 

o 

1 

Cable 

1 

o 

1 

• 

1 

• 

1 

< 

8 

1 

» 

Bacteria  per  < 
Centimeter. 

199S. 

1 

1 

Mareh, 

100,000 

48 

48 

4m. 

V.  alight. 

.16 

1.418S 

.0400 

0.24 

.0888 

.27 

67,000 

April,. 

100,000 

46 

44 

10m. 

Decided. 

.26 

0.0607 

.0687 

4.18 

1.17 

.0140 

.37 

86,000 

May,  .       . 

78,M0 

64 

61 

2m. 

None. 

.10 

0.1071 

.0160 

6.04 

2.31 

.0074 

.16 

0,000 

Jane, . 

00,000 

86 

08 

8m. 

None. 

.08 

0.0086 

.0100 

8.06 

2.63 

.0007 

.09 

886 

Joly*  . 

00,000 

71 

71 

4m. 

None. 

.08 

0.0090 

.0161 

7.06 

2.11 

.0002 

.16 

700 

Aognat, 

00,000 

72 

78 

7m. 

None. 

.00 

0.0460 

.0126 

9.04 

1.80 

.0019 

.00 

870 

September, 

00,000 

08 

72 

4m. 

Slight. 

.20 

0.8628 

.0888 

7.09 

1.68 

.0028 

.23 

20,070 

October,     . 

43,800 

66 

06 

16m. 

Decided. 

.26 

0.8000 

.0790 

7.02 

2.09 

.0008 

.43 

68,800 

NoTember,. 

67,700 

47 

63 

18m. 

V.allght. 

.18 

0.6162 

.0408 

7.76 

2.44 

.0028 

.29 

20,260 

December, . 

80.700 

44 

66 

42 
66 

64m. 

Slight. 

.28 
.20 

1.6200 

.0060 
.0601 

7.18 
7.11 

1.67 

i.n 

.0100 

.62 

.87 

60,700 

Ayerage, 

73,800 

- 

- 

0.6771 

.0808 

26,100 

Sewage  applied,  600  gallona  aiz  tlmee  a  week  from  March  6  to  May  16;  800  gallona  alz  tlmee  a  week 
from  May  16  to  December  11 ;  600  gallona  etz  tlmee  a  week  from  December  12  to  81.  During  March, 
4  inehee  of  enow  remoyed  from  surface;  during  April,  3  Inches  of  snow  remoyed;  during  Noyember, 
14  lochea  of  enow  remoyed ;  during  December,  6}  inches  of  snow  and  1\  Inches  of  Ice  remoyed. 


482 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


Filter  No.  6. 

This  filter  is  -^-^  of  an  acre  in  area  and  contains  44  inches  in  depth 
of  mixed  coarse  and  fine  sand  of  an  efiectiye  size  of  0.35  millimeter. 
The  average  rate  of  filtration  for  the  year  has  been  65,600  gallons 
per  acre  daily.  The  surface  of  the  filter  has  been  raked  to  the  depth 
of  1  inch  each  week  and  spaded  to  the  depth  of  6  inches  on  April  18 
and  October  1 .  The  following  table  gives  the  averages  of  the  analyses 
of  the  effluent  of  this  filter :  — 


Effluent  of  FOler  No.  6. 

[Parte  per  100,000.] 


Qoan- 

AppSed. 

Gallons 

per  Aete 

Dan/ 

IbrHlx 

Daareina 

Week. 

TCMPKBA- 

TUBB. 

Lencthof 

Trme 

Sewage 

Bemalned 

on 
Borteoe. 

Hoars  and 
Minotee. 

APPB^BAirOB. 

AmroviA. 

■ 

1 
4.80 

Nmoen 

AS 

1 

i 

Dbo.  F. 

1 

1 

1 

• 

1 

1 

i 

18M. 

i 

«1 

Jumary,   . 

70,800 

44 

88 

12h. 

DMided. 

.83 

.4876 

.0786 

0.04 

.0486 

.66 

7,106 

Vebmary,  . 

70,700 

48 

88 

2h.64m. 

SUgbt. 

.20 

.8820 

.0078 

4.06 

1.28 

.0880 

.64 

8^ 

Maroh,      . 

80,000 

44 

42 

44m. 

SUght. 

.27 

.2800 

.0600 

4.86 

1.78 

.0436 

.47 

8,808 

AprU,        . 

70,800 

46 

44 

81lB. 

V.sUght. 

.22 

.0401 

.0804 

8.88 

2.80 

.0088 

.88 

8,700 

liV,  .       . 

00,800 

67 

68 

601. 

None. 

.17 

.0088 

8.06 

4.18 

.0000 

.80 

2.180 

JUM,  . 

80,000 

87 

64 

6lB. 

V.eHfht. 

.16 

.0008 

.0878 

8.86 

4.40 

.0000 

.28 

8,M8 

July. .     . 

66,400 

74 

71 

6lB* 

None. 

.18 

.0868 

.0288 

10.87 

8.80 

.0001 

.80 

688 

Angoati 

60,000 

76 

74 

lOm. 

NOM. 

.16 

.0086 

.0200 

14.80 

8.84 

.0000 

.24 

286 

Baptember, 

80,000 

70 

72 

12m. 

None. 

.11 

.0088 

.0188 

8.86 

8.08 

.0000 

.22 

484 

Ootober,    . 

48»800 

66 

66 

2Sm. 

None. 

.11 

.0128 

.0108 

7.80 

8.07 

.0006 

.20 

410 

Novembcri  • 

67,700 

47 

61 

12m. 

None. 

.16 

.4800 

.0880 

6.86 

2.07 

.0001 

.24 

OS 

Deeeiiiber«. 

88,000 

48 

40 

Sh. 

V.aHght. 

.80 

.8800 

.0600 

6.80 
7.06 

1.78 
2.78 

.0006 

.48 

SJ44 

Aveiafe, 

86»000 

66 

64 

- 

.20 

.2218 

.0406 

.0168 

.36 

8,4n 

Sewage  applied,  400  gallons  alz  tlmea  a  week  from  Jannary  1  to  May  16;  880  galloon  elz  tlnsee  a 
week  from  May  16  to  Deeember  11;  600  gallona  6  timee  a  week  from  Deeember  12  to  81.  ]>arfBg  Jan* 
vary,  18|  Inehea  of  anew  and  If  inehea  of  toe  removed ;  during  February  64  inehee  of  aaow  and  4  laehee 
of  lee  removed ;  during  Maroh,  4  Inehea  of  snow  removed ;  during  April,  8  inehee  of  enow  remored ; 
during  November,  27  Inehea  of  enow  removed;  during  Deeember,  8  laebee  of  anew  and  6|  Inehea  of  ke 
removed. 
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Filter  No.  9  A. 

This  filter  is  ^^  of  ao  acre  in  area  and  contains  5  feet  in  depth  of 
sand  of  an  effective  size  of  0.17  millimeter.  The  average  rate  of 
filtration  maintained  during  the  year  has  been  74,200  gallons  per 
acre  daily.  The  sarfiftce  of  the  filter  has  been  raked  1  inch  deep 
each  week  and  spaded  to  a  depth  of  6  inches  on  April  18  and  October 
1.  The  following  table  gives  the  averages  of  the  analyses  of  the 
effluent  of  this  filter :  — 


Effluent  of  Filter  No.  9  A. 

[Parts  pw  100.000.] 


189S. 


QlMli> 

Applied. 

Gallons 

p«r  Aen 

DallT 

fbrSlz 

I]^7sliia 

Wea. 


Janiiarj,   . 
Fbbnuryt  • 
ICmtcIi, 
Aprilf 
Mty.  .       . 
Jaoe  . 
July,  . 
AiigQal» 
BepiMobtr, 
Oeiobar,    . 
Koramber, 


107,700 
67,500 

100,000 
88,800 
78,800 
80.000 
87,700 
80,000 
80,000 
48,800 
80,000 
86.780 


74,980 


TnipMA- 

TUBS. 
DBO.  F. 


I 


46 
48 

47 
48 
88 
86 

78 
74 
60 
88 
46 
46 


68 


i 
S 


41 
46 
61 
62 
70 
71 
71 
68 
88 
41 


64 


Length  of 

Tune 

Sawafs 

BMBalnad 

on 
Sorfaoa. 

Bonn  and 
Mlantst. 


Sh.  16di. 
Ih.  81m. 

41in. 

82in. 

11m. 

10m. 

11m. 

88m. 

S6m. 
Ih.  6m. 

67m. 
8h.  14m. 


ArPBASAVOB. 


s 

a 


Daekled. 

Slight. 

Daddad. 

V.alSgbt. 

V.allght. 

V.illght. 

V.attght. 

V.  alight. 

V.iIIght. 

V.alight. 

V.allght. 

Daeldad. 


s 


.44 
.84 

.88 
.26 
.18 
.14 
.12 
.12 
.11 
.10 
.12 
.61 


AXMOiriA. 


I 


I 

< 


0. 

0.44601 

0.4471 

0.1901 

0.0186 

0.0067 

0.0866 

0.0086 

0.0022 

0.9000 

0.2780 

1.4100 


.0680 
.0776 


0.8248 


.0478 
.0961 
.0274 
.0268 
.0180 
.0168 
.0620 


.0860 
.0468 


4.81 
4.40 
6.17 
4.04 
6.70 
6.48 
8.84 
8.61 
6.26 
6.02 
6.64 
6.70 


6.1 


1 


KTraooBV 

Aa 


1 


^ 


0.84 
1.60 
1.86 
2.22 
8.21 
4.00 
8.61 
2.28 
2.00 
1.82 
2.67 
0.08 


2.26 


.0028 
.0016 
.0018 
0000 
.0000 
.0000 
.0000 


.0000 
.0002 

.0001 


.0007 


I 

o 


.62 
.66 
.66 

.80 
.27 
.24 
.26 


.87 


I 


ii 


7,000 
10,400 
0,200 
7.600- 
2,768 
1,188 


600 


90,000 


6,600 


Bawaga  applied,  600  gallons  six  tlmaa  a  waak  from  January  1  to  May  16;  880galkmaalz  timaaawaak 
from  May  16  to  Daeamber  11;  600  gaUona  six  times  a  weak  from  Daeambar  12  to  81.  Dnring  Jaanaij, 
I'i  Inabaa  of  anow  and  41  toahaa  of  ioa  ramorad  from  anrfooa ;  daring  Fabmary,  46  inabaa  of  anow  and 
21  iaohas  of  ioa  ramorad;  dnring March,  41  inohas  of  snow  lamoved;  daring  April,  8  indies  of  snow 
ramoYod;  daring  KoTsmbar,  18  Inchea  of  snow  ramo?ad ;  daring  Daoambar,  6  inches  of  snow  and  |  tnab 
of  ioa  ramorad. 
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Filter  JSTo.  10. 

This  filter  is  -^^-^  of  an  acre  in  area  and  contains  5  feet  in  depth  of 
mixed  coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter. 
No  underdndns  are'  beneath  the  sand,  except  directly  above  and 
around  the  outlet  pipe.  A  partition  extending  3  feet  below  the 
surface  separates  the  quarter  of  the  surfiftce  farthest  from  the  under* 
drains  from  the  remainder  of  the  surface.  To  this  quarter  of  the 
surfiEu^e  the  sewage  has  been  applied  during  1898  at  a  rate  of  114,400 
gallons  per  acre  daily.  The  portion  of  the  surface  to  which  sewage 
is  applied  has  been  raked  over  1  inch  deep  each  week.  The  entire 
8ur£a.ce  was  spaded  to  a  depth  of  6  inches  on  March  26  and  Octo- 
ber 1 :  — 

Effluent  of  Filler  No.  10. 

[Pftrte  per  100,000.] 


Qoaa- 

Appl^ 

Oallont 

per  Acre 

Daily 

forStz 

Dayelna 

Week. 

TlMPBIA-  , 

TURB. 

Dbo.  F.    > 

1 

Length  of 

Time 

Sewage 

Bematned 

on 
Sartace. 

Hours  and 
MtDUtee. 

Appbabamos. 

1 

4.53 

NlTBOOBV 

• 

1 

o 

1 

S 

1 

• 

hi 

■ 

a 
Jg 

< 

• 

1 

• 

i 

9i 

-^  • 

1888. 

1 

i 

P 

Janiwry,    . 

80,000  . 

41 

80 

8h.86m. 

Decided. 

.48 

1.1860 

.1180 

1.00 

.0250 

.67 

6,800 

February, . 

20,800 

48 

88 

10h.60m. 

Slight. 

.26 

0.6820 

.0740 

8.28 

1.24 

.0288 

.48 

26,900 

March, 

27,800 

44 

40 

86m. 

V.allght. 

.17 

0.2780 

.0463 

4.00 

2.00 

.0060 

.81 

6,600 

April, 

80,000 

40 

«1 

16m. 

None. 

.16 

0.0166 

.0812 

8.68 

2.48 

.0000 

.26 

1,240 

May.  .       . 

80,000 

67 

61 

4m. 

None. 

.16 

0.0104 

.0220 

6.09 

8.06 

.0000 

.24 

190 

Jane, . 

80,000 

07 

04 

4m. 

None. 

.18 

0.0280 

.0888 

1.86 

4.47 

.0002 

.27 

790 

July,  . 

28,800 

74 

70 

8m. 

None. 

.14 

0.0793 

.0816 

10.98 

8.91 

.0001 

.83 

376 

August,     . 

30,000 

75 

72 

6m. 

None. 

.16 

0.0114 

.0220 

14.61 

2.72 

.0000 

.26 

126 

September, 

80,000 

70 

72 

9m. 

None. 

.11 

0.0086 

.0106 

9.01 

8.02 

.0000 

.20 

108 

October,    . 

21,000 

M 

64 

9m. 

None. 

.11 

0.1664 

.0248 

7.60 

8.61 

.0012 

.22 

24 

NoTember, . 

80,000 

46 

52 

6m. 

None. 

.12 

0.1066 

.0257 

6.80 

8.06 

.0000 

.21 

119 

December, . 

28,900 

44 

65 

48 
64 

4h. 

Slight. 

.80 

0.7460 

.0700 
.0428 

6.79' 

! 

6.94, 

1 

1.60 
2.68 

.0062 

.58 

9.960 

Average,. 

28.000 

1 

1 

1 

- 

.10 

0.2702 

.0066 

.as 

Afi» 

Sewage  applied,  150  gallons  six  times  a  week.  During  January,  20|  inches  of  snow  and  6}  Inches 
of  ioe  removed  from  that  part  of  surface  to  which  sewage  was  applied ;  during  February,  48  Inches  of 
•now  and  2  Inchee  of  Ice  removed ;  during  March,  8  inchee  of  enow  removed ;  during  April,  8  tnehes  of 
snow  removed ;  during  November,  17  inchee  of  snow  removed,  during  Deeember,  4|  inches  of  aaow  and 
2j  inchee  of  ioe  removed. 
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FILTRATION  OF  WATER, 


During  1898  the  usual  determiDa^ions  of  the  efficiency  of  the 
experimental  sand  filters  in  operation  at  the  station,  and  also  of  the 
Lawrence  city  filter  have  been  made.  Besides  the  determination 
of  the  total  number  of  bacteria  of  all  kinds  present  in  the  river 
water  and  in  the  filtered  water  from  the  various  experimental  filters 
and  from  the  Lawrence  city  filter,  many  tests  have  been  made  to 
determine  the  presence  or  absence  of  B.  colt  communis^  the  charac- 
teristic bacteria  of  sewage.  The  reason  for  undertaking  this  work 
was  to  ascertain  if  sand  filters  remove  the  same  percentage  of  B. 
colt  that  they  do  of  the  total  number  of  bacteria  present  in  badly 
polluted  water.  It  was  believed  that  by  a  continuation  of  this 
work  for  sufficient  time,  the  significance  of  the  appearance  of  this 
germ  in  filtered  water  could  be  determined,  because  of  the  oppor- 
tunity presented  of  studying  tiie  results  obtained  in  regard  to  its 
presence  in  the  samples  of  the  filtered  city  water  taken  from  various 
points  upon  the  system,  together  with  the  occurrence  or  non-occur- 
rence of  typhoid  fever  in  the  city.  The  bacterial  results  obtained 
from  the  city  filter  could  also  be  directly  compared  with  the  results 
obtained  from  the  experimental  filters  at  the  station,  receiving  the 
same  polluted  river  water. 

Different  rates  of  filtration  have  also  been  tried  with  these  ex- 
perimental filters,  in  order  to  determine  the  highest  rate  that  can 
be  followed  with  natural  sand  filters  and  eliminate  this  germ  from 
the  water.  The  effect  of  different  seasons  —  that  is,  of  warm  and 
cold  weather — upon  the  efficiency  of  the  filters  in  this  respect  has 
also  been  studied.  It  has  usually  been  assumed  that  the  absence 
of  B.  colt  from  filtered  water  is  proof  of  the  absence  of  the  t}rphoid 
germ,  and  that  its  presence  in  a  filtered  water  is  suspicious,  as 
typhoid  may  possibly  at  times  accompany  it,  because  the  place  of 
origin  of  the  two  germs  is  the  same,  namely,  the  human  intestine. 
The  typhoid  germ   is  never  found  unaccompanied  by  the  colon 


486  STATE  BOARD   OF  HEALTH.         [Pub,  Doc. 

bacillus,  although  the  reverse  is,  of  course,  &r  from  true.  We 
assume  that  for  every  typhoid  bacillus  in  a  polluted  water  there 
must  be  many  thousands  of  the  B,  coli^  since  the  latter  are  found  in 
the  dejecta  from  all  human  beings  and  some  animals,  while  the 
typhoid  bacillus  comes  only  from  persons  who  are  ill  with  that  par- 
ticular disease.  The  length  of  life  of  the  two  germs  is  believed  to 
be  quite  similar,  experiments  at  the  station,  made  several  years  ago, 
showing  that  the  typhoid  germ  would  live  in  unsterilized  water  in 
diminishing  numbers  for  periods  of  even  twenty  days,  and  other 
experiments  showing  a  corresponding  length  of  life  of  B.  colt  under 
like  conditions. 

During  the  past  year  additional  experiments  have  been  made, 
and  apparently  somewhat  shorter  lengths  of  life,  especially  of  the 
typhoid  germ,  have  been  shown  than  in  the  previous  investigations. 
These  experiments,  however,  differed  from  the  former  ones  in  that 
sewage-polluted  water  was  used  in  these  latter  experiments  with  the 
bacilli  present  in  their  natural  state,  instead  of  unsterilized  river 
water  with  a  laboratory  culture  of  the  germ  added. 

Lawrence  City  Filter. 

Determinations  made  throughout  the  year  1898  of  the  number 
of  B.  coli  present  in  samples  of  Merrimack  Biver  water,  collected 
from  the  river  at  the  inlet  of  the  Lawrence  city  filter,  showed  that 
it  varied  from  an  average  of  20  per  cubic  centimeter  in  May  and 
June  to  92  per  cubic  centimeter  in  August  and  September ;  the 
average  for  the  entire  year  being  47  per  cubic  centimeter.  Up  to 
Oct.  1,  1898,  of  117  samples  of  the  filtered  water  collected  at  the 
city  filter  and  examined  for  this  germ,  9  samples,  or  8  per  cent., 
showed  its  presence  in  a  single  colony.  Five  of  these  samples  in 
which  it  was  found  were,  however,  taken  at  times  of  scraping  the 
filter,  or  other  disturbances  of  the  sand.  Of  119  samples,  collected 
during  the  same  period  from  the  tap  at  the  city  hall  after  the  filtered 
water  had  passed  through  the  reservoir  and  about  one  mile  of  pipe, 
4  showed  the  presence  of  B.  coli. 

The  bacterial  efficiency  of  the  filter,  calculated  upon  the  total  num- 
ber of  bacteria  removed  from  January  1  to  October  30,  was  99.24 
per  cent.  This,  taken  into  consideration  together  with  the  JS.  ooii 
results  and  the  small  number  of  cases  of  tjrphoid  fever  in  the  city 
during  the  year  and  the  low  death  rate  from  typhoid,  as  shown  in  a 
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table  beyond,  —  a  rate  much  lower  than  the  average  for  the  State 
and  the  lowest  in  Lawrence  for  many  years,  —  indicates  that  the 
occasional  appearance  of  J3.  coU  in  filtered  water  is  probably  not  of 
great  significance.  In  fact,  the  complete  results  obtained  from  the 
filter  —  that  is,  both  bacterial  and  hygienic  —  indicate  that,  if  a 
polluted  water  shows,  after  filtration,  its  presence  only  occasionally 
and  generally  only  a  single  colony  on  a  plate,  and  negative  results 
in  this  respect  generally,  the  water  is  efficiently  purified.  It  seems 
reasonable  to  assume  this  because  of,  first,  the  much  greater  number 
of  J3.  colt  in  any  polluted  water  than  of  typhoid  germs ;  second,  the 
somewhat  greater  virility  and  longevity  of  B.  coli  germs  when  in  a 
media  unfavorable  for  their  growth  —  that  is,  water  or  sand  —  than 
of  typhoid  germs  under  the  same  conditions ;  third,  experimental 
data  obtained  at  the  Lawrence  Experiment  Station  and  elsewhere 
going  to  prove  that  a  sand  filter  removes  a  much  larger  percentage 
of  typhoid  germs  from  water  than  of  B.  coli.  The  rate  of  operation 
of  the  city  filter  is  about  1,500,000  gallons  per  acre  daily. 

Owing  to  a  clogging  by  iron  rust,  and  a  growth  of  Crenothrix, 
of  the  gravel  forming  or  surrounding  the  underdrains  of  the  filter 
during  the  five  years  of  its  operation,  it  became  necessary  during 
1898  to  remove  this  clogging  material.  This  was  done  during 
October,  November  and  December,  and  caused  many  sections  of 
sand  to  be  dug  out  and  the  sand  replaced  over  the  renewed  under- 
drains. The  filter  being  all  in  one  area  of  2.5  acres,  these  sections 
had  to  be  flooded  and  the  water  filtered  through  them  used  immedi- 
ately in  connection  with  that  coming  from  the  remainder  of  the 
filter  which  remained  undisturbed  and  in  good  working  order. 
Owing  to  this,  the  number  of  bacteria  in  the  filtered  water  increased 
somewhat  for  a  few  days  following  each  of  the  first  two  disturb- 
ances. With  this  increase  in  numbers,  B.  coli  appeared  for  a  day  or 
two  only,  after  the  first  two  disturbances.  When  filling  in  over  the 
underdrains  at  the  time  of  the  last  disturbance  on  December  9,  the 
sudden  advent  of  winter  weather  caused  some  of  the  sand  thrown  out 
to  freeze,  and,  although  this  was  said  to  be  carefully  broken  up  and 
reduced  to  small  particles  before  being  replaced,  it  probably  left  this 
section  of  the  filter  more  open  than  the  remainder  of  the  filter,  and 
probably  allowed  the  water  to  flow  through  this  section  too  rapidly 
for  good  filtration,  for  the  number  of  bacteria  in  the  effluent  was  high 
for  twenty  days  or  more  after  this  back-filling,  and  JS.  coli  appeared 
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in  the  filtered  water  for  a  still  longer  period.  The  previous  work 
upon  the  filter  on  October  19  and  20  and  November  15  to  19  inclu- 
sive had  apparently  little,  if  any,  detrimental  effect  upon  the  health 
of  the  city,  but  from  the  20th  of  December  to  the  end  of  the  year 
an  unusual  number  of  cases  of  typhoid  fever  occurred. 

During  the  time  of  these  disturbances  of  the  filter  —  that  is, 
from  October  1  to  December  31  —  B.  coli  communis  was  found  in 
23  samples  out  of  the  53  samples  examined ;  that  is,  more  than  40 
per  cent,  of  the  samples  collected  during  these  three  months  con- 
tained B.  colli  as  compared  with  8  per  cent,  during  the  first  nine 
months  of  the  year.  The  bacterial  efficiency  of  the  filter  from 
October  19  to  December  31  inclusive  was  97  per  cent.  The  results 
of  the  bacterial  examinations  of  samples  of  the  river  water  and  filtered 
water  collected  at  different  points  upon  the  system  up  to  May  1, 1898, 
have  been  given  in  previous  reports.  The  following  tables  give 
the  bacterial  results  from  May  1  up  to  Jan.  1,  1899,  and  tables 
beyond  give  the  results  of  chemical  analyses  of  the  river  water 
and  filtered  water :  — 

Average  Number  of  Bacteria  per  Cubic  Centimeter  in  Biver  and  Filtered  Water, 


n. 

ttt 
July   a. 


Aug.    6, 

8tpi.  9« 
10, 
IT, 

M. 
Del.     1, 

S. 
1ft. 


Wemk  BVDnra— 


Awngt, 


MerrtDiaA 

Rlrer 

Water. 


1,900 
2,000 
1.000 
8.700 

17.000 
8,900 
S,000 
8.M0 
1,400 
4.700 
3,000 
1,800 
8»000 
8,000 
4,800 
8,800 

14,000 
0.400 
7,800 
7.100 
8,000 
7,800 
8,900 
8,400 
5,000 
7,100 


MM 


FiLTBRBD  WaTBB  VBOM 


Fnter. 


86 

76 
88 
66 

0 
46 
118 
80 
10 
87 
11 
18 
88 

4 
70 
11 

70 

189 

8 

10 
87 
81 
86 


89 


SeMiTofr 
Oottot. 


Tapat 
Ot^^bOl. 


17 
17 
88 
47 
68 
14 
88 
81 
88 
67 
76 
84 
106 
66 


66 

81 
48 
48 
41 
86 
88 
81 


44 


11 
10 


87 
10 
48 

01 
16 
86 
87 
08 
46 
48 
81 


88 

46 
88 

40 
49 
40 
88 
47 


40 


Tip  at 


U 
14 
86 

81 
8S 
84 
40 


87 

88 
17 
U 


17 

88 
87 
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Number  of  Bacteria  and  B.  Coli  Oommuntt  in  Biver  and  Filtered  Water — 

November,  1898. 


IbRSIMAOX 
JtlVBB. 

CITTFILTBI. 

EUBBTODL 

CittHall. 

Taf  at  Bxpsmi- 
MBXT  Statiok. 

IMS. 

o 

2 

• 

0 

■ 

I 

m 

n 

i 
z 

i 

• 

g 

n 

■ 

• 

n 

1 

• 

1 

• 

n 

KoTWBb«rl,  • 

1,700 

88 

17 

0 

74 

0 

88 

0 

70 

0 

2,  .       .       . 

8,100 

4 

28 

0 

78 

0 

80 

0 

2fi2 

0 

a,  .      .      . 

2,800 

- 

1ft 

1 

- 

- 

98 

0 

488 

1 

4,  .       .       . 

700 

84 

18 

0 

218 

0 

804 

0 

191 

0 

ft,  .       .       . 
6,  .       .       . 
T,  .       .       . 

ft.80O 

12 

10 

0 

281 

0 

189 

0 

98 

1 

8,400 

SO 

8 

0 

208 

0 

179 

1 

87 

0 

8,  .       .       . 

2,800 

ft 

2 

0 

88 

0 

188 

0 

82 

0 

9,  .       .       . 

2,400 

74 

7 

0 

146 

0 

89 

0 

40 

0 

10,  .       .       . 

4,800 

48 

8 

0 

127 

0 

n 

0 

- 

- 

11.  .       .       . 

10.700 

24 

24 

0 

120 

0 

- 

- 

49 

0 

12,  .        .        . 

- 

- 

2ft 

0 

97 

0 

108 

0 

28 

0 

18,  .       .       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,  .       .        . 

8,800 

8 

87 

0 

92 

0 

88 

0 

80 

0 

1ft,  ..       • 

8,400 

9 

- 

- 

97 

0 

188 

0 

.     47 

0 

18,  .        .       . 

200 

0 

- 

- 

112 

0 

7ft 

0 

78 

0 

17,  .        .        . 

8,400 

10 

- 

- 

87 

0 

22 

0 

- 

- 

18,  .        .       . 

4,700 

4 

808* 

0 

111 

0 

840 

0 

88 

0 

»,  .        .       . 

8,400 

11 

880f 

1 

141 

0 

118 

0 

88 

0 

»,  .        .       . 

- 

- 

4881 

1 

274 

0 

- 

- 

- 

- 

21,  .        .        . 

8,100 

88 

888 

1 

2B0 

0 

281 

1 

101 

0 

22,  .        .       - 

8,800 

28 

128 

0 

141 

1 

119 

1 

98 

1 

28,  .        .        . 

8,200 

8 

211 

0 

272 

1 

192 

0 

118 

1 

24,  .        .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2ft,  ..        . 

8,400 

18 

124 

0 

228 

0 

201 

0 

74 

0 

28,  .       .        . 

4,800 

80 

107 

1 

220 

1 

148 

0 

97 

0 

27,  .        .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,  .        .        . 

- 

- 

- 

- 

- 

- 

- 

- 

189 

0 

20,  .        .        . 

2,800 

88 

119 

1 

112 

0 

114 

1 

72 

0 

80,  • 

1.400 

80 

40 

0 

lift 

0 

88 

0 

88 

0 

ATtng*,  . 

4,810 

- 

122 

- 

Iftft 

^ 
* 

188 

- 

104 

- 

*  Avenge  of  2  Miaplw.      t  AT«r»ge  of  9  mmplM,  B.  eoU  In  only  ono.      %  Avongo  of  2  Mmplet. 

KoTtrabor  18,  water  ihiit  off  filter  at  8  p  Ji .   Novombor  18-19,  filter  drained ;  all  beds  aeraped ;  beda 
14, 1ft,  18, 19  dug  OQi;  nnderdralna  rabnUt,  refilled  te  grade  with  mlztare  of  old  and  waabed  tend. 
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If  umber  of  Baeterta  €md  B.  Ooli  CommunU  in  River  and  FiUered  Water,  Dteember, 

1898. 


Mbbumaox 

BlYSS. 

CmrFiLnB. 

BUBXVOIB. 

CxttBau. 

Tap  at  Kzpkii- 
UMMt  Statiov. 

IMS. 

1 

• 

1 

n 

n 

• 

• 

0a 

1 

■ 

1 

1 

A 

Deoember  1,  . 

8,800 

12 

65 

1 

96 

0 

00 

0 

284 

%  .       . 

18.800 

16 

74 

0 

84 

1 

77 

0 

85 

8,  .       . 

4.  . 

6,  . 

8,000 

6 

116 

0 

102 

0 

52 

0 

54 

11,100 

18 

08 

0 

72 

0 

96 

0 

70 

«.  . 

8,000 

0 

68* 

1* 

68 

0 

51 

0 

84 

T,  . 

8.800 

18 

- 

- 

67 

0 

87 

0 

81 

8.  .       . 

8,200 

18 

- 

• 

57 

0 

27 

0 

48 

.      9,  .       < 

8,200 

12 

- 

- 

68 

0 

44 

0 

82 

10,  .       , 

4,700 

5 

486t 

64 

0 

- 

•> 

87 

11.  .       . 

- 

- 

4551 

lU 

0 

- 

- 

• 

12,  .       . 

2.000 

16 

478 

175 

1 

182 

1 

HI 

18,  .       . 

2.800 

28 

610 

817 

0 

800 

1 

174 

14,  .       . 

1,700 

16 

607 

821 

0 

268 

0 

250 

18,  .       . 

8,800 

45 

632 

262 

1 

866 

1 

282 

1«,  . 

1,700 

66 

ZTt 

426 

1 

476 

1 

264 

",  . 

- 

- 

217 

248 

0 

888 

0 

829 

18,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

w,  . 

8,800 

10 

284 

487 

1 

865 

1 

888 

20,  .       , 

4,000 

18 

191 

882 

1 

858 

1 

207 

21,  . 

2.100 

146 

198 

872 

1 

208 

1 

215 

22.  . 

6.800 

17 

- 

827 

1 

844 

1 

350 

28.  .       . 

7.M0 

10 

226 

282 

1 

260 

1 

252 

24.  .       . 

8,100 

6 

878 

496 

1 

488 

1 

125 

25,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

20.  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

27.  .       . 

1.200 

88 

800 

874 

1 

- 

- 

257 

28,  .       , 

7.800 

82 

100 

577 

0 

886 

0 

181 

20,  .       , 

8,200 

6 

150 

260 

0 

256 

0 

195 

80,  .       , 

5.800 

7 

181 

- 

- 

-284 

1 

102 

81,  •       . 

8,800 

18 

217 

400 

0 

262 

1 

192 

AvanfM. 

8,900 

- 

280 

- 

210 

- 

280 

- 

168 

- 

*  Wfttor  ttaiidlBg  In  foreo  main.  t  AT«r»g«  of  9  wtnplt. 

X  Artnift  of  2  Hunplet,  B*  eoH  In  both. 

Dooomber  5,  water  abut  off  lIHor  at  1.40  PJf .  Doeambar  O^-O.  flitar  dralnad,  aempad 
28  dug  oat;  ttndaidrataa  rabnilt,  and  bada  raflUad  with  a  mixtara  of  old  and  waahad  m 
8-9,  vary  aold. 
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Merrimaek  Bioer  Water  at  it  flows  upon  the  Lawrenee  Oily  Filler. 

[PkrU  par  100,000.] 


Tenp«r»- 
tnie. 

I>«f.F. 

^ 

AmoHii 

L. 

^ 

NtTBOOB*  AB 

1^ 

1 

AIACMIXOID. 

1 

1 

a 

1 
1 

!•••• 

• 

1 

1 

Jvaomrj, 

82 

.41 
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.0177 
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.11 

.020 

.0000 
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U 

.87 
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.017 
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i.a 
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80 

.41 
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.0140 
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April,    .       . 

47 
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.0168 
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.018 
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lUy,     .       . 

M 

.41 
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.0184 
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.010 
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Jiui«»     . 

M 

.40 
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.0102 

.0168 

.16 

.010 

.0000 

.40 

Jalf ,     .       .       . 

76 

.48 

.0114 

.0280 

.0176 

.26 

.012 

.0006 

.41 

AogiMt, 

80 

.41 

.0140 

.0274 

.0170 

.26 

.010 

.0004 

.88 

B«i»tomb«r,  • 

68 

.42 

.0066 

.0226 

.0188 

.27 

.016 

.0006 

.86 

Oelebw, 

66 

.64 

.0078 

.0281 

.0200 

.26 

.012 

.0001 

.66 

NoT«inber»    . 

42 

.67 

.0086 

.0228 

.0186 

.23 

.010 

.0000 

.61 

I>«Minb«rt    • 

88 

.44 

.0066 

.0166 

.0144 

.17 

.016 

.0001 

.42 

62 

.46 

.0066 

.0108 

.0166 

.21 

.018 
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.44 

Effluent  frwii  the  City  Filter, 

[PBrti  per  100,000.] 


Tempera- 
tare. 

Deg.  F. 

1 

AKMoaii 

I. 

• 

1 

UlTBOOBN  Al 

Oxygen 

Contamed. 

1 

ALBUMIVOID. 

i 

• 

1 

5 

SB 

i 

1S99. 

■ 

■ 

1 
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84 
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.0086 
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.0068 

.22 

.087 
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Febraary,     . 

86 

.40 

.0148 

.0088 
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42 

.46 

.0117 

.0076 
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April,    . 

47 

.86 

.0074 

.0008 

.0081 

.10 

.082 

.0000 

.27 

May,      . 

68 

.88 

.0068 
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.0088 

.16 

.044 

.0000 

.26 

JaM,     • 

64 

.88 

.0076 
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.16 

.048 

.0000 
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JHiy.    .     . 

76 

.24 

.0068 

.0088 

.0078 

.28 

.067 
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.18 

Aiigntt, 

71 

.27 

.0184 

.0086 

.0074 

.88 

.067 
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66 

.88 

.0074 

.0102 
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.20 

.080 
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.26 

Oeiob«r, 

68 

.68 

.0070 

.0187 

.0181 

.27 

•082 
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.46 

HovwBber,    . 

44 

.66 

.0110 

.0122 

.0U4 

.28 

.004 

.0000 

.41 

DiewibT,    . 

88 

.47 

.0160 

.0100 
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.20 

.066 

.0001 

.88 

Afwnge, 

68 

.41 

.0000 

.0007 

.0001 

.28 

.046 

.0000 

.20 
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Water  from  Uke  Outlet  of  the  Distributing  Beservoir.. 

[Pwti  per  100,000.] 


Tempera- 
tare. 

Dcf .  F. 

1 

Ammovia. 

I 

i 

6 
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1 

8 

» 

1 
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i 
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. 
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1 
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M 
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45 
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M*y.      . 

55 
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.044 

.0000 
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Jon*,     . 

M 
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.16 

.048 
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.28 

July,     .       . 

75 

.14 

.0082 
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.26 

.042 

.0000 

.20 
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75 

.» 

.0088< 

.0118 

.0112 

.25 

.085 

.0000 

.28 

8«pteiiib«r,   . 

68 

.27 

.0085 

.0111 

.0104 

.28 

.085 

.0000 

.28 
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58 

.80 

.0027 

.0155 

.OIU 

.28 

.086 

.0600 

.38 
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46 

.40 

.0088 
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28 

.085 

.0000 

.44 

I>«o«mber, 

86 

.45 

.0072 

.0106 

.0100 

18 
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.88 

1.8 

Avenftt, 

58 

.87 

.0060 

.0108 
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22 
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WcUerfroma  Tap  at  the  Launrenee  City  Sail, 

[Part*  per  100,000.] 
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D^F. 
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April,        • 
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IToreniber, 
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41 
45 
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50 
58 
51 


55 


I 
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.85 
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.26 
.22 
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.24 
.84 
.45 
.46 
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i 


a 


.0057 
.0068 
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.0042 
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.0016 
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i 

a 

i 
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1.8 
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1.2 
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1.6 
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1.0 
1.6 
1.8 
1.3 
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Water  Jrom  a  Tap  at  the  Lawrenee  Experiment  Station. 

[PuUpar  100,000.] 


• 

T«mpen- 
tore. 

Deg.  F. 

1 
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.0000 

.26 

April, 

>       « 

60 

.62 

.0011 

.0060 

.18 

.080 

.0000 

.24 

lUy, . 

•       1 

62 

.20 

.0017 

.0061 

.17 

.046 

.0000 

.21 

JllXM, 

64 

.24 

.0009 

.0086 

.16 

.046 

.0000 

.20 

July.. 

»       1 

66 

.It 

.0011 

.0078 

.27 

.046 

.0000 

.18 

AOflMta 

B                    < 

60 

.16 

.0018 

.0070 

.80 

.048 

.0000 

.16 

B«pt«aiber, 

67 

.20 

.0064 

.0080 

.27 

.080 

.0000 

.19 

October,    . 

62 

.28 

.0007 

.0108 

.28 

.080 

.0000 

.28 

62 

.41 

.0004 

.0120 

.26 

.067 

.0000 

.89 

D<eemb«r, 

47 

.41 

.0026 

.0104 

.18 

.042 

.0000 

.88 

Avermi 

I*t            ' 

64 

.81 

.0028 

.0087 

.28 

.042 

.0000 

.25 

Deaths  from  Typhoid  Fever  in  Laivrence,  1887-98. 


Ybabs. 


1887, 
1888, 

1880, 
1800, 
1801, 
1802, 
1808, 
1804, 
1806, 
1806, 
1887, 
1808. 


ToUl 
Number 

of 
Deaths. 

Deaths 
per  10,000 

of 
Popnlatlon. 

Pkbaons  who  mat  havs  bbxv 

KXPOtBD  TO  iMFBCnOir  — 

^7 
drtnicliiff 

Canal  Water. 

While  living  ont 
of  Town  Just  be- 
fore CalllnK  sick 
In  Lawrence. 

47 

11.44 

1 

- 

- 

48 

11.86 

- 

- 

55 

12.66 

- 

- 

60 

13.44 

- 

- 

55 

11.94 

- 

- 

50 

10.52 

- 

- 

80 

7.96 

- 

- 

24 

4.75 

12 

4 

16 

8.07 

0 

2 

10 

1.86 

2 

4 

9 

1.62 

a. 

- 

8 

1.30 

1 

. 
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Results  from  Filtebs  Nos.  3,  7  and  8. 

From  Dec.  1,  1897,  to  Jan.  7,  1898,  these  three  filters  were 
operated  at  an  approximate  rate  of  49000,000  gallons  per  acre 
daily.  Filters  Nos.  3  and  8  each  contained  about  4  feet  in  depth 
of  sand  of  an  efTective  size  of  0.23  millimeter;  Filter  No.  3  being 
an  intermittent  filter  and  Filter  No.  8  a  continuous  filter.  Filter 
No.  7  contained  18  inches  in  depth  of  sand  of  an  effective  size  of 
0.26  millimeter,  and  is  a  continuous  filter.  Each  of  these  filters  is 
one  two-hundredths  of  an  acre  in  area,  and  covered  so  that  no  ice  is 
formed  upon  its  surface  even  in  the  coldest  weather.  Operating  at 
the  rate  given,  61  per  cent,  of  the  samples  from  filters  Nos.  3  and  7 
which  were  collected  and  examined  contained  B.  coUj  and  39  per 
cent,  of  the  samples  from  Filter  No.  8.  Deducting  the  number  of 
samples  taken  at  or  soon  after  times  of  sci'aping  or  other  disturbances 
of  the  sand  of  the  filter,  13  per  cent,  of  the  samples  from  filters  Nos. 
3  and  8  showed  the  presence  of  B,  colt  and  22  per  cent,  of  tiie  sam- 
ples from  Filter  No.  7.  During  this  period  the  bacterial  eflSiciency 
of  Filter  No.  3  was  98.00  per  cent,  and  of  Filter  No.  8  99.25  per 
cent. ;  this  percentage  being  based  upon  the  total  number  of  the  bac- 
teria present  in  the  unfiltered  water  that  was  removed  by  the  filters. 

Upon  Jan.  7, 1898,  the  rate  of  the  filters  was  reduced  to  2,500,000 
gallons  per  acre  daily,  and  this  rate  continued  until  August  8  of  the 
same  year.  During  this  period  only  9  per  cent,  of  the  samples  from 
filters  Nos.  3  and  8  contained  B.  coli  and  11  per  cent,  of  the  samples 
from  Filter  No.  7.  Deducting  the  samples  taken  soon  after  times 
of  scraping  or  other  disturbances  of  the  filter,  only  3^  per  cent, 
of  the  samples  from  Filter  No.  3  contained  B.  coli  and  6  per  cent,  of 
those  from  filters  Nos.  7  and  8.  During  this  period  the  bacterial 
efficiency  of  Filter  No.  3  was  99.50  per  cent,  and  of  Filter  No.  8, 
99.63  per  cent. 

Upon  August  8  the  rate  of  filtration  of  all  the  filters  was  again 
placed  at  4,000,000  gallons  per  acre  daily,  and  so  continued  until 
November  14.  Much  better  results,  however,  were  obtained  oper- 
ating at  this  rate  during  this  period  of  warm  weather  than  during 
the  period  of  cold  weather  from  Dec.  1, 1897,  to  Jan.  7, 1898,  when 
the  filters  were  operated  at  an  equal  rate  as  noted  above.  During 
this  period,  from  August  8  to  November  14,  only  5  per  cent,  of  the 
samples  from  Filter  No.  3,  collected  at  periods  of  normal  operation 
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of  the  filter,  contained  B.  coUj  7  per  cent,  of  the  samples  from  Filter 
No.  8,  and  10  per  cent,  of  the  samples  from  Filter  No.  7.  During 
this  third  period  the  bacterial  efficiency  of  Filter  No.  3  was  99.70 
per  cent,  and  of  Filter  No.  8,  99.68  per  cent.  Every  sample  of 
canal  water  collected  contained  B.  coliy  the  average  number  being  54 
per  cubic  centimeter. 

Summarizing  these  results  in  another  way,  showing  the  different 
action  of  intermittent  and  continuous  filters  at  different  seasons  of 
the  year,  and  also  showing  the  general  effect  of  cold  and  warm 
weather,  we  find  the  following  facts  :  — 

Filters  Nos.  3  and  8,  as  stated,  were  operated  at  approximately 
equal  rates  during  the  year,  although  the  rate  of  intermittent  Filter 
No.  3  was  always  somewhat  less  than  that  of  continuous  Filter 
No.  8.  Of  the  62  samples  of  the  effluent  of  Filter  No.  3  which 
contained  B.  coli^  45  were  collected  during  the  colder  six  months  of 
the  year  and  7  during  the  warmer  six  months.  Of  the  34  samples 
collected  from  Filter  No.  8  which  contained  B.  col%  18  were  collected 
during  the  colder  and  16  during  the  warmer  months  of  the  year. 
Studying  these  results  and  comparing  the  bacterial  efficiency  of 
the  filters  with  the  number  of  samples  of  effluent  that  contained  B. 
colly  we  must  conclude  that,  even  though  we  can  obtain  a  bacterial 
efficiency  of  99.44  per  cent,  when  filtering  water  as  polluted  as  that 
of  the  Merrimack  River  through  four  feet  of  sand  at  a  rate  of 
4,000,000  gallons  per  acre  dail}',  yet  the  rate  is  perhaps  too  great 
if  13  per  cent,  of  the  samples  collected  at  times  of  normal  opera- 
tion contain  B.  colt. 

With  Filter  No.  3,  operating  intermittently  but  at  a  rate  approxi- 
mating  4,000,000  gallons  per  acre  daily,  even  poorer  results  were 
obtained  in  the  winter,  on  account  of  the  daily  exposure  of  the  sur- 
face of  the  filter  to  the  low  temperature  of  these  months.  Better 
results  at  similar  rates  were  obtained  during  the  warmer  period  of 
the  year,  as  noted  above ;  but,  as  a  filtration  area  must  be  constructed 
to  furnish  a  safe  and  sufficient  supply  of  water  when  operating  at  its 
lowest  rate,  the  winter  results  are  the  ones  of  more  interest. 

These  results  are  summarized  in  a  following  table.  Tables  beyond 
give  the  bacterial  and  chemical  results  of  analyses  of  the  effluents 
of  these  three  filters  and  of  the  water  applied  to  them ;  this  applied 
water  being  Merrimack  River  water  drawn  from  the  Essex  Com- 
pany's canal. 
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Bummary  of  B.  CoU  Communis  BetuUs  fivm  Fillen  Nos.  3,  7  and  8. 
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The  following  tables  give  the  results  of  the  daily  bacterial  exam- 
ination of  the  water  applied  to  and  the  effluents  from  these  three 
filters,  and  tables  beyond  show  the  results  of  the  chemical  analyses 
of  applied  water  and  effluents. 

Notes  in  regard  to  the  operation  of  the  filters  are  given  with  the 
tables.  At  times  of  scraping  the  surface  of  the  filters  approxi- 
mately 1^  inch  of  sand  was  removed. 
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Number  of  Bacteria  and  B.  Coli  Com/munii  in  Applied  Water  and  Effluents  of 

Fillers  Nos.  3,  7  and  8. 


Cahal  Watbb. 

FiLTSE  No.  8. 

FILTJBR  No.  7. 

FILTBE  No.  8. 

Di.TB~lt»7. 

Bacteria. 

B.O0U. 

Baeterla. 

B.C0U. 

Baetacla. 

B.Goli. 

Bacteria. 

B.G0U. 

D«eemb«r  1,     . 

2,700 

- 

46 

- 

19 

- 

6 

. 

2.     . 

6,600 

2 

66 

0 

82 

1 

10 

0 

«•     . 

6,800 

- 

112 

- 

126 

- 

7 

at 

4.     . 

2.000 

- 

74 

0 

60 

0 

14 

0 

*.     . 

•■ 

- 

- 

- 

- 

- 

- 

- 

6,     . 

6,600 

- 

106 

- 

96 

- 

66 

- 

1.     . 

•  8.400 

- 

71 

1 

66 

1 

20 

0 

8.     . 

7.600 

- 

64 

0 

72 

0 

17 

0 

».     . 

900 

- 

02 

0 

107 

0 

41 

0 

10.     . 

4.800 

- 

66 

1 

60 

0 

81 

0 

11.     . 

6.400 

6 

46 

0 

80 

0 

16 

0 

M.     . 

- 

- 

- 

- 

- 

- 

18,     . 

7.600 

8 

100 

0 

164 

0 

11 

0 

w.    . 

6.200 

8 

72 

0 

171 

0 

28 

0 

16.     . 

^600 

12 

16 

1 

24 

0 

- 

- 

W.     . 

2.100 

4 

- 

- 

- 

- 

- 

- 

IT,     . 

6.200 

0 

- 

- 

- 

- 

•■ 

- 

18,     . 

6,600 

28 

- 

- 

- 

- 

- 

- 

1».     . 

- 

- 

- 

- 

- 

- 

- 

- 

».     . 

6.900 

11 

78 

1 

187 

1 

40 

1 

n.    . 

8.600 

6 

66 

1 

78 

1 

96 

1 

M,     . 

2.700 

4 

10 

0 

76 

1 

88 

- 

a,    . 

900 

11 

- 

- 

110 

1 

29 

1 

a*.    . 

6,200 

16 

- 

- 

87 

1 

26 

1 

26.     . 

- 

- 

- 

- 

- 

- 

- 

M,     . 

- 

- 

- 

- 

- 

- 

ST.     . 

2,800 

0 

288 

A 

166 

1 

22 

0 

S8,     . 

8,700 

« 

248 

90 

1 

20 

0 

«.  . 

7,600 

28 

888 

86 

1 

48 

0 

80,     , 

0.400 

12 

140 

88 

0 

24 

0 

81.     . 

7,600 

24 

287 

86 

0 

10 

0 

Avenft, 

4.964 

10 

107 

« 

86 

- 

29 

- 

DoeembT  16-19  inelaalT*,  Altera  oioeed,  dne  to  high  wat«r  In  river.  Deoember  6,  Alton  oloead. 
canal  draws  off.  Deconbcr  11 ,  Vlltar  Ho.  7  aoraped.  Deeember  22,  VUter  Ko.  8  aeraped.  Oecamber 
28.  Filter  Vo.  8  aeraped.  December  2.  depth  of  water  over  anrflMe  of  Filter  No.  7  iocreaaed  permanently 
from  10  to  26  inchea. 
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Number  of  Bacteria  and  B.  Coli  Communit  in  Applied  Water  and  Effluents  of 

Filters  Nos.  3,  7  and  8. 


Caval  Watbx. 

FiLTBR  KO.  8. 

FXLTBR  KO.  7. 

FILTKB  ISO.  8. 

DAn~18M. 

Bacteria. 

B.CoU. 

Bacteria. 

B.O0U. 

Bacteria. 

B.  CoU. 

Bacteria. 

1 

B.O0IL 

JaDiuuryl,  • 

9,100 

22 

167 

1 

81 

1 

98 

1  "^ 

2..       . 

- 

- 

- 

- 

- 

at 

- 

- 

«,  .       . 

6,000 

68 

170 

1     ; 

29 

1 

127 

1 

4,.       . 

12,200 

114 

181 

1 

28 

1 

140 

1 

6..       . 

10.600 

122 

106 

1 

44 

0 

99 

1 

«.  .       . 

6.600 

16 

92 

1 

67 

1 

10 

1 

T,  .       . 

2,900 

17 

40 

0 

266 

1 

82 

0 

8,.       . 

8,000 

87 

27 

1 

49 

1 

48 

0 

9..       . 

at 

- 

- 

- 

- 

- 

- 

- 

10,  .       . 

2,200 

2 

28 

0 

86 

1 

16 

0 

n, .     . 

2.600 

10 

26 

0 

19 

0 

10 

0 

12,.       . 

2.700 

72 

10 

0 

26 

1 

18 

1 

18,  .       . 

2,200 

10 

14 

0 

11 

0 

10 

0 

14,.       . 

4.600 

14 

16 

0 

19 

0 

10 

0 

16,.        . 

2,600 

4 

16 

0 

19 

0 

18 

0 

16,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

17..       . 

2,100 

16 

28 

0 

9 

0 

U 

0 

18..        . 

2,000 

8i 

18 

1 

9 

1 

10 

0 

19,  .       . 

1,200 

80 

19 

0 

86 

0 

8 

0 

20,.       . 

4,200 

47 

9 

1 

60 

0 

12 

0 

21,.       . 

1.800 

84 

6 

0 

12 

0 

28 

0 

a,.     . 

6,100 

17 

80 

0 

8 

0 

12 

1 

28.  .       . 

- 

- 

- 

- 

- 

- 

- 

24,.       . 

800 

0 

41 

0 

16 

0 

!         14 

1 

26..        . 

1,400 

68 

- 

1 

12 

1 

6 

0 

2e,.      . 

6,500 

4S 

870 

1 

27 

0 

14 

0 

27,.       . 

4.600 

18 

41 

0 

16 

0 

18 

0 

28..       . 

4,000 

66 

86 

1 

18 

0 

28 

a 

29..       . 

4.000 

26 

66 

1 

12 

1 

18 

0 

80,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

81,  .       . 

6.000 

27 

81 
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14 
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6 

0 

ATange,      . 

4,442 

86 

66 

- 

86 

- 

31 

- 

Jumary  6,  Filter  No.  7  icraped.    January  7,  ralea  of  lUten  Noe.  8, 7  and  8  redneod  lo  2K  milBoB 
gallODi  per  acre  dally.   January  tO,  Filter  No.  8  aeraped.   January  26,  Filter  No.  8  eomped. 
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Number  of  Bacteria  and  B.  Colt  Communia  in  Water  applied  to  cmd  Effluents  Jrotn 

Filters  Nbs.  3,  7  and  8. 


Camal  Watul 

FXLTXR  No.  8. 

FiLTSB  No.  7. 

FILTXK  No.  8. 

DATS- ISM. 

BactarUi. 

B.O0U. 

Bacterlft. 

B.C0IL 

BaotorlA. 

B.O0U. 

Bacteria. 

B.  Goll. 

Febraary  1. 

7,600 

27 

7 

0 

18 

0 

22 

0 

2.       . 

2,800 

65 

68 

1 

15 

1 

26 

0 

».       . 

24K)0 

64 

46 

0 

14 

0 

18 

0 

4,       . 

2,000 

88 

22 

0 

18 

0 

0 

0 

6.       . 

8,600 

16 

87 

0 

28 

0 

8 

0 

«.       . 

- 

- 

- 

- 

- 

- 

at 

- 

T.       . 

6.000 

48 

88 

0 

18 

0 

10 

0 

8.       . 

8,800 

64 

02 

0 

15 

0 

7 

0 

».       . 

5.000 

44 

85 

0 

18 

1 

0 

0 

10,       . 

7,000 

14 

28 

- 

81 

0 

40 

0 

11.       . 
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10 

88 

1 

15 

1 

55 

0 

12.    .. 

6.400 

2 

27 

0 

15 

0 

10 

0 

18, 

- 

- 

- 

-. 

- 

- 

- 

- 

14,       . 

5.400 

32 

86 

0 

15 

0 

18 

0 

15,       . 
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48 

16 

0 

22 

0 

18 

0 

18.        . 
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40 

8 

0 

26 

0 

20 

1 

17.        . 
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26 

18 

0 
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1 

15 

0 

18,       . 

8,700 

8 

- 

- 

47 

0 

10 

1 

M.        . 

8.800 

- 

14 

0 

04 

0 

20 

0 

20.       . 

- 

- 

- 

- 

- 

- 

- 

- 

21,        . 

2,800 

- 

22 

0 

60 

0 

21 

0 

22.       . 

- 
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- 

- 

28,       . 
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41 
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47 
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26 
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24,       . 
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47 
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26.        . 
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80 

27 
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48 
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10 
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26,       . 
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86 

81 

0 

26 

0 

12 
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27,       . 

- 

- 

- 

- 

- 

- 

- 

- 

28,       . 

2.700 

20 

87 

0 

28 

1 

46 

1 

Aveng*, 

6.387 

82 

80 

- 

81 

- 

20 

- 

February  10,  Filter  No.  8  lorapad.   Fabmary  26.  Filter  No.  8  aerapad. 
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Number  ofBwAeria  and  B.  CoU  OommunM  in  Water  appUed  to  and  Effluent*  from 

FiUers  Nos.  3,  7  and  8. 


Cahal  Watbb. 

FILTBE  No.  6. 

FlLTSB  Ko.  7. 

FiLTBft  Ko.  8. 

DATB-18M. 

Bacteria. 

B.COU. 

BaoterU. 

B.CoU. 

Bacteria. 

B.CoU. 

Bacteria. 

B.OoU. 

M«roh   1,    .       . 

1,800 

22 

18 

1 

CT 

0 

20 

« 

2.    .       . 

1,900 

20 

8 

0 

27 

0 

18 

0 

8,    .       . 

2,800 

18 

24 

0 

19 

0 

9 

0 

4,    .        . 

2,000 

28 

18 

0 

27 

0 

81 

0 

6.    .       . 

2,200 

7 

26 

0 

U 

0 

16 

0 

6,    .       . 

at 

- 

- 

- 

- 

- 

- 

T,    .       . 

8,700 

T 

12 

0 

8 

0 

18 

1 

0 

8,    .       . 

4,800 

6 

22 

0 

18 

0 

1     ' 

0 

9,    .       . 

8,800 

7 

18 

0 

28 

0 

17 

0 

10,    .       . 

8,100 

8 

18 

0 

28 

0 

18 

0 

11,    .        . 

2,900 

8 

7 

0 

11 

0 

10 

1 

u,   .      . 

4,400 

8 

18 

0 

8 

0 

14 

0 

13,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

U,    .       . 

8,200 

- 

- 

- 

- 

- 

- 

- 

15,    .       . 

6,800 

27 

- 

- 

- 

- 

• 

- 

18,    .       • 

2,800 

4 

- 

- 

- 

- 

- 

- 

IT,    .       . 

4,200 

6 

- 

- 

- 

• 

- 

- 

18,    .       . 

2,000 

17 

- 

- 

- 

• 

- 

19,    .       . 

8,700 

14 

. 

- 

- 

- 

- 

90,    . 

- 

- 

- 

- 

- 

m 

- 

21.    .        . 

4,700 

6 

- 

- 

- 

- 

22,    .       . 

2,700 

18 

- 

- 

- 

- 

28,    .       . 

S,600 

8 

• 

- 

- 

m 

- 

* 

24,    .       . 

8,600 

0 

- 

- 

- 

- 

- 

- 

26,    .       . 

1,100 

10 

- 

- 

- 

- 

- 

- 

28,    .       . 

1,200 

14 

- 

- 

- 

• 

- 

- 

2T,    .       . 

- 

- 

- 

- 

- 

- 

- 

28,    .       , 

2.800 

17 

- 

- 

- 

\ 

- 

- 

29,    .       . 

1,000 

18 

- 

- 

- 

- 

- 

80,    . 

8.100 

88 

- 

- 

- 

• 

- 

81,    .       . 

2,600 

49 

- 

- 

- 

• 

a : — 

8,108 

14 

18 

- 

22 

- 

U 

- 

Mareh  18*18,  fllten  cloaed,  high  water.   Mareh  18,  Altera  opened  and  allowed  to  drain.  HarA 
18-81,  Altera  remained  drained. 
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Number  <tf  Bacteria  and  B.  Goti  Oommunis  in  Water  tgapUed  to  and  Effluents 

fnm  Filters  2fds.  3,  7  and  8. 


Cakal  Watbb. 

Filths  Ko.  S. 

FILTSX  No.  7. 

FiLTBK  No.  8. 

Date— ISM. 

Bacteria. 

B.  Coll. 

Baotarla. 

B.O0U. 

BaelerU. 

B.C0U. 

Bacteria. 

B.  CoU. 

April  1, 

1,M0 

00 

26 

1 

46 

1 

7 

0 

2, 

1,600 

48 

41 

1 

42 

0 

10 

1 

8, 

- 

- 

- 

- 

- 

- 

- 

- 

4,        . 

1,400 

10 

16 

- 

26 

- 

10 

0 

5,        . 

2,400 

46 

16 

•  - 

20 

- 

7 

0 

•.        - 

2,800 

87 

7 

0 

16 

0 

6 

0 

7,        . 

3,900 

80 

- 

- 

20 

0 

10 

0 

8.       . 

800 

2 

24 

0 

26 

0 

U 

0 

•.        . 

1,100 

1 

27 

1 

18 

0 

24 

0 

10,       . 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

1,600 

6 

8 

1 

10 

1 

11 

0 

12,        . 

1.400 

88 

11 

0 

11 

0 

6 

0 

18,        , 

4,000 

16 

88 

0 

27 

0 

12 

0 

u. 

2,800 

66 

40 

0 

16 

0 

18 

0 

w.      - 

8,000 

• 

86 

0 

47 

0 

20 

0 

16.        , 

2,600 

6 

12 

0 

81 

0 

16 

0 

IT,       . 

- 

- 

- 

- 

- 

- 

• 

- 

18,        , 

1,200 

4 

14 

0 

60 

0 

14 

0 

18.        . 

- 

- 

- 

- 

- 

- 

- 

- 

»,        . 

^         • 

1,200 

8 

8 

0 

28 

0 

44 

0 

21,       . 

1,800 

- 

46 

0 

21 

0 

0 

0 

22. 

000 

7 

16 

0 

80 

0 

12 

1 

28, 

700 

- 

18 

0 

26 

0 

12 

0 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

26. 

6,100 

26 

- 

- 

- 

- 

- 

- 

28, 

2,700 

11 

•■ 

- 

- 

- 

- 

- 

2T, 

2,600 

81 

- 

- 

- 

- 

- 

- 

28, 

1,700 

1 

- 

- 

- 

- 

- 

- 

28, 

1,800 

18 

- 

- 

- 

- 

- 

- 

80, 

1,000 

- 

- 

- 

- 

- 

- 

- 

AT«ngi 

If      • 

1,904 

24 

22 

- 

28 

at 

14 

- 

April  7,  Filter  No.  8  aeiaped.    April  28,  Filter  No.  8  aorapod.    April  24-80,  ftltera  drained.    High 
water  In  tbo  ri^er. 
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Number  of  Bacteria  and  B,  (Mi  Communie  in  Water  app^ed  to  and  Effluentijrvm 

Filters  Not.  8,  7  and  8. 


Caval  Watkb. 

FILTSS  No.  S. 

• 

FILTBR  No.  7. 

FatSK  Na  8. 

DATS-18M. 

Bactarta. 

B.C0IL 

Bacterta. 

B.O0U. 

i 
Baetertft. 

B.O0U. 

Baeterto. 

B.C0II. 

layl.        , 

- 

• 

- 

- 

- 

- 

- 

«.        - 

2,400 

6 

14 

0 

67 

0 

20 

0 

8, 

2,100 

- 

14 

- 

40 

- 

16 

- 

4»        < 

1,800 

« 

6 

- 

25 

11 

- 

6,         . 

1,900 

- 

20 

- 

19 

- 

16 

- 

•.         . 

1,400 

0 

64 

0 

11 

0 

U 

0 

T,        . 

2,000 

• 

28 

0 

18 

0 

47 

0 

s.      . 

- 

« 

- 

- 

- 

- 

- 

- 

».        . 

1,800 

16 

26 

0 

16 

0 

48 

1 

10.         , 

2,000 

12 

11 

0 

21 

0 

14 

0 

11,     . 

2,100 

11 

6 

0 

82 

0 

16 

0 

12,         . 

2,700 

80 

18 

0 

22 

0 

88 

0 

M.         . 

2,400 

20 

11 

0 

U 

1 

11 

0 

u. 

2,800 

8 

10 

0 

11 

1 

28 

0 

M, 

- 

- 

- 

- 

- 

- 

- 

at 

M. 

2,000 

8 

14 

0 

19 

0 

28 

0 

IT,        . 

8,800 

72 

28 

0 

44 

0 

40 

0 

1«. 

2,700 

18 

86 

0 

26 

0 

18 

0 

M. 

4,000 

16 

16 

0 

26 

1 

16 

0 

to, 

1,600 

16 

11 

0 

12 

0 

17 

1 

SI. 

2.80O 

87 

19 

0 

6 

0 

7 

0 

sa. 

- 

- 

- 

- 

- 

• 

- 

- 

«• 

800 

19 

7 

0 

" 

0 

12 

0 

M. 

8,600 

60 

14 

0 

16 

0 

7 

0 

M. 

10,400 

70 

16 

0 

14 

0 

» 

0 

26. 

6,700 

27 

3 

0 

16 

0 

6 

0 

IT, 

6,600 

44 

4 

- 

12 

- 

6 

- 

28, 

6,000 

- 

- 

- 

- 

- 

- 

20,        . 

- 

- 

1 

- 

- 

- 

- 

- 

80,         , 

- 

- 

1 

- 

- 

- 

- 

w 

81.        . 

2,800 

42 

9 

0 

18 

.   0 

ID 

0 

AT*raf« 

>,     . 

8,800 

26 

16 

21 

-      ! 

18 

lC«y2,  IUt«nateit«daft»r«UadlBgostofop«ntioii  for6<Uya.  Kay  8,  ftll«ndnla«d; 
off.  M«ylA.fUt«ndrmlMd;MUldnwBofl.  May  16^  FUtsr  Ko.  8  aeti^td.  ICay 
kigh  wmttr  In  tlte  riT«r. 
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Number  of  Bacteria  and  B.  Ooli  Communis  in  Water  applied  to  and  Efflitentafrom 

FiUere  Noa.  3,  7  and  8. 


Cahal  Watke. 

FiLTSE  KO.  8. 

F11.TBS  Bo.  7. 

FiLtn  No.  8. 

Datb-1S»8. 

Bacteria. 

B.O0IL 

BActerla. 

B.O0U. 

Baetoria. 

B.Ooli. 

Baotertau 

B.  CoU. 

»  1. 
Jane    1, 

8,200 

- 

- 

- 

90 

0 

11 

0 

2.     - 

4,400 

10 

20 

0 

18 

0 

7 

0 

8,      . 

8,100 

47 

62 

0 

88 

0 

80 

0 

4.      < 

^400 

6 

12 

0 

88 

0 

144 

0 

6,     . 

- 

- 

- 

- 

- 

- 

- 

- 

«.      . 

2,100 

6 

10 

0 

18 

0 

14 

0 

7,      . 

6.000 

17 

48 

0 

0 

0 

10 

0 

8.      . 

8.800 

27 

10 

0 

80 

0 

4 

0 

»,     - 

6.800 

14 

12 

0 

46 

0 

7 

0 

10.     < 

8.700 

14 

21 

0 

24 

0 

70 

0 

n. 

14,100 

8 

27 

0 

22 

0 

8 

0 

u. 

- 

- 

- 

- 

- 

- 

- 

- 

18,      . 

8.800 

18 

18 

0 

24 

0 

17 

0 

u. 

14,000 

80 

16 

0 

22 

0 

10 

0 

16. 

11,800 

218 

28 

0 

28 

0 

87 

0 

18.      . 

11,800 

- 

80 

0 

20 

0 

14 

0 

17.      . 

- 

- 

- 

at 

- 

- 

- 

- 

18.      . 

12.200 

28 

21 

0 

10 

0 

21 

0 

M.      . 

•■ 

- 

- 

• 

- 

- 

- 

- 

• 

8.100 

72 

11 

0 

20 

0 

10 

0 

a,    . 

4,800 

110 

22 

0 

88 

0 

28 

0 

». 

7,400 

70 

24 

0 

44 

0 

67 

0 

M,      . 

10,100 

62 

44 

0 

22 

0 

» 

0 

S4. 

11,600 

28 

27 

0 

28 

0 

12 

0 

S5,      . 

18,900 

- 

18 

0 

82 

0 

20 

0 

88,      , 

- 

- 

- 

- 

- 

- 

- 

- 

«T,      . 

1300 

6 

20 

0 

78 

0 

16 

0 

28. 

4,000 

- 

18 

0 

88 

0 

8 

0 

2»,      . 

0.700 

80 

80 

0 

S2 

0 

10 

0 

80.      . 

2,800 

14 

12 

0 

42 

0 

12 

0 

Avenfi 

».      • 

7,484 

42 

28 

- 

88 

- 

28 

- 

JuiM  1,  Filter  No.  8  Mraped.   Jnoe  12,  Altera  drained,  oanal  drawn  off.   Jnno  10,  Altera  drainod, 
eanal  drawn  off.   Jane  26.  Altera  drained,  canal  drawn  off. 
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Number  of  Bacteria  and  B.  Colt  Oommunia  in  Water  applied  to  and  Effluents  from 

Filters  Nos.  3,  7  and  8. 


Caval  Watvb. 

FZLTBB  No.  8. 

FiLTBB  No.  7. 

FlLTSB  No.  8. 

Datb-ISM. 

Baetezla. 

B.O0II. 

BaeterlA. 

B.O0U. 

Baetacte. 

B.G0U. 

BaetorlB. 

B.C0U. 

jQlyl, 

6.800 

28 

28 

0 

70 

0 

11 

0 

a.      . 

8.000 

8 

16 

0 

26 

0 

SI 

0 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

- 

- 

- 

- 

- 

- 

- 

- 

5. 

2.200 

0 

17 

0 

47 

1 

18 

0 

% 

1.700 

18 

16 

0 

47 

0 

16 

0 

7.        . 

6.000 

66 

- 

- 

82 

0 

16 

0 

8,        . 

6.400 

0 

87 

0 

28 

1 

9 

0 

». 

11,000 

464 

60 

1 

88 

0 

80 

0 

10,        , 

- 

•■ 

- 

- 

• 

- 

- 

- 

u.      . 

2.900 

78 

60 

0 

84 

0 

44 

0 

w.      . 

7,000 

24 

28 

0 

84 

0 

10 

0 

18. 

02.200 

16 

88 

0 

42 

0 

17 

0 

M.        . 

4,800 

106 

21 

1 

20 

0 

18 

0 

1ft, 

11.200 

422 

84 

0 

20 

•• 

28 

0 

1«» 

8.400 

174 

24 

0 

10 

0 

20 

0 

IT,        . 

- 

- 

- 

- 

- 

- 

- 

- 

18. 

8.000 

41 

86 

0 

- 

- 

- 

- 

M,        . 

4,800 

66 

14 

0 

27 

0 

• 

0 

SO,        . 

6,600 

48 

0 

0 

26 

0 

8 

0    • 

81, 

4,800 

120 

8 

0 

19 

0 

9 

0 

«. 

4,400 

• 

8 

0 

16 

0 

8 

0 

S8. 

6.000 

464 

12 

0 

18 

0 

U 

0 

a*,      . 

- 

- 

- 

- 

- 

- 

- 

- 

».     . 

2300 

12 

- 

- 

27 

0 

0 

0 

86.        , 

1,000 

82 

27 

0 

22 

0 

10 

0 

«T,        , 

4,000 

88 

27 

0 

17 

0 

18 

0 

SI, 

8.200 

72 

88 

0 

8 

0 

8 

0 

SO.       . 

2.000 

12 

22 

0 

U 

0 

6 

0 

80, 

4.700 

- 

16 

0 

22 

0 

19 

0 

«.        . 

- 

- 

- 

- 

- 

- 

- 

- 

Awmfi 

».      • 

8,284 

1 
28 

26 

- 

SO 

- 

U 

- 

Jvly  7  and  26,  Filter  No.  8  aenptd.    July  18,  filtofa  Noa.  7  and  8  aerapad.   July  S.  4, 10.  IT,  K*'!* 
aaul  diawn  off  and  ffltara  drainad. 
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Ntanber  of  Bacteria  and  B.  OoU  Ocmmunit  in  Water  applied  to  and  Effluents  from 

FiUers  Not,  3,  7  and  8. 


Cahal  Watbb. 

FiLTKB  No.  8. 

FiLTBS  Mo.  7. 

FILTBB  No.  8. 

Dats~18M. 

Bacteria. 

B.CoU. 

Bactaria. 

B.  Coll. 

Baetarta. 

B.GolL 

Bacteria. 

B.  CoU. 

Angnit    1, 

2,600 

- 

10 

0 

18 

1 
0 

86 

0 

2.        . 

2,000 

- 

9 

0 

IT 

0 

19 

0 

8.        . 

8,100 

78 

16 

0 

16 

0 

8 

0 

4,        . 

6,600 

48 

7 

0 

8 

0 

8 

0 

6.        . 

8,700 

280 

12 

0 

8 

0 

41 

0 

«.        . 

8,700 

188 

11 

0 

9 

0 

19 

0 

T,        . 

- 

- 

- 

- 

- 

- 

- 

- 

«.        . 

2,200 

108 

8 

0 

- 

- 

- 

- 

»•        . 

1,900 

86 

40 

0 

21 

0 

20 

1 

10,        . 

6,800 

67 

6 

0      1 

28 

0 

26 

0 

u. 

4^600 

480 

IT 

0       ' 

1 

22 

0 

80 

1 

12,        . 

18,800 

211 

7 

0 

26 

1 

8 

1 

13,  . 

14,  . 

8,600 

48 

10 

1 

88 

0 

12 

0 

1,800 

22 

18 

"     1 

0        1 

1 

17 

0 

8 

0 

16,        . 

11,600 

97 

T 

0 

1 

16 

0 

8 

0 

IT,        . 

9,000 

164 

4 

1 

0 

26 

0 

10 

0 

M.        . 

18,600 

186 

9 

0    ! 

12 

0 

i         6 

0 

w.      . 

8,800 

489 

8 

0      1 

1 

16 

0 

» 

0 

»,        . 

6,800 

118 

6 

0 

16 

.   0 

8 

0 

21.        . 

- 

- 

■■ 

1 

- 

- 

1 

M 

2«,        . 

2,400 

46 

4 

0        ' 

1 

16 

0 

1 

9 

0 

28, 

2,200 

84 

4 

0 

16 

0 

1         3 

0 

24. 

18,600 

44 

14 

1 

0 

88 

0 

1 

1         6 

0 

2ft.        . 

18,600 

"  ; 

24 

0 

21 

0 

J       '' 

0 

26,         . 

6,800 

1 

880 

29 

«   \ 

21 

0 

28 

0 

27, 

2,000 

1 
21 

7 

0 

16 

0 

11 

0 

28, 

- 

- 

- 

I 

- 

- 

^ 

- 

n,       . 

1,400 

28 

86 

0 

21 

0 

1 

6 

0 

80,        . 

700 

16      1 

6 

1 

10 

0 

1         » 

0 

81,         . 

2,900 

10 

12 

0 

18 

i 

0 

8 

0 

ATenge, 

6,829 

128 

12 

w 

18 

.        1 

1 

14 

- 

Anfoat  8  and  23,  filtan  Noa.  7  and  8  aorapad.   Avgnat  28,  FUtar  No.  8  aerapad.    Augoat  7,  canal 
dnwn  off  and  ftltara  drmlaad. 
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Nwihber  of  Bacteria  and  B.  Coli  Communis  in  Water  applied  to  and  Effluents  from 

Filters  Nos.  3,  7  and  S. 


Cakal  Watbx. 

FILTKB  No.  8. 

FXLTBE  Ko.  7. 

FILTSB  No.  8. 

Datb-18«8. 

Bacteria. 

■  ■  ■ 
B.  Coli. 

Bacteria. 

B.  Coll. 

Bacteria. 

B.  Coll. 

Bacteria. 

B.CoIL 

8eptomb«r  1, 

7,800 

862 

41 

0 

18 

0 

17 

0 

2.      . 

18,400 

217 

41 

1 

12 

0 

6 

0 

8.      , 

7.900 

88 

70 

0 

29 

1 

16 

0 

4>      . 

- 

- 

- 

- 

- 

- 

- 

- 

6.       . 

- 

- 

- 

- 

- 

- 

- 

6.      . 

8.800 

40 

10 

0 

U 

0 

- 

- 

T,      . 

8.900 

200 

6 

0 

- 

- 

8 

0 

8.      . 

8.700 

108 

26 

0 

160 

1 

14 

1 

«.      . 

9,100 

64 

4 

0 

118 

1 

10 

0 

10.       . 

11,000/ 

- 

6 

0 

96 

0 

18 

0 

11.       . 

- 

- 

- 

- 

- 

"     • 

- 

- 

12.       . 

1.900 

168 

8 

0 

82 

0 

8 

0 

18,       . 

6,000 

196 

69 

1 

22 

1 

7 

1 

w,    . 

28.700 

1.066 

122 

0 

14 

0 

20 

0 

16,      . 

22,700 

217 

102 

0 

188 

0 

26 

0 

1«.      . 

15.800 

141 

48 

0 

IS 

0 

22 

0 

IT.       . 

16.900 

8U 

27 

0 

11 

0 

16 

0 

18.      . 

- 

- 

- 

- 

- 

- 

- 

- 

M.      . 

2.800 

86 

20 

0 

88 

1 

14 

0 

20.      . 

1.800  < 

27 

80 

0 

26 

1 

94 

0 

21,      . 

7.800 

76 

90 

0 

26 

0 

81 

0 

22.      . 

14.800 

128 

16 

0 

62 

0 

90 

0 

28.      . 

14.700 

211 

26 

0 

16 

0 

66 

0 

24.      . 

12.000 

860 

18 

0 

27 

0 

62 

0 

25.      . 

- 

- 

- 

- 

- 

- 

- 

- 

28.      . 

11.900 

40 

76 

0 

7 

0 

90 

0 

27.      . 

4.200 

29 

10 

0 

14 

0 

18 

0 

28.      . 

8.200 

26 

26 

- 

16 

0 

16 

0 

20,      . 

8,600 

14 

- 

- 

16 

0 

- 

- 

SO.      . 

8.800 

70 

- 

- 

6 

0 

- 

- 

Avenge, 

9,886 

172 

84 

- 

88 

19 

- 

September  12,  Filter  No.  8  eoraped  and  September  80  epeded  to  depth  of  6  Ineliee.  September  ?, 
Filter  No.  7  acraped;  September  6^  Filter  No.  8  aeraped.  September  4, 6,  18,  26,  canal  drawn  off  and 
Altera  drained. 
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Number  of  Bacteria  and  B.  Coli  Communis  in  Water  applied  to  and  Effluents  Jrom 

Filters  Nos.  3,  7  and  S. 


• 

Cakal  Watbs. 

FILTBB  No.  8. 

FiLTSB  Ho.  7. 

FiLTBB  Ko.  8. 

DATS— 1899. 

Baeteila. 

B.  CoU. 

Bacteria. 

B.  Coll. 

Bacteria. 

B.CoU. 

BactMla. 

B.  CoU. 

Oetober  1,  . 

6,800 

20 

29 

0 

6 

0 

- 

- 

2,   .       . 

- 

- 

- 

- 

- 

a* 

- 

- 

8,   .       . 

4.000 

6 

26 

0 

10 

0 

- 

- 

4,   .       . 

1,900 

8 

28 

0 

8 

0 

- 

- 

5.   .       . 

16.500 

240 

27 

0 

10 

0 

- 

- 

6,   .       . 

18.600 

186 

44 

0 

18 

0 

107 

1 

7,   .       . 

19,700 

680 

U 

0 

12 

0 

864 

1 

8,   .       . 

12,900 

- 

82 

0 

18 

0 

164 

0 

».    .       . 

«» 

- 

- 

- 

- 

- 

- 

- 

10,   .       . 

16,700 

6 

48 

0 

14 

0 

70 

0 

11,   .       . 

86,400 

18 

28 

1 

61 

0 

64 

1 

12.   .       . 

8,400 

86 

8 

0 

16 

- 

28 

0 

18,    .       . 

16,800 

66 

6 

0 

109 

0 

40 

0 

14,   .       . 

6,600 

14 

9 

0 

161 

0 

26 

0 

16,   .       . 

10.800 

41 

11 

1 

194 

0 

21 

0 

16,    . 

- 

- 

- 

- 

- 

- 

- 

- 

IT,    .       . 

6,400 

8 

18 

0 

61 

0 

12 

0 

18,   .       . 

8,600 

0 

18 

0 

41 

1 

12 

0 

19,    .       . 

6,200 

0 

6 

0 

26 

0 

16 

0 

«,    .       . 

8,600 

28 

8 

0 

48 

t 

8 

0 

21,    .        . 

7,100 

8 

49 

0 

14 

0 

9 

0 

22,    .       . 

6,600 

16 

66 

0 

14 

0 

10 

0 

S8,    .       . 

- 

- 

- 

- 

- 

- 

- 

- 

24,    .       . 

6,800 

2 

22 

0 

20 

0 

17 

0 

U,   .       . 

6^400 

24 

81 

0 

9 

0 

17 

1 

26.    .        . 

2,900 

22 

18 

0 

10 

0 

12 

0 

27,   .        . 

6,000 

12 

22 

0 

11 

1 

6 

0 

28,   .       . 

8,800 

7 

14 

0 

16 

0 

26 

0 

29,    .       . 

6,200 

0 

16 

1 

16 

1 

66 

0 

ao,  .      . 

- 

- 

- 

- 

- 

- 

- 

- 

81,   .       . 

8,700 

- 

8 

1 

80 

0 

10 

0 

• 

9,196 

! 

61 

28 

- 

86 

49 

- 

October  20,  Filtet  No.  8  icraped.   Oetober  12,  Filter  No.  7  apaded  to  depth  of  6  inchea.   Oetober  6, 
FQter  No.  8  aeraped  and  apaded  to  depth  of  6  Inohoa.    Oetober  80,  canal  drawn  off  and  Altera  drained* 
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number  of  Bacteria  and  B.  Coli  Communis  in  Water  applied  to  and  Effluenttjrom 

Filters  Nos.  3,  7  and  8. 


Cahal  Watkb. 

FILTKE  KO.  8.         j 

FILTKK  Ho.  7.        1 

FiLTSa  No.  8. 

Datk— 18«8. 

Bactertau 

B.CoU. 

Bacteria. 

B.  Coli. 

1 

Baetarie. 

B.C0IL 

Bacteria. 

B.CoU. 

November  1, 

6,800 

20 

12 

0 

26 

0 

16 

1 

2.      . 

4,400 

8 

11 

0 

28 

0 

27 

1 

3,      . 

4,400 

21 

11 

0 

16 

0 

84 

0 

4,      . 

6.100 

188 

12 

0 

1 

20 

0 

22 

0 

B.       . 

2.200 

216 

28 

0 

110 

1 

88 

1 

e.     . 

- 

- 

- 

- 

- 

- 

- 

7,      . 

2,000 

67 

10 

0 

10 

0 

8 

0 

8,      . 

4,600 

74 

16 

0 

24 

• 

1 

18 

0 

«.      . 

1,800 

70 

6 

0 

22 

0 

10 

0 

10,      . 

1,100 

80 

6 

0 

16 

1 

13 

0 

U,      . 

6,100 

46 

6 

0 

81 

0 

21 

0 

12,      . 

8,100 

10 

67 

0 

86 

0 

28 

0 

18,      . 

- 

- 

- 

^ 

- 

- 

w 

- 

14.      . 

6,400 

14 

06 

« 

48 

0 

42 

0 

w,     . 

8.000 

10 

86 

0 

12 

0 

81 

0 

16.      . 

2,800 

60 

60 

1 

22 

1 

44 

0 

17,      . 

6,000 

16 

67 

1 

16 

0 

21 

0 

18.      . 

4,800 

20 

84 

0 

18 

0 

0 

0 

19,      . 

6.600 

24 

22 

0 

0 

0 

17 

0 

20,      . 

- 

- 

•B 

- 

- 

- 

- 

- 

n,    . 

6.000 

26 

- 

- 

- 

- 

- 

- 

22,      . 

6,100 

0 

86 

0 

40 

0 

6 

0 

28,      . 

4.800 

12 

11 

0 

86 

0 

18 

0 

24,       . 

- 

- 

•B 

- 

- 

- 

- 

- 

28,      . 

4.800 

88 

27 

0 

21 

0 

22 

0 

26.      . 

2.100 

86 

U 

1 

16 

0 

16 

0 

27,      . 

- 

- 

- 

- 

- 

- 

- 

- 

28.      . 

8,400 

88 

82 

1 

22 

0 

28 

0 

20,      . 

8,100 

88 

84 

0 

18 

0 

27 

0 

80,       . 

2,100 

80 

11 

1 

20 

0 

21 

0 

Arenge. 

4,182 

44 

27 

- 

26 

- 

22 

- 

Norember  4,  Filter  No.  7  aeraped.   November  21,  Filter  No.  8  eeraped.   November  6  aad  20^  easal 
drawn  off  and  llltera  drained. 
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Number  of  Bacteria  and  B,  CoU  CommuntB  in  Water  applied  to  and  Effluents  Jrom 

Filters  Nos,  3,  7  and  8. 


DMMBber  7,  Filter  Ko.  8  lenipod.   DeMmbar  S,  Fl 
off  and  Alton  drmin«d. 


Cahal  Watsx. 

Filth  Ko.  8. 

FILTSB  Ko.  7. 

FlLTBX  No.  8. 

i 

j 

DATS— 19M. 

»«.«... 

B.COU. 

BActerlA. 

B.CoU. 

BMteite. 

B.O0IL 

BMtttia. 

B.CoU. 

]>«oainb«r   1,     . 

8,400 

22 

14 

0 

20 

0 

80 

0 

2,     . 

4.400 

22 

16 

0 

- 

1 

68 

0 

8,     . 

6,000 

7 

20 

0     ! 

120 

0 

20 

0 

4,     . 

- 

- 

- 

- 

- 

- 

- 

- 

' 

6.     . 

8,000 

18 

11 

00 

0 

24 

0 

e.    . 

11.000 

12 

8 

00 

1 

14 

0 

7,     . 

4,800 

88 

16 

- 

122 

1 

16 

0 

8,     . 

6,000 

80 

182 

116 

1 

20 

0 

1 

».     . 

2,800 

10 

181 

102 

1 

22 

0 

10,     . 

8,100 

12 

86 

80 

1 

80 

0 

1 

11,     . 

- 

- 

- 

- 

- 

- 

• 

12.     . 

2,200 

28 

80 

72 

0 

18 

1 

18,     . 

4,800 

81 

06 

46 

0 

18 

0 

14,     . 

1,800 

86 

88 

40 

0 

18 

0 

16,     . 

2,800 

42 

00 

47 

0 

18 

1 

M,     . 

8,200 

78 

106 

80 

0 

27 

0 

",     . 

4,800 

02 

106 

60 

0 

80 

0 

18,     . 

- 

- 

- 

1 

- 

- 

- 

19.     . 

1,000 

86 

00 

61 

0 

80 

0 

»,     . 

8.400 

87 

80 

40 

1 

28 

1 

21.     . 

2,600 

48 

101 

84 

0 

19 

0 

M.    .. 

8,700 

48 

116 

48 

1 

28 

0 

28.     . 

6,200 

47 

82 

00 

0 

86 

0 

34,     . 

8,800 

6 

84 

64 

1 

86 

0 

28,     . 

- 

- 

- 

- 

- 

- 

28,     . 

- 

- 

- 

- 

- 

- 

27,     . 

2,000 

88 

04 

118 

1 

22 

0 

28,     . 

8.800 

17 

28 

60 

0 

16 

0 

29,     . 

8.700 

7 

10 

167 

1 

12 

1 

80,     . 

2.600 

84 

70 

60 

0 

7 

0 

81,     . 

8100 

28 

68 

66 

0 

24 

0 

▲renfe, 

4,664 

80 

- 

- 

71 

- 

28 

- 

tor  No.  7  Mraped.    Decambar  11,  oanal  drmwn 
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Monthly  Averages  of  Analyses  of  Canai  Water  (Merrimaek  Biver). 
[Paiu  per  100,000.] 
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Effluent  of  Filter  No.  8  A. 

[Pkrts  par  100,000.] 


Quantity 

of 
Effluent 

OaUona 

per  Acre 

Dally. 

TximtHATUIS. 

Dao.  F. 

Color. 

Ammovxa. 

1 
.21 

NinooKH 

KM 

Oxygen 

Conramed. 

Percent,  of  Dis- 
lolved  Oxygen. 

CQ 

19M. 

Applied 
water. 

1 

• 

Albu- 
minoid. 

S 

1 

15 

Jamuury,  . 

3,644,000 

40 

84 

.81 

.0006 

.0082 

.088 

.0002 

.80 

78.2 

81 

Febmary, 

3,8M,000 

84 

84 

.88 

.0007 

.0088 

.22 

.028 

.0000 

.81 

77.9 

20 

ICareh,     .       . 

2,6T7,000 

84 

84 

.81 

.0008 

.0088 

.26 

.081 

.0000 

.26 

81.1 

15 

April, 

2,675,000 

U 

44 

.80 

.0028 

.0090 

.20 

.027 

.0000 

.80 

68.8 

U 

May,        .       . 

1,070,000 

60 

66 

.28 

.0018 

.0072 

.16 

.048 

.0000 

.27 

56.4 

18 

Jane, 

2,510,000 

70 

70 

.27 

.0015 

.0088 

.16 

.086 

.0000 

.82 

28.2 

26 

July, 

2,280,000 

74 

74 

.16 

.0018 

.0070 

.27 

.082 

.0000 

.10 

8.1 

15 

Anguat,   . 

2,817,000 

76 

76 

.28 

.0014 

.0086 

.24 

.026 

.0000 

.82 

14.6 

14 

Beptmnber, 

2,478,000 

87 

70 

.20 

.0008 

.0088 

.24 

.080 

.0000 

.26 

16.6 

1» 

October,  . 

8,872,000 

65 

64 

.60 

.0014 

.0140 

.27 

.021 

.0000 

.55 

60.8 

40 

27oTeoib6r, 

8,218,000 

46 

46 

.48 

.0012 

.0122 

.22 

.022 

.0000 

.45 

76.8 

22 

December, 

2.860,000 

84 

86 

.84 
.81 

.0014 

.0008 

.17 
.22 

.024 

.0000 

.87 

86.6 

28 

Average,  . 

2,MS,000 

62 

62 

.0012 

.0004 

.080 

.0000 

.83 

63.7 

22 

Effluent  of  Filter  No.  7  A. 

[ParU  per  100,000.] 


Quantity 

of 
Effluent 

Oallone 

per  Acre 

Daily. 

TsMPiBATuaa. 
Dbq.  F. 

Color. 

AimOHIA. 

1 

i 

1 

S 

.21 

NiTBOOSH 

Aa 

Oxygen 

Consnmed. 

Per  Cent  of  Dis- 
■olred  Oxygen. 

Bacteria    per 
Cubic    Centi- 
meter. 

18«S. 

Applied 
Water. 

Effluent. 

Free. 

Albu- 
minoid. 

• 

s 

Jasvary,  • 

2,710,000 

40 

1 
88 

.88 

.0010 

.0062  1 

.080 

.0002 

.81 

70.9 

86 

February, 

2,428,000 

34 

86 

.82 

.0008 

.0088  , 

.28 

.041 

.0000 

.80 

81.3 

81 

Maieh,     .       . 

1,496,000 

84 

84 

.81 

.0006 

.0062 

.26 

.029 

.0000 

.26 

79.6 

22 

AprU,      .       . 

2,686,000 

44 

44 

.80 

.0018 

.0088; 

.20 

.026 

.0000 

.31 

70.1 

28 

May,        .       . 

2,808,000 

66 

66 

.29 

.0017 

.0084 

.16 

.084 

.0000 

.82 

66.6 

21 

June, 

2,679,000 

70 

70 

.29 

1 

.0012 

.0002 

.16 

.086 

.0000 

.84 

10.0 

38 

July,       .       . 

2,876,000 

74 

74 

.16  1 

.0022 

.0076 

.27 

.029 

.0010 

.20 

8.8 

80 

Angoat,  . 

2,250,000 

76 

76 

.29 

.0017 

.0096 

.26 

.086 

.0000 

.88 

12.8 

18 

B«pt«mb6r.     • 

8,422,000 

67 

70 

.22' 

.0014 

.0098 

.26 

.081 

.0000 

.27 

19.0 

88 

October,  . 

8,787,000 

56 

68 

.61 

.0018 

.0157 

.27 

.020 

.0000 

.61 

61.8 

86 

Ifforember, 

2,446,000 

46 

46 

.46 

.0013 

.0121 

.28 

.022 

.0000 

.46 

77.2 

26 

December, 

2,884,000 

84 

86 

.86 
.82 

.0016 

.0006 

.17 
.28 

.088 

.0000 

.87 

86.1 

71 

ATerage,  . 

2,672,000 

62 

62 

.0018 

.0097 

.029 

.0001 

.84 

62.9 

82 

512  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

Filters  Nos.  68  and  69. 

These  two  filters  have  each  contained  during  1898  approximately 
40  inches  in  depth  of  sand  of  an  efiective  size  of  0.23  millimeter. 
To  each  of  the  filters  has  been  applied  a  polluted  water,  containing 
more  organic  matter  than  the  river  water  and  many  more  bacteria ; 
this  water  being  filtered  river  water  to  which  a  certain  volume  of 
sewage  has  been  added.  During  the  year,  this  applied  water  has 
contained  an  average  of  43,842  bacteria  of  all  kinds  per  cubic  cen- 
timeter and  595  B.  coli  per  cubic  centimeter.  This  water,  although 
containing  more  organic  matter  than  the  river  water  applied  to  the 
Lawrence  city  filter  and  to  the  remainder  of  the  experimental  filters 
at  the  station,  having  passed  through  one  filter,  has  been  freed  to  a 
great  extent  of  the  silt,  or  clay  and  sand,  which  is  largely  the 
material  which  clogs  the  surface  of  water  filters.  Owing  to  this, 
both  of  these  filters  have  been  operated  throughout  the  year  with- 
out the  removal  of  any  material  from  their  surfieu^es,  an  occasional 
raking  being  all  that  was  necessary,  when  the  surfstces  were  clogged, 
to  put  them  again  into  a  condition  to  allow  water  to  pass  through 
freely.  Owing  also  to  the  removal  of  this  silt  from  the  water  be- 
fore its  application  to  these  two  filters,  the  bacterial  results  obtained 
from  them  have  been  less  favorable  than  they  would  have  been  if 
water  containing  silt  had  been  applied. 

From  January  1  to  April  14  the  rate  of  operation  of  each  filter 
was  2,000,000  gallons  per  acre  daily.  Filter  No.  68  was  operated 
continuously  during  this  period  and  Filter  No.  69  intermittently. 
During  this  time  B.  colt  were  found,  in  varying  numbers,  in  the 
efiluent  of  Filter  No.  68  in  38  of  the  108  samples  examined  for  this 
bacillus;  and  in  the  effluent  of  Filter  No.  69  in  50  of  the  108 
samples  examined.  The  bacterial  efficiency,  calculated  upon  the 
removal  of  bacteria  of  all  kinds,  was,  during  this  period,  99.79  per 
cent,  for  Filter  No.  68  and  99.66  per  cent,  for  Filter  No.  69. 

From  July  18  to  December  31,  inclusive.  Filter  No.  68  was  oper- 
ated intermittently  at  an  average  rate  of  about  1,500,000  gallons  per 
acre  daily.  During  this  period  B.  coli  were  found  in  tike  effluent 
in  42  of  the  132  samples  examined  for  this  germ.  From  April 
15  to  December  31,  inclusive.  Filter  No.  69  was  operated  con- 
tinuously at  a  rate  approximating  2,300,000  gallons  per  acre  ^daily. 
During  this  time  B.  coli  were  found  in  90  of  the  184  samples  exam- 
ined.    During  the  entire  year  30  per  cent,  of  the  samples  from 
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Filter  No.  68  contained  B.  coli  and  44  per  cent,  of  the  samples 
from  Filter  No.  69. 

During  the  first  five  months  of  the  year  the  efBuents  from  these 
two  filters  were  applied  to  Filter  No.  90,  containing  4  feet  in 
depth  of  sand  of  an  efiective  size  of  0.23  millimeter.  Owing  to 
the  fact  that  all  the  organic  matter  in  suspension  as  well  as  the  silt 
had  been  removed  from  the  water  before  reaching  the  sui'face  of 
Filter  No.  90,  containing  sand  of  the  same  degree  of  fineness  as 
filters  Nos.  68  and  69,  the  ejSuent  of  this  secondary  filter  was  but 
little  better,  from  a  bacterial  point  of  view,  than  the  efBuents  ap- 
plied to  it ;  the  bacterial  efficiency,  reckoned  upon  total  numbers  of 
bacteria  removed,  being  somewhat  greater  when  calculated  against 
the  bacteria  in  the  water  applied  to  filters  Nos.  68  and  69,  but, 
nevertheless,  42  per  cent,  of  the  samples  of  effluent  examined  con- 
tained B.  coli.  The  surface  of  this  filter  did  not  become  clogged 
during  its  period  of  operation  in  1898  and  was  neither  scraped  nor 
raked.  The  average  rate  of  operation  of  the  filter  was  3,528,000 
gallons  per  acre  daily,  and  it  was  discontinued  May  14. 

Upon  April  23,  Filter  No.  109  was  put  in  operation.  This  filter 
contains  the  same  depth  of  sand  as  Filter  No.  90,  but  the  sand  is 
of  a  much  finer  grade,  having  an  efiective  size  of  0.14  millimeter. 
To  this  filter,  canal  water  was  applied  from  April  23  to  May  15,  in- 
clusive, and  from  May  16  to  July  17  the  same  water  as  applied  to 
filters  Nos.  68  and  69.  This  was  done  in  order  to  cause  a  deposit 
of  organic  matter  upon  the  sand  grains  in  the  upper  portion  of  this 
filter.  From  July  18  to  December  31,  inclusive,  the  filter  received 
the  effluents  of  filters  Nos.  68  and  69.  From  August  1  to  De- 
cember 31,  inclusive,  only  9  of  the  102  samples  examined  for  B. 
coli  contained  this  germ,  and  the  bacterial  efficiency,  calculated 
upon  the  bacteria  present  in  the  water  applied  to  filters  Nos.  68 
and  69,  was  99.90  per  cent.  The  average  rate  of  filtration  main- 
tained was  2,769,000  gallons  per  acre  daily,  and  its  surface  did 
not  become  clogged  and  hence  was  not  scraped  or  raked  during 
the  period  from  August  1  to  December  31. 

Determinations  of  the  percentage  of  oxygen  dissolved,  in  the 
polluted  water  applied  to  filters  Nos.  68  and  69  and  in  the  effluents 
of  these  two  filters,  have  been  made  on  many  of  the  days  of  the 
year.  Tables  giving  the  results  of  these  examinations  are  given 
on  pages  528  and  529.  It  will  be  seen  from  an  examination  of 
these  tables  that  the  amount  present  in  the  applied  water  was  not  de- 
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creased  during  the  passage  of  the  water  through  the  filters  when  they 
were  operated  intermittently,  owing  to  the  additional  volume  of  air 
introduced  into  the  body  of  the  filter  each  day,  by  the  daily  freeing 
of  the  surface  of  the  filter  from  water.  With  continuous  operation 
of  the  filters,  moreover,  the  oxygen  was  not  perceptibly  reduced  dur- 
ing cold  weather.  During  warm  weather  the  amount  present  in  the 
effluent  of  Filter  No.  69,  then  being  operated  continuously,  was  very 
small ;  but  its  entire  absence  was  noted  on  only  one  occasion,  and 
the  **  total "  bacterial  results  were  equal  to  those  obtained  from  the 
intermittent  filter,  but  B.  coli  appeared  in  the  effluent  more  frequently 
and  in  greater  numbers  than  in  the  effluent  of  the  intermittent  filters. 
The  difierence  in  the  B.  coli  results  would  probably  have  been  much 
more  pronounced  also  than  the  tables  show,  if  Filter  No.  68  had  been 
in  operation  during  the  period  from  May  15  to  July  18,  as  it  took 
this  filter  some  days  to  get  into  good  working  condition  after  being 
put  in  operation  again  on  July  18. 


Number  of  Bacteria  and  B.  Coli  Communie  in  applied  Water  and  Effluents  of 

Filters  Nos.  68,  69  and  90, 


Caval  Watbb  fob 

FiLTBM  Mot.  68  AMD  69. 

TWtMM  Ko,  68. 

FILTBB  VO.  60. 

FiLTsa  Ho.  10. 

Datb—  18^9. 

Bacteria. 

B.  Coll. 

Bacteria. 

B.O0U. 

Baetwia. 

B.O0U. 

Bacteria.    B.OaU. 

1 

Janmry  1,     . 

\\ 

8,      . 

iS:  : 
?i:  : 

18,      . 
14,      . 

16,  . 
10. 

17,  . 

18,  , 
10,     . 
90,      . 

1; 

1 

1?: 

1 , IS 11 II . llllll . . lllll . llllll . 1 

1  S5S«8«  'g^afRSu  'swig •sMggs ^ 

610 

610 
860 
704 
728 
870 
996 

970 
100 
870 
946 
600 
420 

880 
100 
684 

806 
104 

69 

176 

880 

1,296 

1,016 

900 

870 

918 

in 

00 

988 

00 

18 
108 

68 

186 
06 

180 
00 

118 

180 
06 
108 
119 
186 
119 

101 
111 
108 
108 
124 
86 

106 

4 

9 
0 
9 

0 

0  « 
0 

0 
8 
0 

1 

1      0 

0 

4 

0 
0 
0 
0 
0 

0 
0 
0 

1 

0 
0 

9 

189 

818 
168 
1,867 
902 
188 
118 

160 
160 
160 
87 
80 
126 

169 
126 

71 
100 
106 

69 

878 
60 
88 

114 
196 
118 

182 

4 
44 

0 

68 

It 
70 
60 
70 
60 
4« 

•T 

67 
79 
78 
48 

60 

81 
117 
08 
•1 
46 
41 

81 
88 
48 

47 
07 
40 

68 

1 

1 

Av»nif», 

t            a 

09,700 

468 

198 

- 

904 

" 

08 

» 

J  inaary  6,  Filter  No.  09  raked  1  tneb.   January  12,  Filler  No.  08  raked  1  taeh. 
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Number  of  Baeteria  and  B.  OoU  Oommunit  in  applied  Water  and  Effluents  of 

Filters  Nos.  68,  69  and  90. 


Canal  Watkb  fob 

FlLTKU  HOS.  68  AND  88. 

FXLTNE  No.  68. 

FiLTU  No.  68. 

FILTBK  No.  90. 

DATS— 18M« 

Bacteria. 

B.  CoIL 

Baeleila. 

B.  COM. 

Bacteria. 

B.CoU. 

Bacteria. 

B.  CoU. 

Febriwry  1,  . 

90,000 

780 

118 

0 

87 

0 

88 

0 

2,.       . 

78,400 

424 

870 

0 

67 

0 

86 

0 

8,.       . 

86,500 

400 

100 

0 

100 

0 

64 

4..       . 

48,S00 

140 

108 

8 

00 

0 

86 

1 

6..       . 

44,800 

1,211 

207 

0 

128 

0 

48 

0 

8,  .       . 

- 

- 

- 

- 

- 

- 

- 

T,  .       . 

88,600 

884 

100 

0 

70 

0 

47 

0 

«..       . 

164,700 

270 

107 

0 

70 

0 

48 

0 

8.  .       . 

120,800 

466 

414 

0 

84 

0 

68 

0 

10,.       . 

168,500 

128 

484 

24 

76 

0 

86 

1 

11,  .        . 

154,800 

668 

000 

1 

104 

1 

80 

1 

la, .     . 

108,700 

460 

480 

0 

20 

0 

88 

0 

18,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

14,.       . 

100,400 

888 

170 

0 

212 

0 

00 

1 

18,.        . 

24,000 

6 

112 

0 

88 

0 

68 

0 

18,.        . 

67,800 

802 

164 

0 

124 

1 

66 

1 

IT,.       . 

64,800 

462 

840 

0 

4,060 

1 

888 

1 

18,.       . 

108300 

600 

106 

0 

840 

0 

116 

0 

M,  .       . 

128,600 

- 

106 

- 

470 

- 

141 

1 

10,  .       . 

- 

- 

- 

- 

- 

- 

- 

- 

21,  .       . 

68,200 

- 

186 

- 

100 

- 

100 

0 

«.  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

28,.        . 

88,000 

688 

188 

0 

106 

0 

108 

0 

24,.       . 

67,800 

480 

820 

0 

162 

0 

77 

0 

26,.       . 

74,400 

808 

142 

0 

178 

0 

88 

0 

28,.       . 

68,700 

100 

840 

0 

80 

0 

65 

0 

27,.        . 

- 

- 

- 

- 

- 

- 

28..       . 

48,600 

418 

08 

0 

108 

0 

80 

1 

ATcnge, . 

88,880 

417 

884 

- 

888 

- 

108 

- 
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Number  of  Bacteria  and  B.  OoU  Communis  in  applied  Water  and  Effluent*  of 

FiUers  Noe.  68,  69  and  90. 


T\  m  ^^              4  Ai 

ih^ 

Caval  Watu  fob 

FiLTBRS  KOS.  68  AMD  68. 

FILTBX  No.  68. 

FiLTSB  No.  60. 

FZLTSB  No.  90. 

DATK  —  1SV9* 

Bacteria. 

B.OolL 

Bacteria. 

B.  CoU. 

Bacteria. 

B.GOU. 

Bacteria. 

B.O0IL 

March   1, 

82,000 

480 

88 

0 

06 

0 

64 

0 

2» 

41,200 

572 

74 

0 

82 

60 

0 

8, 

104,800 

888 

68 

0 

64 

88 

0 

4. 

134,500 

076 

61 

0 

187 

61 

ft. 

720,000 

080 

68 

0 

80 

87 

88;M» 

406 

62 

0 

64 

71 

8. 

41,000 

4,188 

52 

0 

74 

66 

». 

16,000 

- 

228 

6 

85 

68 

10, 

86,400 

677 

185 

1 

88 

58 

n. 

02,000 

27 

288 

0 

n 

70 

w. 

184,800 

481 

124 

0 

IM 

141 

18. 

- 

- 

- 

- 

- 

14. 

06,700 

178 

98 

0 

80S 

08 

16.       . 

66,600 

870 

218 

4 

800 

ISl 

16. 

80,000 

666 

180 

2 

148 

08 

IT,       . 

86,000 

1,164 

206 

6 

804 

14 

818 

18,       . 

89,400 

888 

100 

2 

lOS 

70 

w.     . 

08,000 

781 

98 

0 

69 

«9 

».       . 

- 

- 

- 

- 

- 

- 

SI.       . 

80,700 

476 

116 

0 

lU 

a 

81 

A 

». 

66,000 

474 

61 

1 

126 

66 

28,        . 

80,000 

686 

68 

2 

64 

ar 

a«.     . 

80,200 

504 

55 

1 

66 

47 

38.       . 

86,400 

502 

61 

2 

87 

M 

S8, 

87,500 

618 

88 

0 

48 

a 

27,       . 

- 

- 

- 

- 

- 

28.        . 

20,800 

480 

86 

4 

78 

72 

28,       . 

114,700 

424 

184 

1 

80 

91 

80,       . 

18,600 

440 

642 

28 

21 

ns 

81,        . 

82,800 

640 

196 

0 

19 

OS 

88,007 

700 

120 

- 

107 

1 

88 

- 
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Number  of  Bacteria  and  B,  Coli  Communie  in  appUed  Water  and  Effluents  of 

Filters  Nos.  68,  69  and  90. 


W  M  ^^            4  ^tfktfk 

Caval  Watbb  for 
FiLTBia  Nos.  68  and  68. 

PiLTBK  No.  68. 

Filth  No.  69. 

FlLTBB  No.  90. 

Datb— 'IMS. 

BaeterU. 

B.OoU. 

Bacteria. 

B.COU. 

Bacteria. 

B.  CoU. 

Bacteria. 

B.  Coli. 

April  1,  .       .       . 

28,200 

1.060 

222 

4 

186 

1 

180 

1 

2.  .       .       . 

28.600 

668 

821 

12 

812 

82 

189 

1 

8,.       .        . 

- 

- 

- 

- 

- 

- 

- 

- 

4,  .       .       . 

21,100 

724 

760 

82 

206 

8 

189 

1 

6,  .       .       . 

16,700 

747 

194 

16 

122 

6 

95 

1 

%.       .       . 

26,600 

880 

98 

0 

56 

8 

185 

1 

7,  .       .       • 

10,600 

700 

188 

26 

84 

8 

72 

1 

8,  .       .        . 

22,200 

406 

110 

8 

76 

1 

89 

1 

9.  .        .       . 

20.000 

86 

66 

0 

66 

0 

82 

0 

10.  .       .       . 

- 

- 

- 

- 

- 

- 

- 

- 

U.  .       .       . 

28.800 

900 

60 

1 

48 

2 

81 

1 

M,.        .       . 

18.600 

180 

29 

1 

- 

0 

24 

1 

18,.       .       . 

24.200 

816 

47 

0 

185 

0 

58 

1 

14,.       .       . 

90.000 

.216 

60 

0 

78 

0 

84 

0 

15,  .       .       . 

26,700 

- 

48 

0 

822 

67 

16 

0 

16,  .       .       . 

81.000 

S27 

46 

12 

866 

5 

140 

0 

17,  .       .       . 

- 

- 

- 

- 

- 

- 

- 

- 

18.  .       .       . 

18,600 

- 

179  " 

5 

115 

0 

43 

0 

19,  .       .       . 

- 

- 

- 

- 

- 

- 

- 

- 

»,  .       .       . 

26,400 

298 

167 

0 

86 

0 

60 

1 

21,  .       .       . 

28.700 

- 

186 

- 

55 

- 

44 

0 

22,.       .       . 

17.800 

- 

206 

M 

84 

- 

44 

0 

28,  .        .       . 

18.600 

666 

84 

0 

86 

0 

81 

0 

24,  .       .       . 

- 

- 

- 

- 

- 

- 

- 

- 

26,  .       .       . 

11.900 

140 

51 

0 

50 

0 

89 

0 

26,.       .       . 

11.900 

640 

124 

1 

74 

0 

48 

2 

27,  .       .       . 

18,600 

600 

88 

0 

185 

0 

74 

1 

28,  .       .        . 

48.700 

606 

102 

0 

160 

0 

67 

0 

28,  .       .       . 

14.800 

840 

95 

4 

49 

0 

66 

0 

80,  .       • 

18,800 

799 

286 

8 

76 

0 

77 

0 

ATermg*, . 

21.600 

606 

147 

- 

122 

- 

71 

- 

April  6.  Filter  No.  68  raked.    April  14.  Filter  No.  69  raked.    April  16.  rates  of  Altera  Noa.  68  and  69 
laereaaed  to  8.000.000;  60  to  mn  cootlnnonely. 
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Number  of  Bacteria  and  B.  OoU  Oommunie  in  applied  Water  and  Effluente  tf 

FiUert  Noe.  68,  69,  90  and  109. 


Gahal  Watkb  pos 
FiLTBM  Not.  68,  68, 

▲XDlOO. 

• 

FILTXB  No.  68. 

Fans  Vo.  90. 

FILTKK  Ho.  106. 

Datb. 

ISM. 

{ 

t 

• 

1 

i 

• 
OQ 

1 

• 

1 

A 

• 

A 

1 

May    1,       . 

11,000 

212 

- 

- 

- 

- 

- 

- 

- 

- 

2.       . 

S1,000 

212 

84 

0 

22 

0 

126 

0 

- 

- 

8.       . 

17.800 

- 

88 

- 

00 

- 

48 

- 

- 

- 

4.       . 

27,100 

- 

52 

- 

266 

- 

21 

- 

- 

a* 

6.       . 

16^000 

- 

56 

- 

87 

- 

48 

- 

- 

- 

% 

10,100 

286 

18 

0 

124 

0 

104 

0 

- 

- 

7,       . 

16,000 

211 

78 

0 

00 

1 

186 

0 

- 

- 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

».       . 

6,M0 

124 

68 

0 

84 

0 

180 

0 

- 

- 

10.       . 

10,000 

48 

16 

0 

740 

0 

128 

0 

- 

- 

u,      . 

0,500 

180 

44 

0 

10 

0 

26 

0 

- 

- 

W,       . 

21,000 

840 

87 

0 

066 

0 

182 

0 

- 

- 

18,       . 

22,000 

801 

18 

0 

44 

4 

82 

0 

- 

- 

!*• 

28,000 

080 

75 

0 

20 

0 

88 

0 

- 

- 

18,       . 

- 

- 

- 

- 

- 

.■ 

- 

- 

- 

18. 

20,800 

6 

- 

- 

78 

0 

- 

- 

lOT 

0 

17.       . 

18,200 

811 

- 

- 

240 

0 

- 

- 

168 

12 

18.       . 

16*400 

286 

- 

- 

20T 

84 

- 

- 

115 

M.       . 

22,600 

780 

- 

- 

06 

4 

M 

- 

86 

«0,       . 

80,100 

124 

- 

- 

86 

6 

- 

- 

92 

21,       . 

76,000 

568 

- 

- 

161 

0 

- 

- 

70 

«, 

- 

- 

- 

- 

- 

- 

- 

- 

38,       . 

02,100 

410 

- 

- 

128 

- 

- 

- 

851 

«4,        . 

80^000 

226 

- 

- 

686 

11 

- 

- 

66 

».       . 

80.000 

240 

- 

*B 

514 

24 

- 

- 

106 

38,       . 

11,800 

800 

- 

- 

676 

14 

- 

- 

81 

«7,       . 

8,800 

240 

- 

- 

888 

0 

M 

- 

17 

«,       . 

8,800 

- 

- 

- 

202 

1 

- 

- 

24 

»,       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80,       • 

^ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81,       . 

U.000 

406 

- 

- 

120 

8 

- 

- 

28 

0 

ATttnge, 

24.012 

823 

65 

- 

241 

- 

84 

- 

02 

- 

April  26  to  May  15,  Flltar  No.  100  ran  with  omuU  water;  rate,  2,600,000.  ICay  15,  Filter  Ko.  90  ai- 
eoDtla«ed ;  FUter  No.  100  itartMl.    May  20,  FUter  No.  60  raked.    May  80,  Filter  No.  100  aeraped. 
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Number  of  Baeteria  and  B.  Coli  Communit  in  appUed  Water  and  Effluente  of 

Fillers  Nos.  69  and  109. 


DATS- IMS. 

Caval  WATSB  VOft 
FlLTBHS  Nos.  60  AMD  106. 

FiLTU  No.  68. 

FiLTsa  No.  109. 

Baeteria. 

B.CoU. 

Bacteria. 

B.  Coll. 

Bacteria. 

B.OolL 

JaiM  1, 

17.000 

- 

187 

• 

51 

- 

% 

17.700 

- 

166 

8 

82 

0 

«. 

10.400 

518 

592 

12 

25 

1 

4. 

8.T00 

824 

119 

8 

26 

0 

«, 

- 

- 

- 

- 

- 

- 

«. 

10.800 

246 

51 

0 

84 

0 

T. 

14.900 

410 

22 

0 

80 

0 

8, 

10.000 

606 

19 

0 

18 

0 

0, 

18,100 

212 

61 

18 

0 

10.      . 

11,600 

442 

46 

18 

0 

11.      . 

11,900 

286 

17 

21 

0 

12,      . 

- 

- 

- 

- 

- 

18, 

6.300 

270 

57 

26 

0 

14. 

7,700 

168 

59 

16 

0 

15,      , 

4.600 

824 

60 

29 

0 

1».      . 

41.000 

688 

187 

25 

0 

17.      . 

- 

- 

- 

- 

- 

18,      . 

140.000 

1,628 

159 

0 

18 

0 

w.    . 

- 

- 

- 

- 

- 

»,      . 

22.100 

- 

205 

49 

2 

21.      . 

66.600 

5 

262 

88 

1 

22.      . 

80.700 

1 

168 

246 

64 

1 

28.      . 

21.900 

855 

814 

21 

58 

4 

24,      . 

22.800 

716 

202 

14 

48 

2 

26,      . 

90.500 

I 

600 

418 

78 

2 

26,      . 

1 

- 

- 

- 

- 

27,      . 

.-     . 

80.800 

170 

356 

118 

0 

28,      . 

25.100 

- 

299 

" 

47 

- 

29,      . 

12.900 

28 

208 

80 

0 

80.      . 

18,800 

1 

600 

78 

40 

- 

Average. 

24,784 

419 

178 

- 

87 

- 

Jnne  0, 

nit 

BrN< 

».  10 

9  ler 

aped. 

June  10,  ra 

te  of  Filter 

No.  109  In 

ereieed  to 

8.000.000  1 

[allone  per 

acre  daily.    Jane  18.  FUter  No.  69  raked.    Jane  18.  ratee  of  filten  Noe.  109  and  09  reduced  to  2,000,000 
gallons  per  acre  dally.    Jane  27,  Creoothrlz  growing  on  Filter  No.  109. 


520 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


NuifUier  of  Bacteria  and  B.  Cott  Communis  in  applied  Water  and  Effluent*  of 

Filters  Nos.  68,  69  tmd  109. 


v*^«^^       "n^kA- 

k^ 

Cavai«  Water  70r 

FiLTKBS  N08.  68  AVD  68. 

\     FILTKK  No.  68. 

FXLTSB  No.  60. 

FILTXB  No.  109. 

D  ATS  •—  1  Sw9« 

. 

Baoteria. 

B.OoU. 

'  Bacteria. 

B.  Coll. 

Bacteria. 

B.O0U. 

Bacteria. 

B.O0U. 

July  1|  • 

24.500 

718 

- 

- 

100 

1 

88 

2,  .       . 

47,800 

187 

- 

- 

68 

0 

27 

8.  . 

- 

- 

- 

mm 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

«.  . 

27,500 

160 

- 

- 

79 

0 

78 

«.  . 

51,600 

108 

- 

- 

187 

2 

00 

T.  .       . 

9,900 

470 

- 

- 

68 

2 

21 

8,  . 

10,700 

777 

- 

- 

28 

2 

68 

».  . 

82,800 

454 

- 

- 

88 

- 

108 

10.  . 

- 

- 

- 

- 

- 

- 

- 

11.  • 

12,900 

026 

- 

- 

80 

2 

97 

12,  . 

10^400 

577 

- 

- 

12 

1 

47 

»•  . 

65,000 

1,020 

- 

- 

6^ 

12 

46 

40 

14.  . 

85.900 

1,280 

- 

- 

118 

4 

98 

16,  . 

21,200 

828 

- 

- 

151 

24 

68 

12 

16,  . 

28,000 

1,678 

- 

- 

100 

10 

45 

IT,  . 

- 

- 

- 

- 

- 

- 

- 

18.  . 

48,600 

080 

4,878 

- 

88 

10 

80 

19,  . 

40,900 

286 

2,085 

56 

88 

1 

66 

20.  . 

15,806 

785 

844 

7 

22 

0 

IS 

21.  . 

87.900 

185 

189 

2 

48 

86 

T9 

28 

22,  . 

20.800 

- 

192 

- 

198 

- 

19 

28,  . 

19,800 

2.496 

176 

12 

86 

90 

6 

24.  . 

- 

- 

- 

- 

- 

- 

- 

25.  . 

18,900 

1.862 

94 

t 

84 

2 

10 

26.  . 

20.700 

866 

106 

2 

48 

1 

• 

2T,  .       . 

10.000 

288 

74 

0 

18 

0 

9 

28.  .        , 

17,000 

1,686 

77 

- 

19 

fi 

T 

29.  .       , 

28.200 

540 

80 

0 

46 

0 

19 

80,  .       . 

12,900 

- 

85 

- 

94 

- 

0 

- 

81,  .       . 

- 

1 

- 

- 

- 

- 

I 

- 

Avenge, . 

26.712 

808 

1 

781 

- 

1          68 

1 

- 

85 

- 

Jaly  2,  Filter  No.  109  acraped.    Jnly  18,  Filter  ITo.  68  aUrted ;  tntermlttent.    Filter  No.  100  reeetre* 
efflaeDU  of  Altera  Noa.  63  and  69.    Jaly  22,  Filter  No.  69  raked. 
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Number  of  Baettria  and  B.  Volt  CommunU  in  applied  Water  and  Effluents  of 

FUten  No».  68,  69  and  109. 


w»ma       ■ mm 

1^ 

Cawal  Watkb  fob 
filtbbs  nos.  68  amd  09. 

FiLTEH  Ho.  68. 

FiLTBB  No.  69. 

FiLTBB  No.  109. 

DATS  —  18V9« 

BteterlA. 

B.  CoU. 

BActcrUu 

B.  Coll. 

Bteteria. 

B.O0U. 

Baeterla. 

B  Ooll. 

Aagatt  1, 

20,800 

- 

87 

- 

21 

- 

4 

a, 

15,400 

- 

24 

- 

9 

- 

8 

8. 

U,800 

810 

86 

1 

21 

0 

27 

0 

4, 

18,700 

688 

62 

0 

26 

2 

4 

0 

«. 

17,100 

644 

12 

0 

26 

1 

4 

0 

6, 

12,900 

180 

61 

0 

21 

1 

1 

0 

7. 

- 

- 

w 

•t 

- 

- 

- 

- 

< 

18,200 

98 

92 

0 

78 

0 

0 

0 

9. 

16,600 

628 

21 

0 

88 

0 

2 

0 

10. 

16,700 

668 

68 

0 

18 

0 

0 

11, 

18,400 

890 

41 

1 

26 

0 

0 

12. 

6,000 

880 

42 

0 

44 

0 

0 

18. 

6,800 

818 

26 

0 

8 

0 

0 

14. 

- 

- 

- 

- 

- 

- 

- 

M. 

9,600 

198 

88 

0 

16 

0 

11 

0 

M. 

11,200 

211 

22 

0 

18 

0 

0 

17,       . 

84,400 

228 

08 

0 

86 

0 

0 

1«. 

18,600 

212 

48 

0 

IS 

0 

0 

M. 

6,000 

110 

22 

0 

84 

0 

10 

0 

«, 

11,800 

827 

16 

0 

21 

0 

2 

0 

«l. 

- 

- 

- 

- 

- 

- 

- 

- 

tt. 

4,600 

28 

46 

0 

66 

0 

0 

a. 

2,900 

- 

28 

0 

80 

0 

0 

24,        . 

1  '          • 

4,900 

186 

81    . 

0 

29 

0 

0 

«.        . 

18,100 

126 

68 

0 

61 

0 

0 

«. 

68,400 

647 

46 

0 

60 

0 

6 

0 

«,        . 

26,600 

129 

68 

0 

24 

0 

14 

0 

«.        . 

- 

- 

- 

- 

- 

- 

- 

».        . 

7,800 

76  . 

28 

0 

18 

0 

0 

».        . 

16,800 

88 

21 

0 

28 

0 

0 

81.       . 

81,800 

810 

60 

« 

17 

0 

0 

AT«n(«, . 

16,722 

811 

42 

1 
1 

28 

- 

- 
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Number  of  Bacteria  and  B.  Coli  OommunU  in  applied  Water  and  EffluenU  ef 

Filtert  Nos.  68,  69  and  109. 


Datb-IMS. 

Cahal  Watbb  yob 
FiLTBBS  Nob.  88  abd  89. 

FiLTBB  Ko.  68.     1 

1 

FiLTBB  No.  88. 

FtLTBB  No.  108. 

BBcttrlB. 

B.  Goll. 

Bacteria. 

B.  CoU. 

Bacteria. 

B.(ML 

Bacteria. 

B.O0II. 

Beptember  1, . 

15.700 

417 

78 

0 

18 

8 

0 

a,.     . 

88^400 

828 

06 

1 

88 

11 

0 

»..    . 

28.600 

886 

67 

0 

24 

6 

0 

4..       . 

- 

- 

- 

- 

- 

- 

- 

6..       . 

- 

- 

- 

- 

- 

- 

6..       . 

4.100 

87 

108 

4 

66 

18 

T..       . 

6,600 

106 

41 

0 

81 

1 

8,.       . 

86,100 

1387 

84 

0 

6 

1 

9..       . 

88,700 

947 

78 

6 

80 

9 

10,.       . 

111,000 

- 

440 

0 

10 

9 

11,.       . 

- 

- 

- 

- 

- 

- 

U,.        . 

68,100 

844 

100 

0      1 

180 

8 

U,.       . 

40,600 

150 

00 

0 

90 

16 

14,.        . 

88,000 

810 

88 

0 

48 

11 

16,.       . 

18,000 

121 

81 

0    i 

88 

9 

18,.       . 

10,000 

118 

66 

0      1 

88 

8 

17,.       . 

81.800 

601 

78 

1    > 

86 

U 

18,.        . 

- 

- 

- 

-    : 

- 

- 

19,.        . 

14,800 

1,481 

46 

0 

106 

17 

20,.       . 

11,800 

1,885 

188 

0 

180 

88 

ai,.     . 

10,000 

1,194 

88 

1 

117 

S 

aa..     . 

18,100 

1,879 

80 

0 

148 

91 

»,.     . 

16,800 

818 

88 

0 

80 

16 

14..       . 

10,000 

1,084 

17 

0 

88 

11 

»..     . 

- 

- 

- 

- 

- 

- 

«,.     . 

18,100 

1,409 

21 

0 

88 

116 

27..        . 

61,700 

181 

68 

1 

0 

168 

» 

28,.        . 

16,100 

1,146 

87 

1 

1        810 

1 

a 

2»,.        . 

48,400 

1,147 

!    « 

0      1 

1        178 

1        U               0 

4 

SO,.        . 

71,400 

648 

48 

0      I 

16 

u       1       0 

Avenge, . 

88,108 

880 

81 

1 

1 

"      1 

91 

- 

"     1     ■ 

No.  34.] 


FILTRATION  OF  WATER. 


523 


Number  of  Baeteria  and  B.  OoK  Communia  in  Applied  Water  and  Effluents  of 

FiUere  2To$.  68,  69  and  109. 


V^  •   -  ■-          4  ^^k^ 

Casal  Watib  roB 
FILTBM  Nos.  68  Aai>  89. 

FILTBB  No.  68. 

FILTBB  Ko.  69. 

FiLTBB  No.  109. 

DATS  » 1808a 

BMtarU. 

B.O0IL 

BMCtflB. 

B.O0U. 

BaetarlB. 

B.O0U. 

BaettrU. 

B.C0U. 

October  1,      . 

80,T80 

888 

82 

0 

25 

6 

8 

0 

3,     . 

■• 

- 

- 

- 

- 

- 

- 

- 

8.     . 

20,800 

- 

2T 

0 

112 

0 

47 

0 

4.     . 

18,000 

444 

21 

1 

229 

8 

68 

0 

ft.     . 

88,M0 

424 

88 

0 

80 

0 

4 

0 

••     . 

28,800 

668 

68 

0 

195 

0 

5 

0 

7,     < 

28,800 

1,071 

89 

0 

81 

0 

8 

0 

«.     . 

24,100 

806 

72 

1 

109 

0 

24 

0 

•»     . 

- 

- 

- 

- 

- 

- 

- 

- 

10,     , 

27.900 

818 

99 

1 

44 

0 

- 

0 

11.     < 

68,000 

8,982 

148 

4 

740 

0 

16 

0 

12.     . 

88,900 

2,640 

1,155 

44 

1,840 

18 

67 

0 

18,     . 

200,000 

4,881 

657 

10 

2,072 

0 

69 

0 

14.     . 

94,800 

840 

568 

0 

1.851 

0 

86 

0 

1«.      . 

114,700 

420 

110 

0 

540 

4 

88 

0 

w.    . 

- 

- 

- 

- 

- 

- 

- 

- 

17,     , 

78,800 

200 

91 

0 

211 

1 

28 

0 

18,     . 

46,U0 

910 

88 

0 

175 

1 

22 

0 

19,     . 

24.800 

1,478 

49 

0 

128 

8 

12 

0 

»,     . 

25.700 

629 

04 

2 

120 

8 

80 

0 

n,    . 

29.000 

829 

108 

0 

85 

0 

18 

0 

22,     , 

89,200 

580 

17 

0 

81 

0 

88 

0 

23,     , 

- 

- 

- 

- 

- 

- 

- 

- 

24,     . 

58,800 

148 

42 

0 

78 

8 

9 

0 

25,     . 

57.700 

725 

88 

0 

181 

2 

21 

0 

28.     . 

88,800 

715 

61 

0 

105 

0 

28 

0 

27, 

49.900 

769 

74 

0 

81 

0 

40 

1 

28,     . 

17.700 

6«7 

» 

0 

181 

8 

25 

1 

28, 

89,400 

1,850 

51 

0 

89 

0 

- 

1 

80, 

- 

- 

- 

- 

- 

- 

- 

- 

81.     . 

55,200 

071 

58 

0 

66 

1 

66 

0 

AT«n«e, . 

49,012 

1.048 

147 

1 

- 

888 

- 

29 

- 

Oetotor  II,  Alton  No*.  68  mnd  69  nked. 
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Number  of  Bat^eria  and  B.  Ooli  Oomnumis  in  applied  Water  and  Effluent*  cf 

Filters  Not.  68,  69  and  109. 


Tx  . 4  ^^Vtfk 

Cawal  Watkr  fob 
FiLTSBS  Mob.  68  amd  69. 

FiLTBK  No.  68. 

Tsvm  No.  69. 

FU.TBB  Mo.  ICO. 

Date— 1S98« 

Bacteria. 

B.O0IL 

Bacteria. 

B.G0H. 

Bacteria. 

B.O0U. 

Bacteria. 

B.00IL 

November  1, 

48,900 

1,206 

247 

•   0 

212 

4 

16 

0 

2,        . 

21,900 

962 

86 

6 

168 

4 

48 

0 

8, 

16,200 

688 

108 

6 

216 

0 

67 

4.        . 

22,400 

280 

87 

2 

80 

0 

44 

ft.        . 

46,200 

607 

88 

1 

810 

0 

42 

e,      . 

- 

- 

- 

- 

- 

- 

- 

7.        . 

26,100 

670 

214 

6 

14 

0 

84 

«»        . 

20,900 

1,446 

282 

0 

896 

0 

6 

»,        . 

28,000 

1,178 

246 

8 

17 

4 

23 

10.        . 

88,000 

960 

- 

- 

118 

4 

26 

11.         . 

86,600 

1,480 

222 

4 

486 

8 

44 

12,         . 

88,800 

1,260 

286 

0 

127 

0 

84 

18,        . 

- 

- 

- 

- 

- 

- 

- 

14,         . 

14,400 

226 

166 

8 

147 

1 

78 

w,      . 

22,300 

1,260 

124 

0 

606 

0 

- 

16,         . 

17,600 

668 

112 

0 

20 

0 

88 

17,        . 

20,200 

1,U0 

84 

0 

- 

0 

128 

18, 

40,100 

640 

100 

1 

42 

0 

62 

M,         . 

88,800 

672 

626 

0 

864 

2 

141 

20,        . 

- 

- 

- 

- 

- 

- 

- 

'21,         . 

27,700 

660 

106 

- 

864 

2 

16 

22,        . 

21,800 

782 

172 

2 

720 

8 

m 

23,        . 

86,100 

640 

167 

0 

276 

8 

71 

24,         . 

- 

- 

m 

- 

- 

- 

- 

26,        . 

21,600 

868 

179 

0 

847 

0 

26 

26,         . 

21,400 

848 

242 

6 

788 

0 

89 

27,         . 

- 

- 

- 

- 

- 

- 

- 

28,        . 

26.000 

860 

299 

10 

461 

0 

n 

29,         . 

88,800 

726 

88 

4 

866 

0 

M 

w.      . 

66,200 

1,448 

880 

2 

280 

6 

40 

Avenge, . 

29,896 

868 

186 

- 

279 

- 

" 

- 

November  6,  rates  of  filters  Noa.  68  and  69  reduced  to  1|  miilioo.  November  80,  Fflter  No.  69  raked. 
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Number  of  Baderia  and  B.  Ooli  COmmunit  in  applied  Water  and  Effluent*  of 

Fitten  No*.  68,  69  and  109. 


Dais -ISM. 

G4VAL  WaTBB  fob 
FILTBBS  NOS.  68  AVD  60. 

FXLTBB  Ko.  68. 

FiLTBB  No.  68. 

FlLTBB  No.  109. 

BMtarta. 

B.CoU. 

Bftcterta. 

B.CoU. 

Bacteria. 

B.CoU. 

Bacteria. 

B.CoU. 

D600IDb6r  If  •         • 

61.400 

868 

f 

146 

0 

176 

4 

88 

0 

2,.       . 

66,800 

1,221 

70 

0 

107 

1 

216 

0 

40,800 

227 

197 

1 

219 

0 

62 

0 

47.900 

988 

4,271 

66 

618 

0 

20 

0 

«..       . 

72,000 

760 

976 

6 

147 

0 

41 

0 

T,  .       . 

28,100 

486 

166 

1 

82 

0 

29 

0 

8p.       . 

26,600 

718 

186 

8 

86 

1 

90 

0 

».  .       . 

66,800 

900 

116 

0 

889 

0 

27 

0 

10,  .       . 

102,800 

1,018 

70 

0 

106 

0 

74 

0 

11,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

12..       . 

26,700 

826 

68 

0 

664 

0 

14 

0 

18..       . 

18,000 

400 

220 

0 

907 

0 

64 

0 

14,.        . 

42,100 

860 

280 

0 

vn 

0 

14 

0 

16,.       . 

86.700, 

466 

126 

0 

888 

0 

68 

0 

16,  .       . 

40.000 

206 

281 

9 

702 

0 

88 

0 

17,.        . 

80,400 

167 

494 

0 

177 

0 

88 

0 

18,  .       . 

- 

- 

m 

- 

- 

- 

- 

- 

19,.        . 

82,700 

788 

424 

0 

606 

0 

68 

0 

»,  .       . 

27,600 

188 

409 

1 

201 

0 

19 

0 

n. .     . 

20,400 

168 

716 

0 

126 

0 

12 

0 

a..     . 

18,000 

- 

626 

0 

686 

0 

76 

1 

28,.       . 

86,000 

46 

892 

0 

881 

0 

64 

0 

24,.       . 

70.600 

186 

448 

0 

216 

0 

82 

0 

26,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

28,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

27,  .        . 

88.100 

128 

277 

0 

181 

0 

60 

0 

28,.       . 

84,600 

188 

806 

0 

68 

0 

188 

0 

»,  .       . 

28.000 

174 

164 

0 

118 

0 

16 

0 

30,.       . 

28.800 

46 

184 

0 

266 

0 

6 

0 

81,  .       . 

86,600 

866 

66 

0 

110 

0 

24 

0 

▲▼•ngv, . 

42,281 

469 

484 

806 

- 

40 

- 

DMembmr  6,  Filter  No.  68  nked. 
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Average  Analyta  of  Water  applied  to  Filters  N<a.  68  and  69. 

[Farts  per  I00,«00.] 


Tempere> 
ture. 

Deg.  F. 

1 

Axxovu. 

1 
.80 

KITBOOXV 

Oxygen 

Oontumed. 

ii 

|5 

1 

i 

ALBDMnrOID. 

An 

O .? 

m 

1 

S 

»S 

1S9S. 

1 

II 

Jn&nnryy  •       •       •       • 

43 

.48 

.0681 

.0284 

.0155 

.045 

.0008 

.86 

88.7 

02,766 

Febmary, 

48 

.40 

.0618 

.0108 

.0141 

.84 

.046 

.0010 

.86 

88.6 

88,69 

Mnrcb,      .       . 

47 

.44 

.0755 

.0188 

.0140 

.87 

.066 

.0007 

.81 

84.7 

88,607 

AprU.       .       . 

46 

.87 

.0155 

.0768 

.0101 

.82 

.043 

.0002 

.20 

78.1 

21.M0 

May,.       . 

58 

.81 

.0081 

.0206 

.0144 

.86 

.048 

.0008 

.20 

67.8 

24,012 

Jane, 

82 

.27 

.0007 

.0228 

.0158 

.46 

.088 

.0008 

.27 

60.6 

24,784 

Jnly,. 

80 

.22 

.0567 

.0176 

.0182 

.40 

.061 

.0000 

.22 

41.6 

18,712 

Angnet,    . 

72 

.28 

.0671 

.0175 

.0128 

.52 

.041 

.0006 

.28 

86.4 

16,72S 

Beptember, 

70 

.24 

.0386 

.0162 

.0185 

.45 

.067 

.0006 

.28 

4S.0 

82488 

Ootober,   . 

82 

.82 

.0768 

.0255 

.0908 

.51 

.040 

.0004 

.86 

62.4 

40,012 

NoTomber, 

80 

.48 

.0018 

.0286 

.0201 

.50 

.060 

.0008 

.46 

62.2 

20,896 

December, 

54 

.48 
.84 

.0606 

.0210 

.0160 

.40 

.060 

.0002 

.86 

76.8 

42^1 

ATenge,   . 

58 

.0661 

.0256 

.0158 

.48 

.040 

.0005 

.81 

68.8 

48,8tt 

Effluent  ofFiUer  No.  68. 

[Pnrte  per  100,000.] 


QnantiCy 

BAuent. 

Gailone 

per  Acre 

Dally. 

TftimBATun. 
Dbg.  F. 

• 

.27 

Ammovia. 

'  6 

.40 

KlTKMBir 

▲e 

Oxygen 

Oonanmed. 

It 

ill 

ISM. 

< 

1 

i 

• 

il 

1 

5 

i 

s 
s 

Jaatinry, . 

1,762,000 

48 

66 

.0010 

.0068 

.101 

.0000 

.26 

n.i 

121 

Febmary, 

1,884,000 

48 

62 

.28 

.0007 

.0075 

.86 

.102 

.0001 

.80 

72.2 

284 

ICnieh,     .       . 

1,606,000 

47 

54 

.21 

.0007 

.0064 

.87 

.106 

.0000 

.20 

72.9 

128 

AprU, 

2,155,000 

46 

48 

.21 

.0020 

.0077 

.81 

.108 

.0001 

.10 

78.6 

147 

May,        .       . 

2.810,000 

68 

46 

.10 

.0016 

.0088 

.88 

.157 

.0000 

.20 

70.1 

66 

Jane, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Jnly,        .       . 

1,104,000 

60 

78 

.15 

.0022 

.0006 

.60 

.116 

.0002 

.10 

80.4 

m 

Aagaet,   . 

1,810,000 

72 

72 

.18 

.0017 

.0074 

.61 

.060 

.0000 

.20 

89.2 

42 

September,     • 

1,241,000 

70 

66 

.16 

.0010 

.0060 

.44 

.008 

.0000 

.20 

n.T 

as 

October,  . 

1,318,000 

62 

66 

.10 

.0017 

.0106 

.62  i 

.111 

.0000 

.26 

44.9 

U7 

NOTcmber, 

1,856,000 

60 

40 

.29 

.0018 

.0106 

.60 

.068 

.0000 

.SO 

61.0 

181 

December. 

2,060,000 

54 

65 

.20 
.22 

.0019 

.0004 

.48 

.44 

.106 

.6000 

.26 

66.4 

484 

Average,  . 

1,606,000 

66 

66 

.0016 

.0066 

.104 

.0000 

.28 

60.1 

210 

mo.  34.3 


FILTRATION  OF  WATER. 


Effluent  of  Fitter  So,  I 
[Puta  per  loo/MO.] 


Effluent. 

^-D'ia";^" 

1 

A>.0«1. 

] 

BtTBoam 

1^ 

Is 

111 

IHS. 

P 

1 

1 

Jl 

1 

1 

Snz;;    : 

Manli,      .       . 

Oiaotwr.  . 
ITonntw,      . 

1;  s 
s  s 

li 

1 

01 

w 

10 
M 

U 

H 

.32 

!oo« 

.0001 

!oii« 
.oosa 

loois 

.OOtT 
.0OT» 

.oo«o 

.OOTT 

■5 

.0000 

!dio« 

:S 

.N 
.M 

.on 

.0« 

!ooi 

!oN 

.06S 

loos 

.0000 

.DOOU 

loon 

iooM 

SOI 

JOT 

ITS 
W 

mo 

AT*»g.,  . 

i,in.ow 

M 

K 

,S1 

.oo«> 

.OOKl 

^ 

.OM 

.ooia 

.31 

M.1 

no 

9/  JW«r  ^0.  ffO. 

[Piru  ptrlOO.nO.] 


QdmUV 

"■.'S-l"" 

1 

AM.O«.. 

1 

to 

|1 

1 
i 

£ 

F 

IMS. 

?;5r 

ll 

1 

1 

A 

1 

1 

III 

KSr-    : 

u 

40 

01 
41 

.u 

.ST 

:«) 

.30 

.OOOT 

iooos 

.OOIT 
.0019 

.DOTS 
!00«3 

M 

.101 

.DOS 

^104 

loooo 

.0000 
.0000 

its 

IT.O 

s 

•1 

A>MM*,   ■ 

a,us/ioo 

01 

4« 

.31 

.oou  1.0014 

.tn 

.100 

.0000 

.1. 

n.o 

n 

J^««n<  of  Filter  No.  109. 

(Parta  par  100,000.] 


Qi.«.tl« 

'■ES*;?" 

A«.0«.. 

-"■■ 

1 

4 

■wa. 

s™ 

P 

1 

s 

1 

1 

iJ 

j 

j 

^ 

f 

III 

n 

Mar 

3,800,000 

4« 

16 

0711 

nnl.\ 

M 

.tM, 

.0010 

10 

OS 

'Sm 

■Sli" 

■" 

■"m 

■" 

11 

3,HII.O00 

.uuni 

.40 

:s7 

-j 

Anraia, 

I.TW.000 

01 

00 

.10 

.0071 

.18 

40 
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Per  Oenl.  of  Disgolved  Oxygen  in  Water  applied  to  FUten  Not.  68  and  69. 


DAT  OF  MOKTH. 

• 

1 

1 

• 

i 

• 

1 

< 

i 

•< 

1 

• 

• 

^ 

X(       •          •          •          •          • 

84.0 

- 

- 

86.2 

- 

62.8 

- 

- 

86.0 

- 

61.8 

86.8 

«. 

- 

80.6 

- 

78.6 

- 

- 

- 

87.1 

87.8 

- 

07.4 

68.7 

8,     . 

- 

86.8 

00.0 

- 

- 

- 

- 

88.8 

26.1 

- 

84.2 

86.6 

4. 

98.2 

83.7 

70.8 

82.8 

77.6 

64.2 

- 

- 

- 

67.6 

68.6 

- 

6. 

87.0 

82.1 

71.7 

78.6 

80.6 

- 

1 

87.8 

62.7 

88.6 

- 

00.6 

••     . 

00.0 

- 

- 

n.7 

72.2 

61.8 

- 

- 

- 

48.8 

- 

00.6 

7,     . 

86.6 

84.6 

- 

81.0 

- 

67.2 

48.0 

- 

41.0 

42.4 

64.6 

68.4 

8,     . 

80.8 

77.6 

- 

80.8 

- 

- 

- 

86.3 

80.4 

- 

68.6 

88.0 

8.     . 

- 

- 

- 

74.6 

76.1 

78.4 

46.2 

- 

86.8 

- 

41.6 

72.8 

w,    . 

02.7 

- 

87.8 

- 

76.1 

- 

- 

81.6 

88.2 

44.4 

66.8 

60.4 

11.     . 

04.0 

87.8 

86.8 

86.1 

74.8 

- 

48.4 

87.6 

- 

48.0 

46.7 

- 

18.     . 

- 

80.2 

82.0 

- 

72.2 

- 

- 

44.1 

46.4 

84.6 

- 

00.8 

18,     , 

00.7 

- 

- 

88.0 

70.6 

- 

42.7 

47.8 

44.0 

86.0 

- 

77.0 

M.     . 

87.0 

7T.2 

- 

78.0 

w 

- 

- 

- 

82.0 

44.6 

- 

80.f 

16,     . 

80.4 

78.0 

80.0 

74.8 

- 

- 

47.8 

88.8 

48.0 

- 

- 

883 

16,     . 

- 

84.0 

- 

71.6 

64.6 

62.8 

48.0 

84.8 

61.6 

- 

66.1 

88.0 

n.   . 

88.7 

88.0 

88.1 

- 

72.7 

- 

- 

82.1 

40.7 

87.T 

67.2 

88.8 

18,     , 

02.7 

87.6 

- 

78.7 

- 

- 

60.6 

88.6 

- 

- 

66.0 

- 

18,     , 

00.0 

81.6 

- 

- 

- 

- 

47.6 

87.8 

40.7 

61.6 

60.0 

- 

20.     . 

- 

- 

- 

70.6 

- 

- 

86.0 

81.7 

48.4 

08.7 

- 

01.8 

21.     . 

06.8 

70.8 

86.4 

74.0 

- 

- 

10.2 

- 

46.7 

46.8 

68.2 

87.4 

22,     , 

88.6 

- 

80.1 

78.0 

- 

- 

46.2 

44.8 

48.0 

66.8 

67.0 

87.6 

28,     . 

- 

86.0 

78.4 

68.6 

60.0 

- 

- 

- 

80.0 

- 

08.8 

84.8 

24,     . 

86.1 

87.0 

- 

- 

66.8 

- 

- 

- 

68.7 

64.7 

- 

- 

26,     . 

86.2 

80.1 

- 

74.8 

68.1 

80.7 

- 

- 

- 

60.2 

64.1 

- 

28,     . 

88.6 

- 

- 

- 

64.1 

- 

- 

24.4 

67.0 

60.4 

67.8 

- 

27,     . 

87.4 

- 

- 

- 

- 

- 

- 

30.2 

41.1 

60.8 

- 

88.2 

28,     . 

- 

80.4 

80.7 

- 

- 

- 

- 

- 

66.8 

60.7 

68.6 

84.0 

28,     . 

86.7 

- 

80.0 

- 

- 

84.8 

24.1 

42.8 

46.0 

68.7 

78.0 

81.0 

80,     , 

- 

- 

87.0 

- 

- 

80.0 

^^ 

28.0 

t 

84.7 

- 

70.4 

78.4 

81, 

87.6 

- 

84.1 

- 

- 

- 

-       41.0 

47.8 

- 

78.8 

No.  34.] 


FILTRATION  OF  WATER. 
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P«r  C«ni.  of  Dissolved  Oxygen  in  Effluent  of  Filler  No.  68. 


DAT  or  Moim. 

■ 

b 

S 

6 

m 

1 

a 

• 

< 

# 

»» 

< 

1 

Ok 

2 

1 

! 

• 

1 

If        •«•••• 

82.7 

- 

- 

77.8 

- 

- 

- 

41.0 

- 

81.6 

66.7 

% 

- 

77.1 

- 

60.0 

- 

- 

21.8 

82.1 

- 

80.0 

66.1 

8. 

- 

88.2 

66.7 

- 

- 

- 

21.4 

46.2 

- 

34.4 

60.2 

4. 

88.7 

80.0 

61.8 

80.2 

76.6 

- 

- 

- 

67.0 

44.0. 

- 

•. 

84.4 

68.8 

68.0 

76.4 

71.4 

- 

87.2 

104.7 

46.8 

- 

48.7 

•• 

74.6 

- 

- 

82.8 

66.1 

- 

- 

- 

64.6 

- 

66.8 

T, 

66.7 

78.1 

- 

64.8 

- 

- 

- 

100.0 

68.0 

60.8 

66.0 

«. 

67.0 

60.6 

- 

76.0 

- 

- 

86.1 

70.6 

- 

67.8 

67.7 

».        . 

- 

- 

- 

74.8 

78.6 

- 

- 

60.8 

- 

86.7 

66.2 

10, 

67.4 

- 

66.7 

- 

68.1 

- 

48.2 

- 

40.0 

82.0 

66.7 

n»      . 

66.7 

82.6 

64.1 

80.0 

70.0 

- 

48.6 

- 

82.0 

88.8 

- 

12, 

- 

82.7 

66.1 

- 

71.8 

- 

61.1 

87.0 

80.4 

- 

66.0 

M. 

- 

- 

- 

70.6 

66.0 

- 

48.8 

87.6 

20.8 

- 

60.7 

14.        . 

70.6 

76.2 

- 

66.2 

- 

- 

- 

46.1 

16.2 

- 

71.1 

1ft, 

74.1 

60.4 

78.1 

68.6 

- 

- 

86.2 

48.0 

- 

- 

66.8 

16,        , 

- 

61.6 

- 

87.0 

- 

- 

48.0 

41.8 

- 

84.1 

60.0 

17.        . 

os.o 

72.6 

- 

- 

- 

- 

64.7 

88.6 

87.1 

83.7 

81.1 

18.         . 

.# 

76.0 

76.2 

- 

84.6 

- 

- 

44.2 

- 

- 

70.8 

- 

M.        . 

01.7 

72.6 

- 

- 

- 

76.6 

46.6 

62.7 

40.6 

70.6 

- 

».        . 

- 

- 

- 

86.6 

- 

26.2 

80.6 

65.4 

60.6 

- 

60.6 

21,         . 

78.6 

71.7 

81.4 

82.0 

- 

18.1 

- 

68.0 

66.0 

60.1 

72.6 

22. 

72.6 

- 

86.6 

76.6 

- 

0.8 

27.4 

42.6 

64.6 

64.6 

72.6 

28, 

- 

66.1 

74.1 

77.8 

- 

- 

- 

41.8 

- 

66.6 

70.5 

24.        . 

80.6 

66.7 

- 

- 

- 

- 

- 

86.2 

86.7 

- 

- 

25, 

82.4 

62.0 

- 

88.2 

- 

- 

- 

- 

ao.o 

62.8 

- 

28.         . 

'  80.2 

1 

- 

- 

- 

- 

- 

27.1 

67.0 

64.6 

68.7 

- 

27. 

77.1 

- 

- 

- 

- 

- 

48.8 

40.1 

60.2 

- 

76.6 

28, 

- 

68.6 

86.8 

- 

- 

- 

- 

68.8 

66.7 

71.6 

60.0 

29.        . 

72.7 

- 

70.8 

- 

- 

22.7 

80.1 

02.7 

60.6 

68.0 

78.2 

80,        . 

- 

- 

80.0 

- 

- 

- 

86.6 

88.0 

- 

68.8 

60.2 

81,        . 

76.8 

- 

76.0 

- 

- 

- 

44.8 

- 

86.8 

- 

66.6 

Filter  opernMd  eontloooiitly  from  Jftoaaryl  to  May  14.  loolutlTo,  and  lnt«nnlttontly  from  July  18  to 
Doeembor  81,  IndatlTe. 
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STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Per  Cent,  of  Diuolved  Oxygen  in  Effluent  of  Filter  No.  69. 


% 

D4T  or  MOSTB. 

• 

1 

• 

• 

f 

m 

d 

-< 

1^ 

i 

-< 

1 

S 

i 

a 

1 

i 

I.  . 

- 

- 

- 

70.0 

- 

1.0 

- 

- 

0.8 

- 

0.0  •  42.2 

•2.  . 

- 

58.4 

- 

08.0 

- 

- 

- 

1.9 

1.7  '      - 

0.S 

26.5 

8,     . 

- 

57.1 

01.2 

- 

- 

- 

- 

8.8 

-    1      - 

1.0 

15.0 

4.     . 

67.8 

63.9 

56.4 

74.2 

0.7 

0.9 

- 

- 

- 

2.0 

10.7 

- 

6.     . 

M.6 

71.4 

57.1 

03.1 

18.4 

- 

- 

0.1 

- 

0.7 

- 

1.0 

«b     . 

58.8 

- 

- 

71.5 

5.4 

65.2 

- 

- 

72.8 

12.8 

• 

0.0 

T,     . 

78.1 

07.8 

- 

08.5 

- 

58.0 

0.8 

- 

76.2 

2.1 

0.1      8.5 

8,     . 

47.2 

58.8 

- 

70.0 

- 

- 

- 

9.8 

80.7 

- 

17.8  '    0.0 

».     . 

- 

- 

- 

72.4 

15.0 

- 

2.0 

- 

19.6 

[ 

1.0      2.1 

10.     . 

00.2 

- 

68.7 

- 

24.8 

- 

- 

11.5 

5.6 

17.7 

4.2      4.8 

«•     . 

fiO.8 

67.7 

49.5 

01.8 

21.8 

- 

0.8 

2.2 

- 

81.8 

1.5  '     - 

u. 

- 

57.8 

50.9 

- 

11.1 

- 

- 

7.8 

0.7 

24.7 

-  ;  5.1 

M. 

07.6 

- 

- 

- 

1.0 

- 

O.T 

4.1 

0.7       0.8 

1 

-    1    8.1 

14. 

54.7 

52.7 

- 

00.0 

- 

- 

- 

- 

0.7 

0.8 

-    i  12.5 

w. 

54.0 

51.4 

04.8 

08.4 

- 

- 

40.0 

1.2 

0.9 

- 

-    j  18.4 

!«• 

- 

50.9 

- 

45.5 

8.9 

7.2 

5.8 

84.0 

0.7 

- 

0.2     18.2 

IT, 

59.8 

59.8 

88.0 

- 

80.2 

- 

- 

1.2 

1.1     17.4 

0.2     15.4 

!»• 

08.1 

01.8 

- 

28.2 

- 

- 

1.5 

1.2 

- 

->  ^ 

5.2.     . 

»• 

01.1 

02.5 

- 

- 

- 

- 

4.5 

1.2 

1.2 

24.4 

8.5 

«b     . 

- 

- 

- 

80.5 

- 

- 

1.0 

0.7 

1.4  ;  14.0 

-      10.8 

M. 

08.2 

50.0 

72.0 

10.0 

- 

- 

20.2 

- 

0.7      0.T 

1 

2.7     21.1 

tt.     . 

58.7 

- 

78.0 

18.5 

- 

- 

TT.O 

2.0 

4.0  1    2.T 

8.5     22.1 

«. 

- 

55.5 

01.5 

10.8 

09.0 

- 

- 

- 

1 

10.8    28.4 

14. 

00.0 

- 

- 

- 

21.8 

- 

- 

- 

0.7 

15.0 

1 

». 

54.6 

48.0 

- 

18.4 

0.0 

2.7 

- 

- 

- 

1.4 

U.T        - 

M»     < 

47.2 

- 

- 

- 

0.0 

- 

- 

1.2 

8.8 

1.0 

1 

«•     . 

42.0 

- 

- 

- 

- 

- 

- 

0.8 

0.1 

1.0 

-      27.0 

». 

- 

00.2 

07.9 

- 

- 

- 

• 

- 

12.0       0.0 

70.5    28.5 

»• 

50.0 

- 

08.8 

- 

- 

0.0 

5.8 

1.1 

S.2  i    0.0 

OOa     25.T 

M. 

- 

- 

50.1 

- 

- 

1.2 

- 

0.8 

1.1 

70.2    UJl 

81. 

40.0 

- 

00.1 

- 

- 

- 

- 

1.2 

1.2 

- 

20.0 

Filter  op«raltd  lotoroidtleDtly  from  Jaaiury  1  to  April  14,  iBdoalro,  and  ooBtimoaMy  ttom  A|^  15 
to  Deeeniber  81,  Indnalre* 


No.  34.]  FILTRATION  OF  WATER.  531 

FiLTBATION   THROUGH   ASHES. 

Filter  JVo.  86. 

Filter  No.  86  was  first  put  in  operation  on  May  28, 1897,  and  con- 
tains 48  inches  in  depth  of  coal  ashes.  Merrimack  River  water  was 
applied  to  it  at  an  average  rate  of  4,206,000  gallons  per  acre  daily 
daring  the  three  months  of  1897  that  it  was  operated,  and  the  efflu- 
ent of  the  filter  was  clear  and  odorless,  and  the  removal  of  organic 
matter  from  the  applied  water  was  equal  to  the  removal  obtained  by 
the  best  of  our  sand  filters.  The  effluent  was  slightly  harder  than 
the  river  water,  and  the  bacterial  efficiency  very  much  poorer  than 
that  of  our  best  sand  filters.  The  filter  was  again  put  into  opera- 
tion on  May  1,  1898,  and  continued  until  October  31  of  the  same 
year.  During  this  period  the  rate  of  filtration  was  approximately 
3,000,000  gallons  per  acre  daily,  and  the  effluent  was  well  purified 
from  a  chemical  point  of  view.  During  this  year  the  hardness  of 
the  effluent  was  somewhat  less  than  during  1897,  and  the  bacterial 
results  obtained  were  very  much  better.  It  was  noticed,  however, 
that  jB.  coli  came  through  in  large  numbers  on  several  of  the  days 
during  its  period  of  operation  in  1898,  even  on  days  when  the  total 
number  of  bacteria  present  in  the  effluent  was  low.  The  surface  of 
the  filter  has  not  clogged  during  its  period  of  operation  in  1897 
and  1898,  and  hence  has  been  neither  raked  or  scraped.  The 
following  tables  show  the  bacterial  and  chemical  analyses  of  the 
effluent :  — 
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Average  Daily  Number  of  Bacteria  per  OtUric  CentimeUr  in  Effluent  from  FOter 
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Effluent  ofFiUer  No.  86. 

[Put*  per  100,000.] 
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Method  of  Differentiation  of  Bacillus  Coli  Cobimunis,  em- 
ployed AT  THE  Lawrence  Experiment  Station,  used  as  a 
Test  to  determine  the  Presence  of  Sewage  Bacteria  in 
Water. 

The  bacillus  colt  communis  is  the  characteristic  organism  of  human 
feeces,  occurring  in  large  numbers  in  sewage  and  in  greater  or  less 
numbers  in  all  sewage-polluted  waters. 

The  method  used  in  testing  for  B.  coli  is  a  combination  of  the 
tests  generally  employed  in  species  determinations,  modified  and 
adapted  to  the  routine  handling  of  a  number  of  samples  daily.  The 
details  have  all  been  determined  by  experiment  to  be  those  most 
favorable  for  rapid  and  accurate  differentiation. 


Cultural  Characteristics, 

The  cultural  characteristics  of  the  colon  bacillus  are  as  follows  :  — 

Agar.  —  On  the  surface  of  glycerine  agar  it  produces  a  luxuriant, 
smooth,  moist,  white  growth,  which  is  never  stringy  to  the  needle. 

Gelatine,  —  It  grows  well  in  nutrient  gelatine,  without  liquefying 
that  medium. 

Lactose-Litmus-Agar.  —  In  neutral  agar,  containing  milk  sugar 
and  blue  litmus,  it  grows  rapidly,  producing  acid  and  turning  the 
litmus  red  around  the  colonies. 
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MUh.  —  Grown  in  milk,  acid  is  produced  and  the  milk  is  quickly 
coagalated. 

dmitKa  Solution.  —  In  bouillon  containing  glucose,  fermentation 
at  once  takes  place ;  contained  in  a  bent  tube  with  one  arm  closed, 
the  gas  is  collected  in  the  closed  arm  of  the  tube. 

Nitrate  Solution.  —  In  nutrient  solution,  containing  small  amounts 
of  potassium  nitrate,  the  nitrate  is  quickly  and  completely  reduced 
to  nitrite. 

Indol.  —  In  solutions  containing  small  amounts  of  peptone  and 
salt,  or  in  bouillon  free  from  carbohydrates  and  containing  peptone 
and  salt,  indol  is  produced. 

Method. 

The  method  employed  in  testing  waters  for  B,  coli  communis 
varies  slightly  with  the  character  of  the  water  under  examination. 
For  waters  in  which  B.  coli  is  very  rarely  found,  a  qualitative  test 
is  used;  while,  for  wat<ers  generally  containing  that  organism  in 
some  numbers,  a  quantitative  method  is  used. 

The  qualitative  test  consists  in  inoculating  a  Smith  tube,  contain- 
ing glucose-bouillon,  with  one  cubic  centimeter  of  the  water.  This 
tube  is  set  away  in  an  incubator,  automatically  kept  at  a  tempera- 
ture of  38^  C.  If,  after  twelve  hours'  growth,  gas  has  collected  in 
the  closed  arm,  the  tube  is  taken  out  and  complete  species  tests 
made.  The  absence  of  gas  is  final,  there  being  no  B.  coli  in  the 
water. 

Some  of  the  bouillon  from  the  fermented  tube  is  now  diluted  with 
sterile  water,  and  a  portion  plated  on  lactose-litmus-agar.  This 
plate  is  grown  for  twelve  hours  in  the  incubator  at  38^  0.  If  at 
the  end  of  this  time  any  red  colonies  are  found  on  the  plate,  a  few 
of  these  are  fished  to  agar  slants  and  grown  twelve  hours,  as  before. 
If  this  culture  resembles  B.  coli^  tubes  of  Smith's  solution,  milk, 
nitrate  solution  and  Dunham's  solution  are  inoculated  with  it,  and  a 
gelatine  stab  is  made.  The  Smith  tubes,  nitrate  solution  and  milk 
are  grown  twelve  hours  at  38^  C.  The  Dunham's  solution  is  grown 
at  the  same  temperature  for  three  days.  The  gelatine  must  be 
grown  at  2(P  C.  for  at  least  seven  days.  Some  species  of  bacteria, 
resembling  B.  coli  closely,  will  liquefy  the  gelatine  very  slowly. 
A  culture  which  gives  characteristic  reactions  with  all  of  the  above 
media  belongs  to  the  colon  group  undoubtedly. 
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In  quantitatire  work,  when  dealing  with  waters  in  which  B.  colt 
is  known  to  be  present,  the  preliminary  test  on  Smith's  solution  is 
omitted.  One  cubic  centimeter  of  the  water  is  plated  direct  on 
lactose-litmus-agar,  and  the  plates  grown  twelve  hours  at  38^  C. 
At  the  end  of  this  time  the  plates  are  taken  out  and  the  number  of 
red  colonies  counted.  If  the  number  is  small,  all  of  the  colonies 
are  fished  to  agar  slants ;  if,  however,  the  number  is  large,  a  few 
representative  colonies  are  chosen  as  an  average  of  the  whole  num- 
ber, and  are  fished  as  before.  The  agar  slants  are  grown  over 
night  at  38^  C,  and  the  cultures  so  obtained  are  examined  and  tested 
exactly  as  those  obtained  in  the  qualitative  method. 

The  reason  for  employing  the  qualitative  method,  instead  of 
using  the  plate  method,  is  that  the  test  is  more  delicate.  We  have 
frequently  found  that  duplicate  determinations  gave  B.  colt  present 
by  the  gas  test  and  absent  by  the  plate  method.  This  is  probably 
due  to  the  influence  of  the  slightly  alkaline  media,  and  to  the  fact 
that  better  development  is  always  obtained  in  fluid  than  in  solid 
media.  The  test  also  requires  less  time  in  manipulation  and  less 
room  in  the  incubator. 

The  accuracy  of  these  tests  depends  largely  on  attention  to  the 
seemingly  minor  details  of  time  of  growth,  temperature,  reaction 
and  composition  of  media.  B.  coli  will  develop  well  at  a  tempera- 
ture of  38°  to  40°  C.  in  from  eight  to  twelve  hours.  The  thermal 
death  point  of  most  species  of  water  bacteria  lies  below  that  tem- 
perature, and  some  species,  which  would  grow,  require  more  time, 
usually  thirty-six  to  forty-eight  hours,  for  development. 

Preparation  of  Media. 

Glycerine  Agar.  —  Meat  bouillon  is  first  prepared  by  soaking 
500  grams  of  finely  chopped  lean  beef  in  1  liter  of  water  over 
night.  The  juice  is  then  pressed  out,  boiled  fifteen  minutes,  and 
the  coagulated  matter  filtered  out.  To  this  is  added  1  per  cent, 
peptone  and  1  per  cent,  chopped  agar-agar.  It  is  usual  to  soak  the 
agar  in  a  known  volume  of  water,  and  make  allowance  for  the  extra 
water  in  boiling  down.  This  mixture  is  boiled  thirty  minutes,  the 
evaporated  water  replaced,  the  solution  titrated,  and  normal  sodium 
hydrate  solution  added  in  sufficient  amount  to  make  the  solution 
neutral  to  phenolphthalein.  We  now  boil  for  one  hour,  replace 
water  and  titrate  again,  and  add  normal  hydrochloric  acid  to  make 
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the  acidity  of  the  media  aboat  15^,  Fuller's  scale  (see  annual  report 
of  Board  for  1895,  page  591)  •  The  solution  is  now  filtered  through 
cloth  and  wet  cotton  until  clear,  3  per  cent,  glycerine  is  added,  and 
the  media  tubed  and  sterilized.  Slants  are  made  by  allowing  the 
melted  media  to  harden  with  the  tubes  laid  on  one  side  in  a  sloping 
position. 

Lactose  Agar.  —  Lactose  agar  is  prepared  from  the  neutral  agar 
by  adding  2  per  cent,  powdered  lactose,  cooking  ten  minutes  and 
adding  caustic  soda  solution  to  make  the  reaction  of  the  media 
about  minus  five,  Fuller's  scale.  Some  change  in  reaction  takes 
place  in  sterilizing,  and  the  media,  as  used,  is  nearly  neutral.  The 
media  is  tubed  and  sterilized,  and  enough  strong  aqueous  solution 
of  litmus  is  added,  just  before  using,  to  turn  it  a  dark  blue. 

Smithes  Solution.  —  Smith's  solution  or  glucose  bouillon  is  pre- 
pared from  the  meat  bouillon  by  adding  1  per  cent,  peptone  and  2 
per  cent,  glucose,  cooking  fifteen  minutes  and  neutralizing  with 
caustic  soda  solution.  It  is  then  filtered  through  wet  paper,  run 
into  Smith  tubes  and  sterilized. 

MUk.  —  Fresh  milk  is  heated  for  fifteen  minutes,  cooled  and  set 
in  ice  chest  over  night.  In  the  morning  the  clear  milk  is  separated 
from  the  cream,  tubed  and  sterilized. 

Nitrate  Solution.  —  One-tenth  of  one  per  cent,  peptone  and  two- 
hundredths  of  one  per  cent,  potassium  nitrate  are  dissolved  in  dis- 
tilled water,  heated  ten  minutes,  filtered  through  paper,  tubed  and 
sterilized.  To  test  for  presence  of  nitrite,  add  a  few  drops  of  a 
mixture  of  equal  parts  of  the  following :  A  =  10  grains  naphtha- 
lamine  dissolved  in  10  cubic  centimeters  of  strong  hydrochloric 
acid,  and  made  up  to  one  liter  with  distilled  water ;  B  =  10  grams 
sulphanilic  acid,  dissolved  in  10  cubic  centimeters  concentrated 
sulphuric  acid,  and  made  up  to  one  liter  with  distilled  water. 

DunhanCs  Solution.  —  Dissolve  1  per  cent.  Witte's  peptone  and 
half  of  1  per  cent,  of  common  salt  in  water,  heat  ten  minutes,  filter, 
tube  and  sterilize.  To  test  for  indol  add  1  cubic  centimeter  of 
sodium  nitrite  solution  and  1  cubic  centimeter  of  sulphuric  acid, 
and  a  pink  color  will  appear  if  indol  is  present. 


No.  34.]  FILTRATION  OF  WATER.  537 

JPrecautions  and  Hints  on  Manipulation, 

All  media  containing  sagar,  glucose  or  lactose  should  be  steril- 
ized in  the  Arnold  for  thirty  minutes,  three  successive  days.  Other 
media  are  more  conveniently  sterilized  in  the  Autoclave  at  a  press- 
ure of  fifteen  to  twenty  pounds.  Fifteen  minutes  is  sufficient.  Care 
should  be  observed  to  remove  gas  from  closed  arm  of  Smith  tubes 
immediately  after  sterilizing,  as  it  is  reabsorbed  on  cooling,  and 
will  give  false  tests  when  placed  in  the  incubator. 

In  making  plates  with  laotose-litmus-agar  it  is  better  to  turn  the 
plates  upside  down  before  placing  in  the  incubator.  Spreaders  are 
thus  avoided,  and  pure  cultures  are  more  easily  obtained. 

In  testing  for  indol  it  is  well  to  keep  the  tubes  cold.  The  re- 
action in  warm  solution  is  apt  to  go  too  far,  and  the  characteristic 
color  to  be  destroyed. 
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By  H.  W.  Clark,  Chemistofthe  Board, 


[68»] 


AN  INVlSTIflATION  Of  Til  ACTION  Of  WATIK  UPON  LEAD,  TIN  AND  ZINC,  WITH 

I8PICIAI  KlflKINCI  TO  TIS  D8I  Of  LEAD  PIPI8  WITH 

lASSACIUSmS  WATIK  SDPPII18. 


By  H.  W.  Olabk,  OlMmUt  of  the  Board. 


DuriDg  the  past  two  years  an  inyestigation  has  been  carried  on 
by  the  State  Board  of  Health,  in  order  to  learn  the  nature  and 
degree  of  the  action  of  the  waters  of  the  various  public  water  sup- 
plies of  the  State  upon  lead,  in  such  towns  as  use  lead  or  lead-lined 
service  pipes,  and  to  ascertain  &cts  in  regard  to  the  occurrence  of 
lead-poisoning  in  these  towns.  This  investigation  was  undertaken 
on  account  of  a  large  number  of  cases  of  lead  poisoning  in  several 
of  the  towns  of  the  State,  which  were  upon  investigation  found  to 
be  due  to  the  fact  that  the  water  supplied  publicly  to  these  towns  was 
of  such  a  character  as  to  actively  attack  lead,  and  cause  an  appreci- 
able amount  of  lead  to  be  taken  constantly  into  their  systems  by 
persons  who  habitually  used  these  waters  drawn  through  lead  pipes. 

When  the  investigation  was  begun,  communications  had  been 
received  from  the  water  department  officials  of  136  of  the  cities  and 
towns  of  the  State  in  regard  to  the  use  or  non-use  of  lead  service 
pipes  by  them.  Sixty-five  of  these  municipalities  reported  that  no 
lead  service  pipes  were  in  use,  and  71  reported  the  use  of  lead  or 
lead-lined  service  pipes.  Of  the  71  towns  reporting  the  use  of 
lead  or  lead-lined  service  pipes,  7,  namely,  Ashburnham,  Everett, 
Fall  River,  Lexington,  Milford,  South  Hadley  and  Warren,  reported 
that  all  the  service  pipes  in  use  were  lead;  2,  namely,  Easton  and 
Millbury,  reported  that  all  the  service  pipes  in  use  were  lead-lined  ; 
and  1,  namely  Stoughton,  reported  that  all  the  service  pipes  in  use 
were  either  lead  or  lead-lined ;  14  other  municipalities  reported  that 
more  than  50  per  cent,  of  the  service  pipes  in  use  were  lead  or  lead- 
lined  ;  while  the  remaining  towns  furnished  reports  showing  the  use 
of  lead  pipes  in  very  different  proportions,  varying  from  1  service 
pipe  up  to  50  per  cent,  of  the  service  pipes ;  but  in  most  of  these 
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towns  only  a  very  few  lead  service  pipes  were  in  use.  It  is  prob- 
able, however,  that  in  all  of  these  places  many  houses  are  piped 
with  lead  beyond  the  service  pipe. 

During  the  past  two  years  we  have  examined  in  this  laboratory, 
for  lead,  about  800  samples  of  water,  from  63  different  towns  and 
cities.  Many  of  the  samples  taken  have  really  required  two  anal- 
yses, in  order  to  determine  both  the  lead  in  solution  and  that  in 
suspension.  From  30  of  the  municipalities  one  or  more  series  of 
samples  have  been  taken ;  the  cities  and  towns  from  which  these 
series  were  taken  being  selected  partly  because  of  the  large  amount 
of  lead  pipe  in  use,  and  partly  because  of  real  or  supposed  cases  of 
lead  poisoning  in  these  towns. 

When  the  work  of  determining  the  amount  of  lead  in  the  varioas 
water  supplies  was  begun  in  this  laboratory,  the  method  of  analysis 
previously  used  by  Dr.  Worcester,  of  the  food  and  drug  laboratory 
of  the  Board,  was  employed.  This  was  a  colorimetric  method,  by 
which,  after  preliminary  treatment  of  the  sample,  small  amounts  of 
lead  could  be  determined  in  solution,  by  noting  the  color  obtained 
when  the  lead  was  precipitated  as  sulphide  by  hydrogen  sulphide. 
This  method  as  first  used  was  not  entirely  satisfactory  to  us,  as  the 
colors  obtained  were  at  times  difficult  to  read.  Experiments  were 
therefore  made,  as  the  work  progressed,  to  improve  it,  if  possible ; 
and,  with  Dr.  Worcester's  method  as  a  basis,  a  fairly  satisfactory 
method  of  analysis  has  been  worked  out,  by  which  very  minute 
quantities  of  lead  can  be  determined  with  considerable  accuracy,  — 
an  accuracy  much  greater,  we  believe,  than  would  result  if  any 
gravimetric  method  were  used  in  dealing  with  the  small  quanti- 
ties of  lead  found  in  one  gallon  of  most  of  the  samples  of  water 
examined.  An  appended  paper  describes  the  first  method  em- 
ployed, together  with  the  various  steps  by  which  it  was  improved, 
and  a  description  of  the  method  now  in  use,  together  with  certain 
experiments  to  indicate  the  accuracy  of  the  method. 

Sheets  showing  the  analyses  of  all  samples  examined  during  this 
investigation,  together  with  the  data  in  regard  to  age,  size  and 
length  of  pipes,  and  length  of  time  that  the  sample  of  water  exam- 
ined remained  in  the  pipe,  are  on  file  in  the  office  of  the  engineer 
of  the  Board. 

There  is  given  below  a  list  of  the  cities  and  towns  from  which 
samples  of  water  have  been  collected  for  the  determination  of  lead. 
Opposite  the  name  of  each  place  is  given  the  greatest  amount  of  lead 
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found  in  any  sample  of  water  from  this  town  which  has  been  exam- 
amined.  The  asterisk,  placed  after  the  figures  giving  the  amount  of 
lead  present,  indicates  that  the  amount  of  lead  found  in  this  sample 
was  very  much  greater  than  the  average  amount  in  the  samples  from 
this  city  or  town. 

List  of  Cities  and  Tovyna, 


AetoD,     .       • 
AndoTer, 
AshbarnlMm, 
Attleborongb, 
Berlin,     . 
Boaton,    . 
Bridg«w«t«r,  • 


Chleopee,  two  lyttooM, 


CohMMt, 

CoDoord, 

Baston,    . 

BTeratt,  . 

FklrhATeiit 

FtftUBlTar, 

FnmlDghMB, 

HaTMrUU« 

Hol70k6» 

KiidaoB,  • 

Ipcwtoh,  • 

KlBfrtOD, 


LaziogtoOf 
Lowall,    . 
MaldMi,  . 
Muiboroagb, 
Madwaj, 
MalroM,  . 
Madman, 
Mlddlabonmgh, 
Mllford.  . 


Le«d(ParU 
p«r 

100,000)  .t 


.1880 
.0618 
.8708 
.8800 
.1778 
.64S4* 
.0618 
.1402 
.7164* 
.0028 
.1888* 
.6260* 
.0906 
.6866 
.0024* 
.0684 
.0684 
.0171 
.0068 
.0874* 
.6674 
.0188 
.8460* 
.0171 
2.0440* 
.2808 
.0086 
.2014 
.0088 
.0142 
.1727 
.4700 


MiUbnry,      .       . 
Nantueket,    .       . 
Naadbam, 
New  Bedford, 
Newton, 

Nortb  Aodover,   • 
Nortb  AUleboroagb, 
Nortbfleld,    . 
Norwood,     • 
Palmer, 
PltUfleld,      . 
Plymoatb,     . 
Qniney, . 
Beading, 

Bevere, ... 
Bockland,     . 
Bntland, 
Sbaron, . 

Sbelbnme  Falls,  . 
Sontbborongb,     . 
Sontbbrldge, 
Sontb  Hadley, 
Sontb  Hanover,    . 
Springfield,  . 
Stongbton,    . 
Walpole, 
Warren, 
WeUealey,    . 
Wellealey  Farma, 
Weat  Brookfleld, . 
Weymontb,  . 
WlUUmatown,     . 


Lead  (Parts 

per 

100,000). 


.1820* 
.0406 
.0688 
.4407* 
.0610 
.1808 
.0108 
.0181 
.1061 
.1727 
.0086 
.0082 
.0888 
.0292 
.0842 
.1664 
.0410 
.0467 
.0068 
.0086 
.1016 
.8604 
.0287 
.1848 
.4880 
.0840 
.0868 
.0180 
.0086 
8.6460 
.1676 
.0142 


t  Parts  per  100,000  X  .688  =  graina  per  United  Sutea  gallon. 
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A  number  of  the  analyses  given  here  are  of  samples  from  wells  ui 
certain  towns  which  have  no  public  water  supply,  and  the  samples 
were  forwarded  to  this  laboratory  for  analysis  because  the  water 
was  suspected  of  being  the  cause  of  cases  of  lead  poisoning. 

One  or  more  series  of  samples  have  been  taken  from  Ashbum- 
ham,  Boston,  Chicopee,  Concord,  Easton,  Fairhaven,  Fall  River, 
Framingham,  Haverhill,  Ipswich,  Kingston,  Lawrence,  Lexington, 
Lowell,  Maiden,  Methuen,  Milford,  Millbury,  New  Bedford,  Nor- 
wood, Palmer,  Reading,  Revere,  Rockland,  Sharon,  South  Hadley, 
Springfield,  Stoughton,  Warren  and  West  Brookfield,  and  the  work 
is  still  in  progress. 

The  four  following  tables  summarize  the  results  in  regard  to  the 
lead  found  in  the  series  of  samples  taken  from  the  towns  just 
named ;  the  first  table  being  an  arrangement  of  ground-water  supplies 
according  to  the  maximum  amount  of  lead  found  in  the  samples 
taken  after  the  water  had  stood  in  the  pipes  for  a  number  of  hours, 
and  the  second  being  an  ari'angement  of  ground-water  supplies 
according  to  the  average  amount  found  in  the  samples  when  the 
water  was  in  ordinary  daytime  use.  The  third  and  fourth  tables 
are  similar  arrangements  of  samples  from  surface-water  supplies. 
The  tables  also  show  the  minimum  amounts  of  lead  found  both  in 
samples  taken  when  the  water  was  in  ordinary  daytime  use,  and  in 
samples  taken  after  the  water  had  stood  in  the  pipes  for  a  number 
of  hours ;  also  the  average  of  the  sets  of  samples. 
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Table  No.  1. 

Lead  in  Samples  of  Water,  —  Qround  Waters^  arranged  according  to  Maximum 
Amount  of  Lead  found  after  Water  has  stood  in  Pipes, 

[Parts  per  100,000.] 


Haxiaram 
Amoant. 


Mlnimnm 
Amoont. 


Locality. 


In  ordinary  nie,    . 
After  etanding  in  pipe. 

In  ordinary  nee,     . 
After  atandiog  in  pipe, 

In  ordinary  nae,     . 
After  atandtng  in  pipe, 

In  ordinary  nie,     . 
After  etanding  In  pipe, 

In  ordinary  nie,    . 
After  standing  in  pipe. 

In  ordinary  qm,    . 
After  etanding  In  pipe, 

In  ordinary  nee. 
After  eUndlng  in  pipe. 

In  ordinary  nee,     . 
After  etanding  In  pipe, 

In  ordinary  use,     . 
After  etandlog  in  pipe. 

In  ordinary  nee*    • 
After  standing  in  pipe. 

In  ordinary  nee,    . 
After  etandlog  In  pipe, 

In  ordinary  nse. 
After  standing  In  pipe, 

In  ordinary  nse,    • 
After  standing  In  pipe. 

In  ordinary  nse,     . 
After  etanding  In  plpe» 

In  ordinary  nse*    . 
After  standing  In  pipe. 

In  ordinary  nse,     . 
After  standing  In  pipe, 

In  ordinary  nse. 
After  etanding  In  pipe, 

In  ordinary  nee,     . 
After  standing  in  pipe, 


.0960 
i  .0S07 
[•8.M60 

.01S8 
I     .0414 

fn.0060 

2.0440t 
1.04M 

.8762 
.M66 

.4180 
.6674 

.0666 
.6260 

.8870 
.4700 

.0666 
.8708 

.0408 
.8604 

.0460 
.1820 

.0618 
.0960 

.0860 
.0684 

.0220 
.0488 

.0284 
.0467 

.0171 
.0842 

.0148 
.0292 

.0108 
.0172 


.0142 


.0069 

.0207 

8.2110 

.0009 
.0009 
.0021 

.0084 
.0204 

.0068 
.0446 

.0164 
.0647 

.0284 
.0409 

.0290 
.0820 

.0204 
.0292 

.0284 
.0860 

.0000 
.0000 

.0286 
.0627 

.0068 
.0117 

.0000 
.0068 

.0068 
.0117 

.0067 
.0114 

.0000 
.0020 

.0041 
.0084 


.0000 


.0618) 

.0207 S 

8.8786 ) 

.0092) 
.0288} 
.6774) 

.1899) 
.1988) 

.0969) 
.2481) 

.0944) 
.1962) 

.0414; 
.16071 

.1268) 
.1991) 

.0807) 
.1210 ) 

.0686) 
.1194) 

.0170 ) 
.0840) 

.0487) 
.0779 ) 

.0189) 
.0840) 

.0067) 
.0200) 

.0140) 
.0274) 

.0101  ) 
.0186) 

.0066) 
.0142) 

.0078 ) 
.0108) 


.0068 


I 


West  Brookfleld,  Qnaboag 
Aqoednet  Company. 


West  Brookfleld,  Aqnednet 
Company. 


Lowell. 

Ffelrbaven. 

Kingston. 

Korth  Easton, 

mifoid. 

Ashbnmtiam. 

South  Hadley. 

Millbnry. 

West  Brookfleld,  Cement 
Aqnednet  Company. 

Framlngham. 

Maiden. 

Bharon. 

Revere. 

Beading. 

Lexington. 

ICethnra. 


•  With  the  Weet  Brookfleld  waters,  the  lower  flgnres  give  lead  In  snspenslon,  and  the  flgnres  abovot 
lead  In  solntlon. 

t  At  the  plaee  where  this  sample  was  taken  there  was  abont  800  feet  of  lead  and  lead*Uned  pipe.  No 
Maple  of  the  water  In  the  pipe  a  number  of  hours  taken. 
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Table  No.  2. 

Lead  in  Samples  of  Water, —  Ground  Waters,  arranged  according  to  Average 
Amount  of  Lead  found  when  WcUer  is  in  Ordinary  Use, 

[Purto  per  100,000.] 


Average. 


HezlmQixi 
Amount. 


Minimum 
Amount. 


Locality. 


In  ordinary  neot     ■ 
After  Btandlng  In  pipe, 

In  ordinary  nae,    • 
After  standing  in  plpe» 

In  ordinary  nee,     • 
After  Btandlng  in  pipe, 

In  ordinary  qm,     . 
After  standing  In  pipe. 

In  ordinary  nee,     • 
After  standing  in  pipe. 

In  ordinary  nee,     . 
After  standing  In  pipe, 

In  ordinary  nee*     . 
After  standing  In  pipe, 

In  ordinary  nse. 
After  sundlng  Id  pipe, 

In  ordinary  nse,     • 
After  standing  hi  pipe. 

In  ordinary  use,     • 
After  standing  In  pipe, 

In  ordinary  use,     • 
After  standing  in  pipe, 

In  ordinary  nse,     . 
After  standing  In  pipe. 

In  ordinary  nse,    • 
After  standing  In  pipe, 

In  ordinary  nee,     . 
After  standing  In  pipe. 

In  ordinary  nse,     . 
After  standing  In  pipe. 

In  ordinary  use,     • 
After  standing  In  pipe, 

In  ordinary  nse,    . 
After  standing  In  pipe. 

In  ordinary  nse,     . 
After  standing  in  pipe. 


.1899 

.i9as 

.1268 
.1991 

.0969 
.2461 

.0944 
.1903 

.0618 
I  .0907 
•8.8786 

.0487 
.0779 

.0414 
.1067 

.0886 
.1194 

.0807 
.1810 

.0189 
.0840 

.0170 
.0340 

.0140 
.0274 

.0101 
.0166 

.0008 
(  .0288 
}  •.6774 

.0078 
.0106 

.0067 
.0200 

.0066 
.0142 


.0066 


S.0440 
1.0464 

.8870 
.4700 

.8762 
.6866 

.4189 
.6674 

.0906 

.0207 

8.6460 

.0618 
.0969 

.0666 
.6266 

.0496 
.8604 

.0666 
.8796 

.0360 
.0684 

.0460 
.1820 

.0284 
.0467 

.om 


.0188 

.0414 

1.0660 

.0108 
.0171 

.0229 
.0486 

.0146 


.0084; 
.0204) 

.0164) 
.0188 i 

.0068/ 
.0446) 

.0164) 
.0880) 

.0060) 

.0207 S 

8.2110) 

.0286) 
.0627) 

.0284) 
.0409) 

.0284) 

.0360) 

.0204) 
.0292) 

.0068) 
.0117  ) 

.0000) 
.0000 ) 

.0068) 
.0117  ) 

.0067) 
.0114  ) 


.OUS 


.0069 i 
.0621) 

.0041) 
.0064) 

.0000 
.0068 

.0000) 
.0029) 


.0000 


Lowell. 
Mllford. 
FalrhaFen. 
Kingston. 


West  Brookfletd,  Qaabosf 
Aqnedttot  Company. 

West  Brookfield,  CemeDt 
Aqueduct  Company. 

Baston. 


South  Hadley. 

Aabbumham. 

Framlngham. 

MUlbnry. 

Sharon. 

BeTere. 

WestBrookfield,  Aqoeduct 
Company. 

Lexington. 

lUldeu. 

Beading. 

Methneo. 


•  With  the  West  Brookfleld  waters,  the  lower  figures  give  lead  In  suapenalon,  and  the  flgurea  abovei 
lead  In  solution. 


West  Brookfield  is  supplied  with  water  by  several  small  com- 
panies. The  water  comes  from  springs  on  the  hills,  and  flows  by 
gravity  through  small  lead  mains  to  cisterns  in  the  cellars  of  the 


No.  34.]  ACTION  OF  WATER  UPON  LEAD,  ETC. 


547 


houses  of  the  takers.  From  these  cisterns  it  is  pumped,  and  most 
of  the  lead  taken  from  the  pipes  between  the  springs  and  the  houses 
settles  to  the  bottom  of  the  cisterns,  and  is  not  pumped  with  the 
water  used. 

Table  No.  8. 

Lead  in  Samples  of  Water, —  Surface  Waters,  arranged  according  to  Maximum 
Amount  of  Lead  foufid  after  Water  has  stood  in  Pipes, 

[ParU  per  100,000.] 


Mazlmttm 
Amoant 


MIntmam 
Amoant 


Avenge. 


Locality. 


In  ordinary  nee,     . 
Afier  standing  in  pipe. 

In  ordinary  nie,     . 
After  etanding  in  pipe, 

In  ordinary  nte*     . 
After  aunding  in  pipe. 

In  ordinary  nae,     . 
Alter  tuodlng  in  pipe. 

In  ordinary  nte,     . 
After  etanding  In  pipe, 

In  ordinary  noe,     . 
After  sundlng  In  pipe. 

In  ordinary  qm,     . 
After  standing  In  pipe. 

In  ordinary  noe,    • 
After  etanding  in  pipe. 

In  ordinary  nee.    • 
After  standing  In  pipe, 

In  ordinary  nse,     . 
After  standing  In  pipe. 

In  ordinary  nae,     . 
After  etanding  In  pipe, 

In  ordinary  nee,     . 
After  standing  in  pipe. 

In  ordinary  nse,    . 
After  atandlng  In  pipe. 

In  ordinary  nse,     . 
Afler  atandlng  In  pipe, 

In  ordinary  use,    • 
Afler  etanding  In  pipe, 


.1848 
.TIM 

.0850 
.4407 

.1005 
.4880 

.1110 
.8450 

.0171 
.8061 

.064a 
.8808 

.0100 
.1868 

.1440 
.1727 

.0788 
.1664 

.0404 
.1848 

.0586 
.1052 

.0406 
.1051 

.0281 
.0024 

.0154 
.0674 

.0284 
•0584 


.0467 
.1577 

.0051 
.0445 

.0488 
.0504 

.0062 
.0268 

.0068 
.0406 

.0117 
.0467 

.0000 
.0161 

.0050 
.0220 

.0117 
.0088 

.0000 
.0204 

.0202 
.1022 

.0146 
.0248 

.0000 
.0000 

.0000 
.0000 

.0051 
.0088 


.0788  { 
.8821 i 

.oinj 

.1466) 

.0774 » 
.2178  I 

.0276 j 
.1004  t 

.0000) 
.1778 ) 

.0800/ 
.1066! 

.0060  { 
.06681 

.0511 > 
.0820  1 

.0288  { 
.1057  1 

.0105) 
.06871 

.0400) 
.10871 

.0310) 
.05611 

.0080) 
.02561 

.0081  ( 

.0000} 

.0005) 
.0281  ( 


OhIeopee,  Abbe  system. 

New  Bedford. 

Stongbton. 

Lawrence. 

Boston. 

Maiden. 

Concord. 

Palmer. 

Rockland. 

Springfield. 

Cblcopee,  Oooley  system. 

STorwood. 

Fall  RWer. 

Ipswich. 

HaTerbill. 
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Table  No.  4. 

Lead  in  Samples  of  Water, -^  Surface  Waters,  arranged  aecording  to  Average 
Amount  of  Lead  found  when  Water  is  in  Ordinary  Use, 

[Piurta  per  100,000.] 


Maztmnm 
▲mount. 


Minfmnm 
Amount. 


LOMlttj. 


In  ordinanr  nte,    . 
After  standing  in  ptpe* , 

In  ordinary  nte,     . 
After  etanding  in  pipe. 

In  ordinary  qm,    • 
After  itandlng  in  pipe. 

In  ordinary  nae. 
After  aunding  in  pipe, 

In  ordinary  om,     . 
After  atanding  in  pipe, 

In  ordinary  um,    • 
After  standing  in  pipe. 

In  ordinary  nse,     . 
After  standing  in  pipe. 

In  ordinary  nse,     . 
After  standing  in  pipe. 

In  ordinary  nse. 
After  standing  m  pipe. 

In  ordinary  use,    . 
After  standing  in  pipe. 

In  ordinary  use. 
After  standing  m  pipe. 

In  ordinary  nse,     . 
After  standing  in  pipe, 

In  ordinary  nse,     . 
After  standing  in  pipe, 

In  ordinary  nse,     . 
After  standing  in  pipe. 

In  ordinary  nse,    . 
After  standing  in  pipe. 


f 

.0788 
.8921 

.0774 
.2178 

.0611 
.0829 

.0409 
.1087 

.0810 
.0681 

.0800 
.1066 

.0288 
.1067 

.0276 
.1094 

.0196 
.0687 

.0177 
.1466 

.0099 

.in8 

.0096 
.0281 

.0080 
.0266 

.0060 
.0668 

.0081 
.0090 

.1848 
.7164 

.1096 
.4880 

.1440 
.1727 

.0626 
.1062 

.0496 
.1061 

.0642 
.2808 

.0788 
.1664 

.1110 
.8460 

.0494 
.1848 

.0860 
.4497 

.0171 
.3061 

.0284 
.0684 

.0281 
.0924 

.0190 
.1868 

.0164 
.0874 

.0467) 
.16nj 

.0488) 
.0684) 

.0060 
.0220 

.0292 
.1022 

.0146 
.0248) 

.0117 ) 
.0467 

.0117 
.0068 

.0062 
.0268 

.0000 

.0204 

.0061) 
.0446) 

.0068) 
.0196) 

.0061 
.0088 

•0000) 
.0000 

•0000 
.0161 

.0000 
.0000 

Ohieopee,  Abbe  system. 

Bton^ton. 

Palmer. 

Ohioopee,  Oooley  system. 

Norwood* 

ICalden. 

Rocldand. 


Bprfngfldd. 

Kew  Bedford. 

Boelon. 

Haverhill. 

lUl  River. 

Ooneord. 

Ipcwieh. 


Stoughton  water  is  hard  to  classify,  being  generally,  up  to  a  few 
months  before  the  collection  of  the  samples,  largely  groand  water ; 
when  the  samples  were  collected,  however,  surfieu^e  water  was  in  use 
almost  entirely.  This  change  may  have  affected  and  loosened  or 
corroded  the  coating  on  the  pipes,  and  a  larger  amount  of  lead  foand 
in  the  samples  examined  than  had  generally  been  in  the  water  as  used. 

In  order  to  make  comparisons  between  the  amount  of  lead  found  in 
the  waters  from  the  various  places  during  daytime  use,  and  the  sani- 
tary analyses  of  these  waters,  the  following  sets  of  tables  are  pre- 
sented, the  first  set  being  of  the  ground  waters .  The  sanitary  analyses 
used  are  of  the  waters  at  or  near  the  date  of  collection  of  the  samples 
for  the  determination  of  lead. 
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Table  showing  Oamparigan  between  Color  and  Lead, -^  Arranged  in  Order  of 

Degree  of  Color. 

[PftrU  per  100,000.] 


Oolor. 

Lead. 

Color. 

Lead. 

Lexington, 

.87 

.0078 

Kingston, . 

.07 

.0044 

Heeding,  . 

.80 

.00(6 

Sonth  Hedley, . 

.06 

.0886 

Aebbnrnbem,  . 

.24 

.0807 

Bevere,     • 

.05 

.0101 

Lowell,     • 

.18 

.1800 

Maiden,    .       . 

.02 

.0057 

IfUford,    .       < 

.U 

.1258 

Beaton,     • 

.01 

.0414 

Ftamioghem,  , 

.00 

.0180 

MUlbnry,  •       < 

.00 

.0170 

Methnen,  . 

.08 

.0060 

Sharon,     . 

.00 

.0140 

FelrheTen, 

.08 

.0060 

Table  showing  Comparison  between  Total  BoUds  and  Lead. — Arranged  in  Order 

of  Amount  of  Total  Bolids. 

[ParU  per  100,000.] 


Toul 
8oUds. 

Lead. 

Total 
Solids. 

Lead. 

Maiden,    .       •       .       . 

28.10 

.0067 

Kingston,  • 

6.60 

.0044 

Beading,  . 

10.70 

.0065 

Beaton,     • 

4.60 

.0414 

Bevere,     • 

14.80 

.0101 

MUlbnry, .       .       . 

4.40 

.0170 

Sliaron,     . 

8.80 

.0140 

Lexington, 

4.06 

.0078 

Ffttmingham,  . 

7.16 

.0180 

Aabbttmbam,  . 

8.80 

.0807 

Meilinen,  . 

7.00 

.0066 

MUfoid,    .       .       . 

2.80 

.1268 

Lowell, 

6.66 

.1890 

Sonth  Hadlej,  • 

2.25 

.0886 

FalrlMTen, 

6.00 

.0050 

Table  showing  Comparison  between  Free  Ammonia  and  Lead. — Arranged  in 

Order  of  Amount  of  Free  Ammonia. 

[Peru  per  100,000.] 


Free 
Ammonia. 


Lead. 


Klttgaton,  • 
Lowell,  . 
Lexington, 
Seeding,  . 
Bevere,  • 
MUlbnry,  . 
Fremlnghem, 
Maiden,    . 


.0074 
.0074 
.0088 
.0088 
.0014 
.0010 
.0008 
.0008 


.0044 


.0078 
.0055 
.0101 
.0170 
.0180 
.0057 


Free 
Ammonia. 


MUford,  . 
Aahbnmhem, 
Fklrheven, 
Methnen,  . 
Beeton,  . 
Sonth  Hadley, 
Sharon,    • 


.0007 
.0006 
.0002 

.0002 
.0000 
.0000 
.0000 


.1258 
.0807 
.1086 
.0056 
.0414 
.0886 
.0140 
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Table  shounng  Comparison  between  Oxygen  consumed  and  Lead.  —  Arranged  in 

Order  of  Amount  of  Oxygen  consumed, 

[Parte  per  100,000.] 


Oxygen 
Ooiunmed. 


Lead. 


LexlDgtOD, 
Reading,  . 
Atbbarnham, 
MUford,  . 
ICethnen,  . 
Falrhaven, 
Lowell,  . 
South  Hadley, 


.8000 
.8900 
.2700 
.9000 

.1620 
.1180 
.1020 
.1000 


.0078 
.0056 
.0807 
.1268 
.0060 
.0060 
.1809 
.0886 


Oxygen 
Consumed. 


Framinghanii 
MUlbnry,  . 
KingitoD,  • 
Maiden,  • 
Baston,  • 
Sharon,  . 
Revere,     • 


.0720 
.0688 
.0820 
.0820 
.0200 
.0200 
.0100 


.0188 
.0170 
.0M4 
.0057 
.0414 
.0140 
.0101 


Table  showing  Comparison  between  Chlorine  and  Lead,  ^^ Arranged  in  Order  of 

Amount  of  Chlorine, 

[ParU  per  100,000.] 


Chlorine. 


Lead. 


Kalden,  • 
Revere,  . 
Sharon,  . 
Fairhaven, 
Framingham,  . 
Elngeton, . 
Easton,  • 
Lowell,     . 


8.04 
1.42 
1.08 
0.00 
0.08 
0.88 
0.44 
0.42 


.0057 
.0101 
.0140 
.0060 
.0180 
.0044 
.0414 
.1800 


Chlorine. 


Lead. 


Reading,  . 
Lexington, 
Methnen,  . 
llilford,  • 
Millbury,  . 
South  Hadley, 
Aahbnmham, 


0.41 

.0055 

0.87 

.0078 

0.28 

.0058 

0.22 

.1258 

0.10 

.0170 

0.18 

.0885 

0.12 

.0807 

Table  showing  Comparison  between  Nitrates  and  Lead, — Arranged  in  Order  of 

Amount  of  Nitrates, 

[ParU  per  100,000.] 


Nitrates. 


Lead. 


Maiden, 
Sharon,     , 
Revere, 
Eaeton,     . 
Fairhaven, 
Kingston, 
Lowell,     . 
MiUbury, 


.8800 
.2620 
.1000 
.0600 
.0400 
.0800 
.0800 
.0280 


.0067 
.0140 
.0101 
.0414 
.0060 
.OOU 
.1880 
.0170 


Nltratee. 


Lead. 


Mllford,  . 
Framingham, 
Lexington, 
Reading,  • 
Methnen,  . 
South  Hadley, 
Aihbumham, 


.0170 
.0180 
.0160 
.0070 
.0080 
.0020 
•0000 


.IXM 
.0188 

•oon 
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TcUfle  showing  Comparison  between  Hardness  and  Lead,  —  Arranged  in  Order  of 

Degree  of  Hardness, 

[PaiU  per  100,000.] 


HardntM. 

Leed. 

Hardnces. 

Lead. 

Mald«D 

14.6 

.0067 

Lexington, 

.0078 

Beading,  .... 

.0066 

Fatrbeyen, 

.0060 

BevMre,     .... 

.0101 

KingitoD, . 

.0044 

Iffethoen,  .... 

.0060 

Baeton,     • 

.0414 

FmnlDghaiD,  . 

.0180 

Aehburoham,  . 

.0807 

filttroii,     .... 

.0140 

Milford,    .       , 

.1258 

Lowell 

2.8 

.1800 

Booth  Hadley, , 

.0886 

MlUbury 

1.0 

.0170 

The  following  tables  are  of  a  similar  series,  to  make  the  same 
comparisons  as  in  the  previous  tables,  but  of  the  sur&ce  waters 
examined :  — 

Table  showing  Comparison  between  Color  and  Lead.  —  Arranged  in  Order  of 

Degree  of  Color. 

[Paili  per  100,000.] 


Color. 

Lead. 

Color. 

LewL 

New  Bedford,  . 

.86 

.0177 

FallBlTer,              .       . 

.20 

.0080 

Boeton,     • 

.66 

.0000 

Stonghton, 

.16 

.0774 

Palmer,    . 

.60 

.0611 

Bockland, 

.14 

.0388 

Lawrence,        • 

.40 

.0270 

Concord,  .... 

.18 

.0060 

Halden,     .       .       . 

.40 

.0800 

Norwood, 

.10 

.0810 

Springfield,      • 

.84 

.0196 

Ohioopee,. 

.07 

.0788 

Ipewieh,    . 

.82 

.0081 

Table  showing  Comparison  between  Total  Solids  and  Lead. — Arranged  in  Order 

of  Amount  of  Total  Solids. 

[Parte  per  100,000.] 


Total 
8ohd«. 

Lead. 

Total 
SolldB. 

Lead. 

BoetOD,     .... 

6.86 

.0000 

CMoopee, .... 

8.86 

.0788 

Ipewieh,    ... 

6.20 

.0081 

Bockland, 

8.86 

.0288 

Maiden 

6.16 

.0800 

Bpringfleld,      •       . 

8.20 

.0106 

FtaOBlTer, 

4.02 

.0080 

Stonghton, 

8.00 

.0774 

Lawreoee, 

4.40 

.0270 

Concord,  •       •      •       • 

2.00 

.0000 

Palmer,    •       .       •      . 

4.00 

.0611 

Norwood,. 

2.46 

.0810 

New  Bedford,  . 

8.76 

.0177 
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Table  showing  Comparison  between  Free  Ammonia  and  Lead. — Arranged  in  Order 

of  Amount  of  Free  Ammonia, 

[PtU  per  100,000.] 


Lawrence, 
Ipewlch,  • 
New  Bedford, 
Norwood,  • 
Springfield, 
Boeton,  . 
Flidl  Blver, 


Free 
Ammoota. 


.O0T8 
.0060 
.0090 
.OOU 
.0013 
.0006 
.0007 


Lead. 


.0276 
.0081 

.om 

.0810 
.0196 
.0099 
.0060 


Obloopee, . 
Palmer,  • 
Maiden,  . 
Concord,  • 
Stonghton, 
Rockland, 


FfM 


.0006 
.0006 
.0004 
.0004 
.GOOD 
.0000 


0718 
0511 


oni 


Td^le  showing  Comparison  between  Oxygen  consumed  and  Lead, — Arranged  m 

Order  of  Amount  of  Oxygen  consumed. 

[Parte  per  100.000.] 


Boeton,  . 
New  Bedford, 
ICalden,  . 
Palmer,  . 
Fall  River, 
Lawrence, 
Ipewleh,    . 


Oxygen 
Ooneomed. 


.8100 
.6960 
.6160 
.6224 
.4080 
.4000 
.8200 


Lead. 


•0099 

.0177 
•0809 
.0611 
.0000 
.0276 
.0081 


Norwood, . 
Springfield, 
Rockland,. 
Concord,  • 
Stonghton, 
Chioopee, . 


Oaygen 
CooMUDed. 


Leed. 


.8010 
.8040 


.2160 
.1600 
.1860 


.cno 

.0186 


.0T74 
•0788 


Table  showifig  Comparison  between  Chlorine  and  Lead. — Arranged  in  Order  of 

Amount  of  Chlorine, 

[Parte  per  100,000.] 


Chlorine. 

Lead. 

Chlorine. 

Lead. 

Fall  River, 

0.77 

•0060 

Stonghton,       •       • 

0.82 

.on4 

Ipewlch,   . 

0.68 

•0081 

Concord,  •       .       •       • 

0.80 

.0960 

Roektend, 

0.64 

•0888 

Lawrence, 

0.28 

.«S76 

New  Bedford, . 

0.68 

.oin 

Springfield, 

0.18 

.0195 

Boeton,     • 

0.46 

.0099 

Chicopee, .       •       •       • 

0.15 

•8768 

ICalden,    .       . 

0.41 

•0809 

Palmer,     .       .       •       • 

0.15 

.65U 

Norwood, 

0.86 

•0610 
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Table  showing  Comparison  between  Nitrates  and  Lead.  —  Arranged  in  Order  of 

Amount  of  Nitrates. 

[ParU  p«r  100,000.] 


Boston, 


Ipswteh,   . 
FkURlvor. 
Chkopeo,. 
Bprlngliold, 
Palmer.     • 


NItratM. 


.0280 
.0290 
.0180 
.OUO 
.0080 
.0080 
.0060 


.0000 
.0270 
.0061 
.0060 
.0T88 
.0105 
.0511 


New  Bedford, 
Stonghton, 
Maldeo,    . 
Bookland, 
Norwood, 
Ooooord,  . 


Nltratei. 


.0050 
.0080 
.0080 
.0020 
.0010 
.0010 


Lead. 


.0177 
.0774 
.0800 
.0286 
.0810 
.0060 


Table  showing  Comparison  between  Hardness  and  Lead. — Arranged  in  Order  of 

Degree  of  Hardness. 

[ParU  per  100,000.} 


HardDMt. 

Lead. 

« 

HardiNM. 

Lead. 

Lawrence, 

2.S 

.0270 

Ohloopee,. 

0.8 

.0788 

Ipewieh,   . 

S.2 

.0081 

Oonoord,  .... 

0.8 

.0060 

Maiden,    .       . 

a.o 

.0600 

Roekland, 

0.0 

.0288 

Boeton,     • 

1.8 

.0000 

New  Bedford,  . 

0.6 

.0177 

VkUBiver, 

1.4 

.0080 

BtoQghton, 

0.5 

.0774 

Palmer,    • 

1.1 

.0511 

Norwood, 

0.5 

.0810 

Springfield, 

1.0 

.0105 

These  tables,  making  a  comparison  of  the  sanitary  analyses  of 
some  of  the  waters  examined  for  lead  with  the  amount  of  lead  found 
in  these  waters,  do  not  show  very  clearly  the  reasons  why  some 
waters  attack  lead  and  others  do  not.  They  apparently  indicate,  how- 
ever, that  the  surface  waters  having  the  greatest  amount  of  solids 
and  chlorine  and  the  greatest  degree  of  hardness  take  the  least  lead 
from  the  pipes;  while,  with  the  ground  waters,  those  with  the 
greatest  solids  and  hardness  take  generally  the  least  amount  of 
lead. 

A  series  of  experiments  was  begun  early  in  the  investigation,  to 
learn,  if  possible,  more  upon  this  subject  than  our  regular  analytical 
work  showed ;  that  is  to  say,  the  experiments  were  made  to  study  the 
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effect  upon  lead  of  water  to  which  known  amounts  of  the  substances 
found  in  natural  waters  were  added  in  different  proportions.  In 
all  of  these  experiments  the  water  was  in  contact  with  the  lead  for 
several  days,  or  in  some  cases  even  weeks,  instead  of  for  a  few 
hours,  as  in  service  and  house  pipes.  The  first  water  used  in  this 
connection  was  that  from  Naukeag  Pond,  Ashburnham.  The 
analysis  of  the  water  was  at  that  time  as  follows :  — 

[ParU  per  100,000.] 


Color, 16 

Total  solids,     ....    1.56 
Free  ammonia,         .        .        .      .0036 


Chlorine, 15 

Nitmtes, 0040 

Hardness, 8 


Half-gallon  bottles,  each  containing  a  piece  of  clean  lead  pipe 
one-half  inch  in  diameter  and  eight  inches  long,  were  completely 
filled  with  water,  and  to  each  was  added  a  definite  amount  of  a 
different  substance.  The  bottles  were  allowed  to  stand  undisturbed 
in  a  dark  closet  for  one  week,  when  the  pipe  was  withdrawn,  and 
the  amount  of  lead  taken  from  the  lead  pipe  by  the  water  was  de- 
termined.    The  experiments  and  the  results  obtained  are  given  in 


the  following  table :  — 


Series  No.  1. 


No. 


SUBtTAKOB  ADDSD 

(PwrU  per  100,000). 


L««d  Pond 

(Pamptr 

lOOiOOO). 


1 
2 
8 
4 

6 

e 

7 
8 
0 


Nothing 

200  O.C.  of  hfghly  colored  ■wamp  water,  IncreadDg  color  to  0.60  parts,     . 

Sodium  chloride,  Inereaalog  chlorine  to  ft. 00  parte, 

Calcium  carbonate.  Increasing  hardoeae  to  1.0  parte  (ezceee  of  CaOos  being  filtered 

off). 
Sodlam  silicate,  increasing  fixed  solids  to  5.80  parts, 

Ammonia,  increasing  free  ammonia  to  .0250  parte,       • 

Potassiam  nitrate,  increasing  nitrogen  as  nitrates  to  2.80  parts, ..... 

Magnesium  carbonate  plus  carbonic  acid,  increasing  hardness  to  68.0  parts,    • 

Carbonic  add,  increasing  hardness  to  18.8  parts;  then  magneslnm  carbonate.  In- 
creaalog  it  fartlier  to  71>0  parts. 


.1888 


.8TU 


.0I» 
.8618 


During  the  time  that  the  lead  remained  in  the  bottles,  tfie  water 
was  kept  at  an  approximately  constant  temperature  of  75^  F.  It  will 
be  seen  from  a  study  of  the  table  that  the  addition  of  every  sub- 
stance decreased  the  action  of  the  original  water  upon  the  lefid 
pipe,  with  the  exception  of  the  addition    of  the  highly  colored 
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swamp  water,  which  increased  to  some  extent  the  amount  of  lead 
taken  from  the  pipe ;  but  in  regard  to  this  it  must  be  noted  that, 
in  order  to  add  the  color,  it  was  necessary  to  add,  as  stated,  200 
cubic  centimeters  of  a  different  water. 

A  second  series  of  similar  experiments,  with  the  same  water  and 
with  the  lead  in  contact  with  the  water  for  the  same  length  of  time, 
resulted  as  follows :  — 

Series  No.  2. 


Sow 

SuBfTAvcB  Added 
(PaftoporlOO^OOO). 

Lead  Fovnd 
(  Parts  per 
100,000)7 

Nothing, 

.8801 

SOO  CO.  of  highly  oolored  •wamp  water,  iDfiTMMing  color  to  O.fiO  parts, 

BodlQin  ehlorlde,  InerMalng  ehlorlne  to  5.00  parta, 

Caldam  oarbooate,  ineraaalng  hardoaaa  to  1.6  parta  faxceaa  of  CaCos  being  filtered 

off). 
Sodlam  slUeate.  toereaalng  fixed  aoUda  to  0.80  narta 

.8042 
.1810 
.1000 
.0014 

Ammonia,  Increasing  free  ammonia  to  .02S0  parta . 

Potasslnm  nitrate,  increasing  nitrogen  aa  nitrates  to  1.72  parts, 

Carbonic  add,  increasing  hardness  to  0.6,  then  magnesium  carbonate,  increasing 
It  further  to  14.0  parts. 

2.1800 

11.8800 

.8806 

The  temperature  of  the  water  during  the  time  the  lead  remained 
in  the  bottles  during  this  series  of  experiments  was  approximately 
80^  F.  The  bottles  were  filled  in  this  instance  with  water  sufficient 
to  cover  the  lead  pipe,  which  stood  upright  in  the  bottle ;  but  the 
tops  of  the  bottles  contained  some  air.  It  will  be  seen  from  a  study 
of  the  results  that  in  every  instance  more  lead  was  taken  into  solu- 
tion than  during  the  previous  set  of  experiments,  partly  due  to 
the  higher  temperature,  but  largely,  as  further  experiments  will 
demonstrate,  to  the  £Eict  that  the  air  was  allowed  to  reach  the 
surface  of  the  water.  The  increased  amount  was  particularly 
noticeable  in  experiments  Nos.  6  and  7,  in  which  ammonia  and 
potassium  nitrate  were  added.  It  will  also  be  noticed  that  the 
experiment  of  adding  carbonic  acid  and  magnesium  carbonate  in  the 
second  series  did  not  decrease  the  action  of  the  water  to  the  same 
extent  as  in  the  first  series;  but  the  substances  were  added  in 
amounts  only  sufficient  to  make  the  hardness  one-fifth  what  it  was 
in  the  similar  experiment  in  the  first  set.  The  total  solids  were, 
of  course,  less  also. 
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Another  set  of  experiments  similar  to  the  foregoing  was  made 
with  redistilled  water.     These  experiments  were  as  follows :  — 


Series  No.  3. 


ITo. 

8UB8TAK0S  ADDBD 

(Parts  per  100/)00). 

Amoont  of  Substance 
added,  found  at  End 

of  Experiment 
(Parts  per  100,000). 

(Krtipsr 
100^). 

1 
2 

Nothing, 

200  o.e.  of  swamp  water,  making  oolor  O.M  parts,    • 
Bodlam  chloride,  making  chlorine  A. 20  parta,  .       •       . 
Calctnm  carbonate,  making  hardoeaa  l.SO  parta,     •       • 
Sodium  silicate,  making  fixed  solids  0.00  parts,       • 
Ammonia,  making  free  ammonia  .0260  parta,  .       •       . 
Potassium  nitrate,  making  nitrogen  as  nitratM  2.60  parts, 
Carbonic  acid,  making  hardness  9.70,  then  magnesium 
carbonate,  making  total  hardness  46.00  parts. 

Color,  O.M,     . 

Chlorine, 

Hardness,  1.00,      • 

Fixed  solids,  5.70, . 

Free  ammonia,  .0260,    • 

Nitrates,  0.56, 

Total  hardness,  22.0,     • 

lO.MOO 

i.Qsn 

1.1900 
.1805 

11.080 

16.5480 

.0618 

During  the  week  that  the  water  was  kept  in  contact  with  the  lead 
in  this  set  of  experiments  the  temperature  of  the  water  averaged 
81^  F.,  and  there  was  a  small  volume  of  air  in  the  top  of  each 
bottle.  It  will  be  seen  that  in  every  instance  the  addition  of  a 
substance  to  the  distilled  water  caused  a  less  violent  action  of  the 
water  upon  lead,  excepting  of  ammonia  and  potassium  nitrate.  It 
will  also  be  seen  that  the  hardness  was  reduced  during  Experiment 
No.  4,  the  fixed  solids  during  Experiment  No.  5,  the  nitrates  dur- 
ing Experiment  No.  7  and  the  total  hardness  during  Experiment 
No.  8. 

Another  series  of  experiments  was  made  as  given  below.  As  in 
the  previous  series,  the  water  in  each  case  was  in  a  half-gallon 
bottle  containing  a  piece  of  lead  pipe  one-half  inch  in  diameter  and 
eight  inches  Jong.  The  bottles  were  kept  in  a  dark  closet,  were 
not  disturbed  during  the  week,  the  temperature  remained  approx- 
imately constant  at  84^  F.,  and  there  was  a  small  amount  of  air  in 
the  top  of  each  bottle. 

Sbbiss  No.  4. 


No. 

BOBSTAVOS  ABBBD 

(Parts  per  100^). 

LSMiFMBd 

(Parts  9«r 
lOOjOOO). 

Ttop  water,   . 
RedUtilled  water, 
Redistilled  water, 
BMilstmed  water,       . 

BsdistiUed  water,      • 

1 
2 

8 

4 

6 

Potaaslnm  nitrate,  Increasing  nitrates  to  .51  parts, 
Potaaslnm  nitrate,  Inereaslng  nitrates  to  .51  parts. 
Ammonia,  Inereaslng  free  ammonia  to  .0260  parta,     •       • 
Potaaslnm  nitrmte,  Inereaslng  nitrates  to  .54  parts,  and  0.5 

gram  neptone. 
Ammonia,  Inoreaeing  free  ammonia  to  .0280  parts,  and  0.5 

gram  peptone. 

o-sm 

14.1880 

15.8280 

0.6m 

0.8814 
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A  study  of  the  table  will  show  that  the  addition  of  potassium 
nitrato  to  tap  water  (Boston  city  water)  did  not  cause  a  violent 
action  upon  lead  pipe,  such  as  ensued  when  the  same  amount  of 
potassium  nitrate  was  added  to  distilled  water.  It  will  also  be 
noticed  that,  when  organic  matter,  namely,  peptone,  was  added  to 
the  redistilled  water  in  experiments  4  and  5  of  this  series,  the 
action  of  the  nitrate  and  ammonia  was  very  much  decreased  when 
compared  with  the  action  in  experiments  2  and  3,  containing  the 
same  amounts  of  ammonia  and  nitrate,  but  no  organic  matter. 

Another  similar  series  of  experiments  was  made,  but  with  the 
use  of  tap  water  (Boston  city  water).  The  bottles  contained,  as 
usual,  pieces  of  lead  pipe  one-half  inch  in  diameter  and  eight  inches 
long,  and  were  allowed  to  stand  undisturbed  for  eight  days  in  a 
dark  closet.  Their  temperature  during  the  experiment  was  ap- 
proximately constant  at  82^  F.  The  bottles  were  completely  filled 
with  the  water,  excluding  all  air ;  the  stoppers,  however,  were  not 
sealed.  The  amount  of  each  substance  added  and  the  amount  of 
lead  taken  up  by  the  water  is  shown  in  the  following  table :  — 

Series  No.  5. 


Ho. 

BUBSTAKCi  Added 
(Parts  per  100,000). 

Lead  Found 

(Parts  per 

100,000). 

Nothioff.      ■••.••..••• 

.1685 

900  fl  fl.  of  flWMDP  wftter.  ineroMliiff  oolor  to  0.55  DWti. 

•2885 

BodiniD  chloride.  InereMlnc  chlorlno  to  S.60  Murts.      ..••••• 

.1085 

Oalelain  ou-boiuito,  Ineroaalng  bardnoM  to  S.8  parti  (oxooh  of  GaCos  filtorod  off), 
Bodlam  ■UloAto.  increMloff  fixed  ■ollds  to  5.60  Murta.  • 

.0584 
.1848 

Ammonia,  lacreatlttff  free  ammonia  to  .0880  narta.       «....•. 

•7700 

Potaaelam  nitrate,  inoreaaiog  nitrogen  as  nitratea  to  .6000  parts,       •       •       .       • 

•2278 

From  a  study  of  this  table  it  will  be  noticed  that  the  action  of 
the  water  was  increased  by  the  addition  of  the  swamp  water^  am- 
monia and  potassium  nitrate,  although  the  action  was  inconsider- 
able when  compared  with  that  induced  by  these  bodies  in  distilled 
water. 

In  all  previous  experiments,  either  with  natural  waters  or  with 
distilled  water,  there  was  always  a  considerable  percentage  of  dis- 
solved  oxygen  present  in  the  water  and  sometimes  a  small  volume 
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of  air  in  the  neck  of  the  bottles,  and  also  in  many  cases  a  small 
amount  of  carbonic  acid  present.  In  order  to  note,  however,  the 
eflfect  upon  lead  of  distilled  water  which  contained  neither  oxygen 
nor  carbonic  acid,  a  half-gallon  bottle,  containing  a  piece  of  lead 
pipe  of  the  usual  size  and  length,  was  filled  with  redistilled  water, 
freed  from  carbonic  acid  by  treatment  with  barium  hydrate,  and 
from  dissolved  oxygen  by  boiling.  The  water,  after  boiling,  was 
cooled  in  the  bottle  in  an  atmosphere  of  hydrogen,  the  lead  pipe 
introduced  and  the  bottle  sealed.  It  was  then  allowed  to  stand 
undisturbed  in  a  dark  place  at  an  approximately  constant  temper- 
ature of  82°  F.  At  the  end  of  one  week  the  lead  was  as  bright  as 
when  first  put  in,  although  in  all  other  experiments  the  appearance 
of  the  lead  changed  materially.  At  the  end  of  two  weeks  the  lead 
appeared  to  have  been  acted  upon  slightly  in  spots,  while  the  water  was 
very  slightly  turbid.  A  determination  was  then  made  of  the  amount 
of  lead  in  the  water,  and  it  was  found  to  contain  only  .0774  parts 
per  100,000,  or  .0451  grains  per  gallon.  Upon  referring  to  Series 
No.  3,  it  will  be  noted  that  Experiment  No.  1,  an  experiment  ex- 
actly similar  to  this,  with  the  exception  that  the  distilled  water 
was  not  made  free  from  carbonic  acid  and  oxygen,  resulted  in  the 
water's  taking  from  the  lead  pipe  in  the  course  of  a  week  10.58 
parts  per  100,000  of  lead  or  6.17  grains  per  gallon.  This  experi- 
ment, in  regard  to  the  efiect  of  distilled  water  after  the  removal 
from  it  of  oxygen  and  carbonic  acid,  was  repeated  with  a  similar 
result.  It  was  made  also  with  tap  water  (Boston  city  water),  and 
found  to  reduce  quite  materially  the  amount  of  lead  that  w^ould  be 
taken  into  solution  by  this  tap  water  in  a  given  length  of  time. 

Summarizing  the  experiments  so  far  given,  it  can  be  said  that  the 
action  upon  lead  taking  place  in  distilled  water  containing  oxygen  is 
more  violent  than  the  action  taking  place  in  any  natural  water  which 
we  have  examined  or  with  which  we  have  experimented ;  that  this 
action  of  distilled  water  is  increased  by  the  addition  of  ammonia 
or  potassium  nitrate ;  that  it  is  decreased  very  greatly  by  the  addi- 
tion of  sodium  chloride,  calcium  carbonate,  sodium  silicate,  or  by 
an  increase  in  the  hardness  or  total  solids  of  the  water,  or  by  the 
addition  of  organic  matter.  Still  more  worthy  of  note  is  the  fact 
that,  when  the  oxygen  and  carbonic  acid  are  removed  from  distilled 
water,  the  action  of  this  water  upon  lead  is  reduced  almost  to  a 
minimum.  There  would  probably  be  no  action  whatever  if  we 
could  completely  remove  both  the  carbonic  acid  and  the  oxygen. 
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and  prevent  any  from  reaching  the  water  and  being  absorbed  by  it 
during  our  experiments. 

The  addition  of  the  various  substances  to  natural  waters  shows 
that  an  increase  of  coloring  matter  generally  increases  the  action 
of  the  water  upon  lead  slightly,  and  that  an  increase  of  ammonia 
or  potassium  nitrate  also  increases  the  action  but  slightly,  if  air  is 
practically  excluded.  The  addition  of  all  other  substances  experi- 
mented with  decreases  the  action.  Free  access  of  air  increases  the 
action  above  that  taking  place  when  air  is  excluded  and  only  the  air 
dissolved  in  the  water  comes  into  play.  Ammonia  or  potassium 
nitrate  increase  the  action  very  slightly  in  natural  waters,  while  in 
distilled  waters  they  increase  it  quite  materially,  especially  the  ad- 
dition of  potassium  nitrate.  It  is  doubtful,  however,  if  it  is  these 
two  bodies  themselves  which  act  upon  the  lead  pipe.  They  are 
unstable  bodies  and  carriers  of  oxygen,  and  it  is  probably  this 
oxygen  which  has  the  marked  eflfect  upon  the  pipe.  To  prove  this 
point,  two  experiments  were  made,  as  follows :  — 

Two  half-gallon  bottles  were  filled  completely  with  redistilled 
water,  freed  from  carbonic  acid  and  dissolved  oxygen  by  boiling 
the  water  and  then  cooling  it  in  an  atmosphere  of  hydrogen.  To 
the  water  in  one  of  these  bottles  was  added  a  definite  amount  of 
potassium  nitrate  and  to  the  other  a  definite  amount  of  free  ammo- 
nia, and  the  bottles  were  sealed  and  allowed  to  stand  for  one  week 
at  an  approximately  constant  temperature  of  68^  F.  The  results 
were  as  follows :  — 

Series  No.  6. 


Ho. 

SOBtlAVOB  ADDBI>  XHD  AKOUn.                              ^'^'^^^SSfp^JtaKt!*  ^^  "^ 

Lead  Foaod 

(Parts  per 

100,000). 

1 

9 

PotMstam  nitrate  to  equal  2.5  parte  N  per 
100,000. 

Free  ammonia  to  equal  .0800  parts  per 
100,000. 

Blight  white  coating  at  one  end,  both 
inetde  and  ontaide. 

.8430 
.0803 

Comparing  these  results  with  the  results  of  experiments  6  and  7 
of  Series  No.  3,  the  great  difference,  due  to  the  presence  of  oxygen 
and  perhaps  of  carbonic  acid  in  the  water  in  the  Series  3  experi- 
ments, will  be  noted.  The  experiments,  in  which  a  small  amount 
of  peptone  was  added  with  the  ammonia  and  nitrate  (see  Series 
No.  4) ,  are  fiiirly  convincing,  however,  as  the  amount  of  lead  taken 
from  the  pipes  was  very  much  less  than  in  similar  experiments 
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where  peptone  was  not  added ;  that  is  to  say,  the  oxygen  primarily 
in  the  water,  and  that  absorbed  by  it  during  the  experiment,  was 
probably  largely  employed  in  oxidizing  the  organic  matter,  instead 
of  being  left  free  to  attack  the  lead  pipe. 

In  regard  to  the  coloring  matter,  I  have  considered  it  doubtful 
if  the  organic  matter  giving  the  color  to  the  water  has  in  itself 
any  effect  upon  lead,  but  that,  undergoing  change,  carbonic  acid  is 
set  free,  which  is  the  active  agent  in  attacking  the  lead,  this  car- 
bonic acid  probably  being  especially  active  in  its  nascent  state.  A 
series  of  experiments,  making  this  fact  somewhat  clear,  is  as  fol- 
lows :  — 

Four  gallon  bottles  were  filled  with  different  waters :  No.  1  with 
Merrimack  River  water.  No.  2  with  a  mixture  of  two-thirds  river 
water  and  one-third  hay  infusion.  No.  3  with  a  mixture  of  one-third 
river  water  and  two-thirds  hay  infusion,  and  No.  4  with  hay  infusion 
only,  this  hay  infusion  being  prepared  by  soaking  a  given  quantity 
of  hay  in  a  tank  filled  with  Merrimack  River  water.  The  infusion 
was  drawn  from  the  bottom  of  the  tank  through  a  cloth  strainer,  and 
was  an  ill-smelling,  highly  colored  liquid,  containing  considerable 
nitrogenous  and  a  large  amount  of  carbonaceous  matter  in  solution. 
It  was  fi*ee  from  dissolved  oxygen,  and  the  portion  drawn  from  the 
bottom  of  the  tank  contained  little,  if  any,  carbonic  acid  in  solution. 
Each  of  the  bottles  in  which  this  water  was  placed  contained  a  piece 
of  clean  lead  pipe,  three-quarters  of  an  inch  in  diameter  and  eight 
inches  long.  The  bottles  stood  in  the  laboratory  for  eighty-five 
days,  when  half  of  the  water  was  withdrawn  from  each,  and  the 
amount  of  lead  determined  in  each  sample.  The  remainder  of  the 
water  was  allowed  to  stand  undisturbed  in  the  bottle  for  an  addi- 
tional period  of  one  hundred  and  twenty-nine  days,  making  the 
total  length  of  time  two  hundred  and  fourteen  days.  During  this 
last  period  the  bottles  remained  only  half  full  of  water,  and  there 
was  a  free  access  of  air.     The  analyses  resulted  as  follows :  — 


Skribs  No.  7  (without  Am). 
First  Pariion, 


KiTMBBB  or  BOTTLB. 

ToUl  Lead  Found 
(Puts  per  100,000). 

Kumm  ow  Bottlb. 

Total  LMdFMBd 
(Pbxu  fm  MMOO). 

1. 

a, 

.2156 

s. 

4. 

•ISIf 

.OITD 
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Series  No.  8  (with  Aib). 
Second  Portion. 


Komber 

Lead. 
(Parts  per  100,000.) 

Nnmber 

of 
BotUe. 

Lbad. 
(Parts  per  100,000.) 

of 
Bottle. 

In 
Solatlon. 

In 
Suspension. 

Total. 

In 
Solotlon. 

In 

Suspension. 

Total. 

1. 

2. 

.1061 
.7300 

.2102 
.8060 

.8168 
1.0960 

8,       . 
4.       . 

.8408 
3.0440 

1.0710 
1.6426 

2.8178 
8.0866 

Studying  the  analyses  first  made,  we  find  that  there  was  no  dif- 
ference in  the  action,  of  the  river  water  only  and  of  the  solution 
containing  two-thirds  river  water  and  one-third  hay  infusion.  The 
solution  containing  one-third  river  water  and  two-thirds  hay  infu- 
sion had  a  more  violent  action  upon  the  lead,  while  the  hay  infusion 
alone  acted  during  this  first  period  very  weakly  upon  the  lead.  Dur- 
ing the  second  and  longer  period  the  lead  in  the  first  sample  in- 
creased ;  the  second  sample  contained  five  times  as  much  lead  as  at 
the  end  of  eighty-five  days ;  the  third  sample  nearly  seven  times 
as  much  lead ;  while  the  fourth  sample,  which  contained  hardly  any 
lead  at  the  end  of  the  period  of  eighty-five  days,  contained  by  far 
the  most  at  the  end  of  this  second  period.  As  stated  before  this 
hay  infusion,  drawn  from  the  bottom  of  the  tank,  contained  little 
carbonic  acid  and  no  oxygen,  apparently  not  enough  of  either  to 
act  upon  the  lead  during  the  first  period  of  eighty-five  days ;  neither 
did  the  coloring  matter  act  upon  the  lead.  The  reason  of  the 
different  action  during  the  two  periods  is  as  follows  :  — 

Carbonic  acid  was  not  formed  in  this  bottle  during  the  first 
period,  owing  to  the  exclusion  of  air.  During  the  second  period, 
however,  air  was  freely  admitted  to  the  surface  of  the  liquid,  and 
resulted  in  the  fermentation  of  this  strong  hay  infusion  and  the 
formation  of  much  carbonic  acid,  which,  together  with  the  air  itself, 
acted  violently  upon  the  lead.  This  same  action  took  place  in 
samples  Nos.  2  and  3,  but  to  a  less  degree. 

Another  set  of  experiments  worth  recording  was  as  follows :  — 
Four  one-gallon  bottles,  each  containing  a  piece  of  clean  lead  pipe, 
three-fourths  of  an  inch  in  diameter  and  eight  inches  long,  were 
filled  at  the  Lawrence  Experiment  Station  as  follows :  No.  1,  with 
distilled  water;  No.  2,  with  the  effluent  from  Sewage  Filter  No.  2, 
containing  almost  no  free  and  albuminoid  ammonia,  but  a  large 
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amount  of  nitrogen  in  the  form  of  nitrates,  no  nitrites,  very  little 
color,  but  high  in  dissolved  oxygen,  and  containing  some  carboDic 
acid;  No.  3,  with  the  effluent  of  Water  Filter  No.  68,  this  water 
containing  about  the  same  amount  of  free  and  albuminoid  ammonia 
as  the  effluent  of  Filter  No.  2,  about  one-tenth  as  much  nitrogen  in 
the  form  of  nitrates,  no  nitrites,  about  an  equal  amount  of  dissolved 
oxygen,  and  four  times  as  much  color.  The  lead  pipe  remained  in 
these  waters  for  one  hundred  and  eighty-five  days,  and  they  were 
then  analyzed,  with  the  following  results  :  — 

Series  No.  9. 


Lead 

In  SoIutloQ 

(Part*  per  100,000). 


Lead  in 

Sospeiuton 

(Piuta  iMT  100i,<My. 


1 
2 
S 


DiatUled  water,    . 
Effinant  of  Filter  No.  2, 
BfBaeDt  of  Filter  No.  68, 


LOOM 
4.0640 
0.8796 


80.68SS 
0.5TOO 
0.S268 


It  will  be  seen  that  a  very  large  amount  of  lead  was  taken  from 
the  pipe  by  the  distilled  water,  most  of  this  lead  precipitating  in 
the  bottom  of  the  bottle  as  the  heavy  white  hydroxide.  The  sewage 
effluent,  containing  considerable  carbonic  acid,,  took  a  large  amount  of 
lead  from  the  pipe,  but  most  of  this  remained  in  solution,  while  the 
effluent  of  the  water  filter  took  a  comparatively  small  amount  of  lead 
from  the  pipe. 

A  temperature  experiment  was  as  follows :  Six  half-gallon  bottles, 
each  containing  a  piece  of  lead  pipe  eight  inches  long,  were  com- 
pletely filled  with  tap  water  (Boston  city  water),  the  analysis  of 
which  was  as  follows :  — 

[Parte  per  100.000.} 


Color, 0.22 

Free  ammonia,         .        .        .  0.0002 

Albuminoid  ammonia,     .        .  0.0166 

Chlorine, 0.23 

Nitrates, 0.0040 


Nitrites, 0.0001 

Total  solids,     ....    3.75 
Hardness,         ....    1.4 
Oxygen  consamed^  .        .       .0.38 
Iron, 0.0280 


Three  of  the  bottles  were  placed  in  a  dark  closet  in  the  labor- 
atory, and  three  in  an  ice  chest.  At  the  end  of  three  days,  one 
bottle  was  withdrawn  from  each  place ;  at  the  end  of  six  days,  a 
second;  and  at  the  end  of  nine  days,  a  third.  The  results  are  in 
the  following  table :  —    ♦ 
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Series  No.  10. 


Knmb«r  of  Dayt  Bottle  ttood. 


S. 


«, 


9, 


Dabk  Closet. 


Tempenttare. 
Degrees  F. 


Lead  found 

(Parts  per 

100,000). 


.1848 


.1060 


.1366 


Job  Crxst. 


Temperature. 
Degrees  F. 


I 

{ 


60> 


I 


M 

u. 


Lead  found 

(Parts  per 

100,000). 


.0908 


.1168 


.1168 


A  review  of  results  of  all  the  experiments  indicates  strongly 
that  the  two  active  agents  in  the  waters,  causing  them  to  take 
lead  into  solution,  were  oxygen  and  carbonic  acid.  The  purer 
the  water  (for  instance,  distilled  water),  the  more  active  these 
agents  were  upon  lead  when  in  this  water.  The  presence  of  nitrates 
and  ammonia  in  distilled  water  together  with  free  access  of  air 
caused  a  very  violent  action  upon  the  lead  to  take  place ;  but  they 
had  much  less  influence  when  present  in  natural  waters  containing 
some  organic  matter.  When  organic  matter  (peptone,  for  instance) , 
as  shown  in  the  experiments,  was  added  to  distilled  water,  it  re- 
duced very  greatly  the  action  caused  by  the  presence  of  ammonia 
or  nitrates  with  free  access  of  air.  The  addition  of  substances 
which  increased  the  fixed  solids  tended  to  decrease  the  action  of 
water  upon  lead  very  greatly. 

In  order  to  prove  the  relative  action  of  oxygen  and  carbonic  acid, 
a  series  of  experiments  was  made,  as  follows:  Four  half-gallon 
bottles  of  distilled  water  were  first  freed  from  dissolved  oxygen  and 
carbonic  acid  in  the  usual  way,  and  then  known  amounts  of  each 
of  these  bodies,  both  separately  and  together,  were  added  to  the 
samples,  and  they  were  then  sealed  and  allowed  to  stand  for  one 
week,  at  an  approximately  constant  temperature  of  68°  F.  The 
results  were  as  follows :  — 
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Series  No.  11. 


Ko. 


SUBSTAVCB  ADDSD  AJTD  AxOUHT. 


L«ul  Found 

(Ptrttper 

lOGgOOO). 


1 

2 
8 

4 
6 


Oxygen  to  sataratlon 

Carbonic  add  (4.0  parte  per  100,000), 

Carbonic  acid  (20.0  parte  per  100,000), 

Ten  per  cent,  of  oxygen  neoeasary  for  aataration,  and  4.0  parte  of  COi, . 
Ten  per  cent,  of  oxygen  neoeasary  for  aataratlon,  and  4.0  parte  of  COt« . 


S.4100 
.4B0S 
.8035 
.OMi 
.1685 


These  results  are  somewhat  contradictory,  but  seem  to  show 
that  oxygen  acts  more  quickly  in  distilled  water  than  carbonic 
acid.  The  amount  of  lead  taken  from  the  pipes  may  vary  in 
the  case  of  natural  waters,  according  to  varying  proportions  of 
oxygen  and  carbonic  acid  present  in  these  waters.  The  amount  of 
lead  taken  into  solution  and  the  amount  in  suspension  in  the  waters 
may  and  probably  does  vary  from  the  same  cause.  For  instance, 
laboratory  experiments  with  water  from  two  sets  of  driven  wells  in 
Lowell  showed  that,  when  lead  pipe  was  introduced  into  a  bottle  of 
water  from  the  boulevard  wells,  so  called,  containing  about  20  per 
cent,  of  the  volume  of  oxygen  necessary  for  saturation  and  about  2 
parts  of  carbonic  acid  per  100,000,  much  lead  was  taken  from  the 
pipe  in  a  few  days,  which  largely  precipitated  as  the  white  hydroxide 
of  lead,  but  the  pipes  were  more  or  less  coated  also  with  the  oxide 
and  hydroxide.  When,  however,  lead  pipe  was  introduced  into  a 
bottle  of  water  from  the  Cook  wells,  so  called,  containing  about  10 
per  cent,  of  the  volume  of  oxygen  necessary  for  saturation,  but  over 
4  parts  of  carbonic  acid  per  100,000,  not  any  precipitate  appeared 
on  the  bottom  of  the  bottle  and  the  pipe  remained  clean  and  without 
a  coating ;  but  at  the  end  of  a  few  days  the  water  contained  about 
2.5  parts  of  lead  per  100,000  parts,  practically  all  of  which  was  in 
solution. 

From  many  previous  experiments,  in  which  pieces  of  lead  pipe 
were  exposed  to  the  action  of  water  containing  various  substances 
in  solution,  it  was  found  that  certain  substances  seemed  to  accelerate 
the  action  of  the  water  on  the  lead,  while  others  seemed  to  retard 
the  action.  Among  the  latter,  silica,  calcium  carbonate  and  chlo* 
rine  were  those  that  appeared  to  exert  the  most  decided  retarding 
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action,  and  a  series  of  experiments  was  prepared  in  order  to  show, 
if  possible,  in  what  way  this  retarding  action  was  effected, — 
whether  it  was  due  simply  to  the  presence  of  the  substance  in 
solution,  or  whether  the  pipe  was  first  attacked  and  a  coating 
formed  by  combination  with  the  lead,  which  prevented  further 
action. 

One  series  of  six  bottles  was  prepared,  using  ordinary  redistilled 
water,  which  contains  considerable  dissolved  oxygen  and  a  very 
small  amount  of  carbonic  acid ;  and  another  series  of  six  bottles, 
using  redistilled  water  freed  from  both  gases.  The  plan  was  to 
allow  the  waters,  containing  known  amounts  of  the  different  sub- 
stances in  solution,  to  act  upon  the  lead  for  a  certain  time,  then  to 
withdraw  the  pipes  from  the  bottles,  rinsing  off  any  easily  detach- 
able coating  back  into  the  bottles,  and  putting  the  pipes  into  fresh 
portions  of  water  similarly  prepared,  and  allowing  them  to  remain 
the  same  length  of  time  as  before.  By  determining  the  amount  of 
lead  taken  up  by  the  water  in  each  bottle  after  the  first  period  of 
time,  and  then  again  after  the  second  period  of  action  with  the 
fresh  portion  of  water,  it  was  hoped  to  show  whether  the  action 
was  continuous,  or  whether  the  pipes  would  become  coated  with 
compounds  which  would  prevent  as  much  action  as  occurred  in  the 
first  case ;  also,  after  the  final  period  of  action,  any  coating  which 
appeared  in  sufficient  quantity  was  to  be  tested,  to  determine  if 
possible  its  composition. 

These  experiments  are  not  satisfactorily  completed,  as  yet,  but 
seem  to  indicate  that,  as  generally  supposed,  certain  mineral  mat- 
ters prevent  action  not  only  by  aiding  the  formation  of  a  pi'otective 
coating  upon  the  pipes,  but  also  by  their  simple  presence  in  the 
water. 

Eelation  that  the  Amount  of  Carbonic  Acid  and  Oxygen  in 
Solution  in  Waters  bears  to  the  Amount  op  Lead  taken 
FROM  Lead  Pipes  by  Ground  and  Surface  Waters. 

During  the  latter  part  of  the  summer  of  1898  and  up  to  the 
present  time  determinations  of  the  amount  of  dissolved  oxygen 
and  carbonic  acid  have  been  made  in  a  number  of  the  water  sup- 
plies of  the  cities  and  towns  from  which  we  have  obtained  samples 
for  the  determination  of  lead.  In  order  that  these  determinations 
of  oxygen  and  carbonic  acid  may  have  a  value,  they  have  to  be 
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made  in  the  various  towns  and  cities  with  water  taken  directly  from 
the  supplies,  as  water,  when  transported  from  these  towns  and 
cities  to  the  laboratory,  loses  in  some  instances  a  large  percentage 
of  both  the  oxygen  and  free  carbonic  acid  during  this  transporta- 
tion. Enough  of  these  determinations  have  been  made  up  to  the 
present  time  to  present  in  the  form  of  tables,  together  with  the  lead 
found  in  the  samples  of  water  from  the  various  places,  and  the 
degree  of  hardness  of  that  water.  The  first  table  is  an  arrangement 
of  ground- water  supplies  :  — 


TOWH  OB  CllT. 


Lowell,*  . 
Korth  BMton, . 
FalrhaTen, 
Kingston, 
Sharon,    . 
Mllford,    .       .       . 
WMt  Brookfl6ld,t  . 
Fnunlngham,  • 
Soath  Hftdley, . 
Athbarnham,  .       . 
BoTore,     . 
Maiden,    . 
Metbnen, . 
Beading,t 


Water  in  Pipes 
over  MlghL 


LaAD. 
(Parte  per  100,000.) 


.1988 
.1067 
.3461 
.1902 
.0274 
.1991 
.0779 
.0840 
.1194 
.1210 
.0185 
.0200 
.0050 
.0142 


Water  in 
Daytime  Use. 


.1899 
.0414 
.0959 
.0944 
.0140 
.1258 
.0487 
.0180 
.0885 
.0807 
.0101 
.0067 
.0050 
.0055 


Free  CO  2. 
(Parts 

per 
100,000.) 


2.85 
2.84 
2.17 
2.08 
1.96 
1.55 
1.52 
1.51 
0.92 
0.80 
0.74 
0.70 
0.20 
0.00 


Ozysen 

DissoWed. 

(Per 

Cent,  of 
Saturation.) 


10 
64 
47 
85 

98 
40 

104 
48 

105 

102 

11 

54 

9 

105 


HardBssft. 

CPails 

ViSSlL) 


2.80 
1.80 
1.40 
1.00 
2.90 
1.00 
O.OO 
8.00 
0.40 
1.10 
7.90 
4.40 
2.90 
9.80 


*  Average  of  three  syatems  of  wells. 

X  Filtered  water,  alnm  and  Hme  having  been  added. 


t  Settled  In  elatema. 


A  study  of  this  table  shows  that  the  clear  and  practically  color- 
less supplies,  which  most  actively  attack  lead,  are  those  containing 
the  most  carbonic  acid  and  a  small  or  medium  amount  of  mineral 
matter,  as  shown  by  the  determination  of  hardness.  Fairhaven  and 
Eangston,  where  many  cases  of  lead  poisoning  have  occurred  during 
the  past  few  years,  stand  first  and  second  on  the  table  in  regard  to 
the  amount  of  lead  found  in  the  samples  which  we  have  analj'zed  of 
water  that  has  remained  in  the  pipes  for  a  number  of  hours ;  while 
Lowell  and  Milford,  where  many  cases  of  lead  poisoning  are  now 
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occurring,  stand  third  and  fourth  upon  the  table.  Lowell  samples 
show  the  most  lead  taken  from  the  pipes  during  daytime  use.  West 
Brookfield  water  attacks  lead  pipes  actively,  but  the  lead  remains 
to  a  groat  extent  in  the  cisterns,  as  previously  explained,  and  the 
figures  in  this  table  give  only  the  lead  in  solution  in  this  water ; 
the  total  amount  in  the  samples  averaging  over  8  parts  (see  page 
543).  While  the  table  is  not  exactly  regular  in  respect  to  the 
carbonic  acid,  hardness  and  lead,  still  it  must  be  remembered  that 
the  length  of  the  lead  pipes  from  which  the  samples  were  taken 
varied  very  much  in  different  towns  and  in  different  places  in  the 
same  town,  and  that  the  water  remained  in  the  pipes  for  different 
periods  of  time.  Sharon  water,  although  containing  nearly  2  parts 
of  carbonic  acid  and  much  free  oxygen,  is  prevented,  apparently 
by  its  hardness  of  2.90  parts,  from  attacking  lead,  and  it  is  prob- 
able that  this  degree  of  hardness  is  sufficient  to  prevent  action  in 
some  waters  containing  this  amount  of  carbonic  acid,  but  varies 
with  the  character  of  the  mineral  constituents  causing  the  hardness. 
Taken  as  a  whole,  the  table  is  as  regular  as  could  be  expected. 

The  second  table  presented  is  that  of  towns  and  cities  having 
surjEice- water  supplies  :  — 


Town  OB  CiTT. 


Boston,     . 
Stongbton, 
Ipawlch,  • 
K«w  Bodford, 
Norwood, 
Palmor,     . 
Clilflopeo,* 
Lawrence, 
Ohioopeo,* 
Gonoord,  • 
Fall  Blwr, 
Bockland, 
Springflold, 


Lbad. 
(Pftrti  per  100,000.) 


InPlMB 
over  JNlght 


.1778 
.2178 
.0090 

.UM 
.0681 
.0820 
.1087 
.1004 
.3021 
.0688 
.0256 
.1086 
.0887 


Daytime 
Use. 


.0000 

.on* 

.0081 

.oin 

.0810 
.0511 
.0400 
.0276 

.on8 

.0060 
.0060 
.0288 
.0105 


FreeCOfl. 

(Peru 

per 

100,000.) 


1.67 
1.48 
.78 
.67 
.60 
.60 
.40 
.81 
.28 
.27 
.00 
.00 
.00 


Ozyien 
Dleaohred. 

(Per 

Cent,  of 

Saturation.) 


84 

78 

1 

54 
104 
02 
07 
85 
07 
76 
08 
88 
07 


Hardnees. 

(Parte 

per 

100,000.) 


1.60 
.60 

1.30 
.80 
.80 
.60 
.60 

1.10 

1.40 
.80 
.60 
.80 
.80 


*  Two  dlilorent  anppllea. 


568  STATE  BOARD   OF  HEALTH.         [Pub,  Doc. 

A  study  of  this  table  shows  that  its  regularity  is  much  less  than 
that  of  the  ground-water  supplies,  but  this  can  be  accounted  for  by 
an  accurate  study  of  the  figures  given,  and  the  sanitary  analyses  of 
the  water  supplies  of  these  towns  and  cities  given  in  previous  tables. 
In  the  first  place,  all  of  these  waters  are  soft ;  in  the  second  place, 
most  of  them  contain  but  a  small  amount  of  carbonic  acid,  as  com- 
pared with  the  amount  present  in  the  ground-water  supplies  which 
violently  attack  lead,  but  a  large  amount  of  free  oxygen. 

The  experiments  given  on  previous  pages  have  proved  that  oxygen, 
under  certain  conditions,   is  quite  as  active  as  carbonic  acid  in 
attacking  lead  pipes  when  the  lead  is  placed  in  distilled  water,  and 
a  study  of  this  table,  together  with  previous  tables,  will  show  that 
some  of  these  waters,  which  contain  little  or  no  carbonic  acid  bat 
are  saturated  with  oxygen,  are  comparatively  soft  and  colorless  sur- 
face waters,  containing  little  organic  matter.     The  waters  of  Chico- 
pee.  Concord,  Norwood  and  Rockland  are  of  this  character,  and,  in 
their  freedom  from  organic  mineral  matter,  resemble  to  a  certain 
extent  distilled  water,  and  therefore  the  oxygen,  as  was  shown  by 
the  experiment  with  distilled  water  with  and  without  peptone,  having 
little  organic  matter  to  attack,  is  left  free  to  attack  the  lead.     Again, 
it  was  shown  by  our  experiments  that  highly  colored  water  would 
attack  lead  if  sufiicient  time  and  air  were  allowed  for  the  change  of 
this  carbonaceous  coloring  matter  to  carbonic  acid  in  the  presence 
of  oxygen.     This  change  probably  occurs  when  some  highly  colored 
surface  waters  remain  in  the  service  pipes  for  some  hours,  as  shown 
by  the  lead  in  the  New  Bedford  and  Boston  samples  taken  after  the 
water  had  stood  in  lead  pipes  for  a  number  of  hours,  most  of  these 
Boston  samples  having  been  taken  when  the  water  was  more  highly 
colored  than  at  the  present  time.     Determinations  of  carbonic  acid 
have  also  shown  that  this  gas  sometimes  increases  as  the  water  stays 
in  the  pipes. 

Lawrence  water  is  a  filtered  surface  water,  and  hence  resembles  to 
a  certain  extent  a  ground  water.  It  contains,  moreover,  more  free 
an[m[ionia  than  any  other  sur£EU)e  water  on  the  table,  and  is  high  in 
nitrates. 

In  New  Bedford  we  have  a  marked  example  of  a  water  which, 
while  not  acting  so  violently  upon  lead  that  much  is  taken  from  tiie 
pipes  when  the  water  is  drawn  frequently,  still  is  of  such  a  char- 
acter that,  when  allowed  to  remain  for  a  considerable  period  of 
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time  in  the  pipes,  it  takes  considerable  lead  both  in  solution  and  sus- 
pension from  them ;  that  is,  a  coating  of  organic  and  mineral  matter 
forms  upon  the  pipes,  carbonic  acid  is  generated,  which,  together 
with  the  oxygen  present,  attacks  the  lead,  and  this  deposit  is,  when 
the  water  is  drawn  quickly  after  hours  of  rest,  apparently  easily 
detached  from  the  pipe  and  drawn  out,  thus  increasing  the  amount 
of  lead  in  water  drawn  after  periods  of  rest  above  that  actually 
taken  into  solution  by  the  water  during  this  period  of  rest. 

In  the  various  supplies  the  pressure  of  the  water  in  the  pipes 
varies,  but  in  all  the  supplies  it  is  several  atmospheres,  and  the 
amount  of  lead  taken  into  solution  by  carbonic  acid  and  oxygen 
increases  as  the  pressure  increases. 

It  will  be  seen  from  the  tables  that  in  Kingston  and  Fairhaven^ 
towns  having  a  large  number  of  cases  of  lead  poisoning  during  the 
past  few  years,  the  average  amount  of  lead  found  in  the  samples 
taken  when  the  water  was  in  ordinary  daytime  use  was  in  each  case 
nearly  .1000  of  a  part  per  100,000  parts.  Milford  and  Lowell,  the 
samples  from  which  contained  a  greater  average,  have  had  and 
are  having  many  cases  of  lead  poisoning.  In  all  of  these  four  places, 
however,  the  average  amount  of  lead,  found  when  the  water  was 
allowed  to  stand  in  the  pipes  for  a  number  of  hours,  was  about  .2000 
of  a  part.  Many  of  the  samples  from  these  places  contained,  more- 
over, much  more  lead  than  these  averages  and  at  times  many  of  the 
inhabitants  must  have  drunk  water  containing  much  more  lead  than 
the  averages  indicate. 

Interviews  with  physicians  in  the  towns  and  cities  where  series  of 
samples  have  been  taken  fail  to  show  a  prevalence  of  lead  poisoning 
in  any  except  the  four  places  mentioned  above,  although  occasional 
cases  have  been  noted  in  several  other  towns  that  have  ground-water 
supplies.  Our  investigations  so  far  made  in  the  towns  and  cities 
having  surface-water  supplies  have  failed  to  reveal  any  cases  what- 
ever, although  many  of  these  waters  attack  lead,  the  amounts  found 
in  some  samples  not  being  inconsiderable,  and  the  lead,  taken  in 
this  manner  into  the  systems  of  many  of  the  inhabitants  of  these  cities 
and  towns,  may  cause  mild  or  unrecognized  cases  of  lead  poisoning. 
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Experimental  Pipes. 

In  the  course  of  this  investigation,  pipes  of  different  metals  have  been 
placed  for  experimental  purposes  in  the  following  towns  of  the  State : 
Fairhaven,  Kingston,  New  Bedford,  West  Brookfield  and  Lowell. 

In  Fairhaven  the  pipes  were  of  lead,  iron,  galvanized  iron  and 
block  tin,  and  were  placed  in  the  pumping  station,  attached  to  the 
main.  The  pipes  were  %  of  an  inch  in  diameter  and  45  feet  in 
length,  with  a  faucet  at  the  end  of  each  pipe.  Instructions  were 
given  that  the  water  should  be  allowed  to  flow  slowly  through  these 
pipes  during  each  day,  so  that  at  least  100  gallons  should  pass 
through  the  pipes  each  twenty-four  hours.  Samples  have  been 
taken  for  analysis  at  various  dates,  with  the  following  results  :  — 

Fairhaven, 

Gallon  samples  from  the  iron  pipe  showed  the  following  amounts 
of  iron  in  paits  per  100,000 :  — 


DATS  or 

GOLLXOTIOV. 

Time 

Sample  etood 

In  Pipe. 

Iron. 

DATI  07 
GOIXKOTIOV. 

Time 

Sample  itood 

in  Pipe. 

Iioa 

Jmn.  25, 1808,  . 

Over  night,    • 

1.2720 

Nov.  96, 1808,  . 

One  hoar. 

o.im 

Jm.  S6,  1808,  .       . 

One  hoar, 

0.4800 

Dec.  18,1808,  . 

Over  nighty    . 

0.S9N 

F6b.  24, 1808,  .       . 

Over  night,    . 

0.8800 

Deo.  18, 1898,  . 

One  hour. 

0.6TW 

Aug.   4, 1808,  . 

Over  night,    .' 

1.2S40 

Feb.  24, 1809,  . 

Over  night,    . 

1.2000 

Aug.  4, 1808,  . 

One  hoar, 

0.8960 

Feb.  24, 1800,  .       . 

One  honr,       • 

O.6800 

Kov.  26, 1808,  .       . 

Over  night,    . 

0.7600 

Samples  collected  from  the  galvanized-iron  pipe  showed  the  fol- 
lowing amounts  of  zinc  in  parts  per  100,000 :  — 


Datb  or 
CoLLBonov. 

Time 

Sample  itood 

In  Pipe. 

Zinc. 

Datb  ov 

COLLBCnOV. 

TlBM 

Sample  stood 
in  Pipe. 

Ziae. 

J»a.  25, 1888,  .       . 

Over  night,    . 

1.7038 

Aag.  4, 1886,  .       . 

One  hoar,      •       • 

0.4181 

Jan.  25, 1808,  .       . 

One  hoar. 

1.2458 

ETov.  26, 1808,  .       . 

Over  night,    • 

1.7IB0 

Feb.  24, 1808,  .       . 

Over  night, 

1.5240 

Kov.  26, 1808,  . 

One  hoar. 

0.8tfl 

Feb.  24, 1808,  .       . 

One  hoar. 

1.1448 

Dee.  18, 1808,  .       . 

Over  nl|^    . 

l.«U 

April  7, 1808,  .       . 

Over  night. 

1.1286 

Dec.  18, 1808,  .       . 

One  hoar. 

i.an 

April  7, 1808,  .       . 

One  hoar, 

0.2501 

Feb.  24, 1800,  .       . 

Over  night,    . 

l.Wl 

Aog.   4, 1808,  . 

Over  night,     . 

1.2154 

Feb.  24, 1800,  .       . 

One  lioor. 

1.6185 
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Samples  collected  from  the  lead  pipe  showed  the  following  amounts 
of  lead  in  parts  per  100,000 :  — 


Date  or 

COLLKCTIOV. 

Thne 

Sample  itood 

mPlpe. 

Lead. 

Datb  ov 
CoLLsonov. 

Time 

Sample  stood 

In  Pipe. 

Lead. 

Jan.  26,1808,   . 
Jan.  26,1808,   . 
Feb.  24, 1808,   . 

V^b.24,1808,      a              a 

April  7, 1806,  .       . 
April  7, 1808,   . 
Aug.  4,1808,   . 

Over  night,    . 
One  hoar. 
Over  night. 
One  hoar. 
Over  night,    . 
One  boar. 
Over  night,    . 

.4140 
.2208 
.8071 
.1061 
.1086 
.1061 
.7800 

Aug.  4, 1808,  a 
Nov.  26, 1808,  a 
Nov.  28, 1808,  a       . 
Deo.  18, 1808,  . 
Dee.  18, 1808,  . 
Feb.  24, 1800,  .       . 
Feb.  24, 1800,  . 

One  boor. 
Over  night,    , 
One  hoar. 
Over  night,    . 
One  hoar. 
Over  night, 
One  hoar. 

.2887 
.4872 
.1762 
.2670 
.2670 
.8604 
.2808 

Samples  collected  from  the  block-tin  pipe  gave  the  following 
amounts  of  tin  in  parts  per  100,000 :  — 


DATS  or 

Tin  Fouvn,  Arrsa  Saxplb 
aroon  in  Pipb— 

Datb  ov 
collbotiov. 

Tl«  FOCWn,  AFTBB  SAXPLB 
8TOOO  IH  PiPB  — 

COLLBCTIOV. 

Over  Night. 

One  Hoar. 

Over  Night 

One  Hour. 

Jan.  26, 1808, 
Feb.  24, 1808,     . 
April  7, 1808,     . 
Ang.  4, 1806,     . 

.0660 
.0247 
.0807 
.0882 

.0180 
.0247 

Nov.  26, 1808,    .       . 
Jan.    7, 1880,            » 
Feb.  24, 1800,    . 

.1020 
.0260 
.0220 

.0467 
.0114 
.0068 

Ktnffston. 

At  Kingston  four  kinds  of  pipe  were  experimented  with,  namely, 
iron,  galvanized  iron,  lead  and  block  tin.  The  pipes  were  each  % 
inch  in  diameter,  45  feet  in  length,  and  were  attached  to  the  main 
in  the  pumping  station.  Instructions  were  given  that  the  water 
should  be  allowed  to  flow  slowly  through  these  pipes  during  each 
day,  so  that  at  least  100  gallons  should  pass  through  the  pipes  each 
twenty-four  hours. 

These  results  cannot  be  compared,  however,  directly  with  the 
samples  showing  the  amount  of  lead  taken  from  service  pipes  in  this 
town,  and  summarized  on  previous  pages,  as  the  water  supply  had 
been  changed  before  these  experiments  were  made. 

Samples  collected  for  analysis  from  the  iron  pipes  showed  the 
following  amounts  of  iron  in  parts  per  100,000 :  — 
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Date  ot 

COLLBOnOH. 

Time 

Sample  itood 

in  Pipe. 

Iron. 

DATS  Of 
GOLLSCnOK. 

Time 

Sample  ttooA 

In  Pipe. 

Iron. 

Jan.  22, 1808,  . 
Jan.  22, 1808,    • 

Otot  night,    . 
One  honr. 

.0860 
.0080 

Mareh  i,  1808, . 
Harch  4, 1896, . 

1 
OTer  night,    .       .      .0160 

One  honr,                     .0020 

Samples  collected  from  the  galvanized-iron  pipe  showed  the  fol- 
lowing amounts  of  zinc  in  parts  per  100,000 :  — 


Date  of 

COLLICTIOV. 

Time 

Sample  stood 

In  Pipe. 

Zinc. 

Datx  of 

COLLKCTIOH. 

Time 

Sample  stood 

In  Pipe. 

Zinc 

June  22, 1808,  . 
Jnly  20, 1808,  .       . 
July  20, 1898,  . 
Not.  26, 1898,  . 

Twenty-fonr  honn, 
Sixteen  honn, 
One  honr. 
Fifteen  ho\in, 

1.0667 

1.4942 

.0871 

.0467 

Not.  26, 1808,  .       • 
Feb.  10, 1880,  . 
Feb.  10, 1800,  . 

• 
One  honr, 

SeTenteen  honn,  . 

One  honr. 

.1686 
.68n 
.2128 

Samples  collected  from  the  lead  pipe  showed  the  following  amounts 
of  lead  in  parts  per  100,000  :  — 


Date  op 
Collection. 

Time 

Sample  stood 

In  Pipe. 

Lead. 

Date  of 
collbotiom. 

Time 

Sample  stood 

In  Pipe. 

Lead. 

Jan.  22,1896,.       . 
Jan.  22, 1898, . 
Marah  2, 1898,.       . 
Maroh  2, 1898,.       . 
April  6,1898,.       . 
April  6, 1898, . 

Fifteen  honn. 
One  honr. 
Sixteen  honn. 
Two  honn,    . 
Sixteen  honn, 
One  honr. 

.1178 
.0845 
.0204 
.0117 
.0078 
.0068 

Jnly  29, 1808,  . 
Jnly  20, 1808,  . 
Not.  20, 1808,  . 
Not.  26, 1806,  .       . 
Feb.  10, 1880,  .       . 
Feb.  10, 1800,  . 

Sixteen  honn. 
One  honr. 
Fifteen  honre. 
One  honr, 
SeTenteen  honn,  . 
One  honr. 

1  1  1  I  §1  1 

Samples  collected  from  the  block-tin  pipe  showed  the  following 
amounts  of  tin  in  parts  per  100,000 :  — 


Date  of 
CoLLEcnos. 

Time 

Sample  stood 

In  Pipe. 

Tin. 

Date  ov 

COLLEOnOM. 

Time 

Sample  stood 

In  Pipe. 

Tin. 

Jan.  22,1806,. 
Jan.  22, 1806, . 
Mareh  2, 1806, .       . 
Manh2,1806,.       . 
April  6^  1806,  .       . 

Fifteen  honre. 
One  honr, 
Sixteen  honre. 
One  honr, 
Sixteen  honn. 

.0674 
.0000 
.0743 
.0674 
.0387 

AprU  6k  1806»  .       . 
Not.  26, 1806,  . 
NoT.26>1808»  .       . 
FM.  19, 1890,  . 
FWb.  19, 1890,  .       . 

One  honr, 
FIfleenhonn, 
One  hour, 
Befmteen  honn,  . 
One  honr, 

1  1  8  S  i 
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Lowell. 

In  Lowell  experimental  pipes  of  galvanized  iron,  lead  and  tin 
were  placed  in  the  pumping  station  of  the  boulevard  wells,  in  the 
pumping  station  of  the  Cook  wells  and  in  the  city  hall,  where  the 
supply  is  sometimes  from  the  boulevard  wells  and  sometimes  from 
the  Cook  wells.  These  pipes  were  approximately  45  feet  in  length 
and  %  inch  in  diameter,  with  a  faucet  attached  to  each  pipe,  and 
water  was  allowed  to  run  through  them  approximately  the  same  as 
through  the  Fairhaven  and  Kingston  pipes.  The  greater  action 
occurred  in  the  pipes  receiving  water  from  the  Cook  wells,  un- 
doubtedly due  to  the  fact  that  the  average  amount  of  free  carbonic 
acid  in  this  water  at  the  times  of  collecting  samples  was  3.90  parts 
per  100,000 ;  while  in  the  water  from  the  boulevard  wells  it  was 
2.00  parts  per  100,000.  The  city  hall  is  supplied  with  boulevard 
well  water.     Samples  were  collected  from  these  pipes  as  follows  :  — 

Boulevard  Wdls.  —  Samples  collected  from  the  galvanized-iron 
pipe  showed  the  following  amounts  of  zinc  in  parts  per  100,000  :  — 


Datb  Of 

COLLftOTlOV. 

Time 

Sample  stood 

In  Pipe. 

Zinc. 

Datb  of 

COLLKOnOV. 

Time 

Sample  stood 

In  Pipe. 

Zinc. 

Mareh  16, 1800, 
Mftreh  16, 1800, 

Twelve  honn, 
Od«  hour. 

1.8801 
.5080  1 

April  18, 1800, . 
April  18. 1800,.       . 

Twalye  hoara. 
One  hoar, 

1.1167 
.6828 

Samples  collected  from  the  lead  pipe  showed  the  following  amounts 
of  lead  in  parts  per  100,000 :  — 


DATS  or 

COLLKOTIOV. 

Time 

Sample  stood 

in  Pipe. 

Lead. 

Datb  or 

COLLECTIOir. 

Time 

Sample  stood 

In  Pipe. 

Lead. 

Mftitth  16, 1800, 
Mtfeh  16, 1800, 

Twelve  honre, 
One  hoar, 

.1107 
.0880 

April  20, 1800, . 
!  April  ao,  1800, . 

Twelve  hoars, 
One  hoar. 

.1460 
.0400 

Samples  collected  from  the  block-tin  pipe  showed  the  following 
amounts  of  tin  in  parts  per  100,000 :  — 


DATS  or 

COXX«CTIO«. 

Time 

Sample  stood 

in  Pipe. 

Tin. 

Datb  or 

COLLBCnOH. 

Time 

Sample  stood 

In  Pipe. 

Tin. 

lUreh  16, 1800, 
IfMeh  16, 1800, 

Twelve  houn, 
One  hoar. 

.0114 
.0114 

May  10, 1800,   . 
May  10, 1800,    .       . 

Twelve  hoara, 
One  hoar, 

.0186 
.0068 
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Gook  Wells.  —  Samples  collected  from  the  galvanized-iron  pipe 
showed  the  following  amounts  of  zinc  in  parts  per  100,000 :  — 


Datb  of 
collbctiov. 

Ttaiitt 

Sample  stood 

in  ilpe. 

Zinc 

Datb  or 

COLLBOTIOV. 

Time 

Sample  stood 

In  Pipe. 

Zinc. 

March  16, 18M, 
March  16, 1809, 

Twelve  honra,       • 
Ooe  hoar. 

1.9000 
1.6600 

April  18, 1899, . 
April  18, 1899,  . 

Twelve  honra. 
One  hour. 

1.1418 
0.8736 

Samples  collected  from  the  lead  pipe  showed  the  following  amoonts 
of  lead  in  parts  per  100,000 :  — 


Datb  or 

COLLBCTIOH. 

Time 

Sample  stood 

in  Flpe. 

Lead. 

Datb  or 

COLLBCTIOM. 

Time 

Sample  stood 

In  Pipe. 

Lesd. 

March  16, 1899, 
Maroh  16, 1899,       . 

Twelve  honra. 
One  hoar,       . 

.6424 

.0611 

1 

AprU  18, 1899, .       . 
AprU18,1899,. 

Twelve  honra. 
One  hoar. 

.4873 
.8504 

Samples  collected  from  the  block-tin  pipe  showed  the  following 
amounts  of  tin  in  parts  per  100,000  :  — 


Datb  or 

COLLBOTIOH. 

Time 

Sample  stood 

In  Pipe. 

Tin. 

Datb  or 

COLLBCTIOX. 

Time 

Sample  stood 

In  Pipe. 

Tin. 

March  26, 1899, 
March  26, 1899, 

Twelve  hoare, 
One  hoar. 

.0882 
.0140 

May  11, 1809,  .       . 
May  11, 1899.   .       . 

Twelve  hoare. 
One  hoar, 

.001 
.0189 

City  HalL  —  Samples  collected  from  the  galvanized-iron  pipe 
shelved  the  following  amounts  of  zinc  in  parts  per  100,000 :  — 


Datb  or 

COLLBCTIOV. 

Time 

Sample  stood 

in  Pipe. 

Zinc 

Datb  or 

COLLBOnOX. 

Time 

Sample  stood 

mPlpe. 

ZIoe. 

Marah  17, 1899, 
Maroh  17, 1899, 

Twelve  hoan. 
One  hoar, 

10.6898 
.4338 
--r._ 

April  SO,  1899,.       . 
April  20, 1899, .       . 

Twelve  hoare, 
Oae  hoar. 

1.04II 

.429 

Samples  collected  from  the  lead  pipe  showed  the  following  amoaots 
of  lead  in  parts  per  100,000 :  — 


Datb  or 

COLLBOnON. 

Time 

Sample  stood 

In  Pipe. 

Lead. 

1 

Datb  or 

COLLBOTIOSr. 

Time 

Sample  stood 

in  Pipe. 

Ued. 

March  17, 1»0, 
March  17, 1899, 

Twelve  boara, 
Oae  hoar,      • 

.1110 
.0860 

April  18, 1899, . 
April  18, 1899. .       . 

Twelve  hoan. 
One  hoar. 

.2S» 

.ton 
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Samples  collected  from  the  block-tin  pipe  showed  the  following 
amounts  of  tin  in  parts  per  100,000 :  — 


Datb  op 

COLLKCTIOir. 

Time 

Bemple  stood 

in  ripe. 

Tin. 

Datk  op 
oollbctioh. 

Time 

8*mple  stood 

in  Pipe. 

Tin. 

Meroh  17, 1899, 
Mftroh  17, 1899, 

Twelve  houn. 
One  hour. 

.0614 

.0028 

1 

M»yl7,1899,   .       . 
liay  17, 1899,  . 

Twelve  hours. 
One  hour,      . 

.0160 
.0099 

■ 

New  Bedford. 

In  the  pumping  station  of  the  New  Bedford  water  works,  experi- 
mental pipes  were  connected  with  the  main,  a  faucet  attached  to 
eacli  one  and  water  allowed  to  flow  through  them  as  at  the  other 
places.  The  pipes  were  iron,  galvanized  iron,  lead  and  block  tin, 
and  were  each  45  feet  in  length  and  %  inch  in  diameter.  Samples 
were  collected  as  follows  :  — 

Samples  collected  from  the  iron  pipe  showed  the  following  amounts 
of  iron  in  parts  per  100,000  :  — 


Datb  op 

COLLKOTIOM. 

Time 

Sample  stood 

In  Pipe. 

Iron. 

Datb  op 

COLLBCTIOM. 

Time 

Sample  stood 

in  Pipe. 

Iron. 

Feb.  18, 1896,  . 
Feb.  18, 1898,  .       . 
April  8, 1898,   .       . 
April  6, 1888,  .       . 
July  29, 1898,  .       . 
July  29, 1896,  .       . 

Twenty-four  houre. 
One  hour,        . 
Twenty  honrs,       • 
One  hour. 
Fourteen  houn,     . 
One  hour, 

1.8040 
.2700 
.2800 
.0880 
.8900 
.8000 

1 

Sept.  U,  1808, . 
Sept.  14, 1898, . 
Nov.  28, 1898,  .       . 
Nov.  28, 1898, . 
Feb.  21, 1899, .       . 
Feb.  21, 1899, .       . 

Fourteen  houra,     . 
One  hour, 
Twelve  houn. 
One  hour, 
Thirteen  houra,     . 
One  hour, 

.8300 
.1680 
.1800 
.1760 
.6200 
.2000 

Samples  collected  from  the  galvanized-iron  pipe  showed  the  fol- 
lowing amounts  of  zinc  in  parts  per  100,000 :  — 


Datb  op 

COLI.BCTIOV. 

Time 

Sample  stood 

in  Pipe. 

Zinc 

Datb  op 
collbotiob. 

Time 

Sample  stood 

in  Pipe. 

Zinc. 

Feb.    18,1898, 
Feb.    18,1898, 
AprU    8,1898, 
April    6,1896, 
July    29,1898, 
July    29,1898, 

Twenty-four  honn. 
One  hour. 
Twenty  houn, 
One  hour. 
Fourteen  houra. 
One  hour. 

0.7797 
0.4088 
8.0316 
1.4639 
0.8428 
0.8971 

Sept.  14,1898, 
Sept.  14,1898, 
Nov.   22,1896, 
Nov.   22,1898, 
Feb.    21,1899, 
Feb.    21,1899, 

Fourteen  honn,     . 
One  hour. 
Twelve  houn, 
One  hour. 
Thirteen  houra,      . 
One  hour. 

.0143 
.0067 
.9942 
.1948 
.7886 
.8086 

576 


STATE  BOAED  OF  HEALTH.         [Pub.  Doc. 


Samples  collected  from  the  lead  pipe  showed  ihe  following  amounts 
of  lead  in  parts  per  100,000 :  — 


DATS  Of 
COLLBOTIOV. 

Tfme 

Sample  ttood 

in  Pipe. 

Lead. 

DATS  OP 
COLUEOTIOX. 

Tfane 

Remple  atood 

inPlp«. 

Leed. 

Feb.   18,1898,. 
Feb.  18,1898,.       . 
April   6,1898,.       . 
April   6,1898,.       . 
July  29,1898,.       . 
July  29. 1898, .       . 

Twenty-fonr  honre. 
One  honr,        .       • 
Twenty-one  honre. 
One  honr,       . 
Fifteen  honre,        • 
One  honr, 

.8877 
.2670 
.7006 
.0876 
.2828 
.1110 

Sept.  14, 1898, . 
Sept.  14, 1898, . 
Nov.  22,1898,. 
Nov.  22,1898,. 
Feb.  21,1899,. 
Feb.  21, 1899, . 

Fourteen  honre,     . 
One  hour. 
Twelve  honre. 
One  honr,       • 
Thirteen  honre, 
One  hour. 

.46n 
.1080 
.4088 
.116B 
.46Tt 
.2801 

Samples  collected  from  the  block-tin  pipe  showed  the  following 
amounts  of  tin  in  parts  per  100,000  :  — 


Datb  Of 
COLLKOTIOK. 

Time 

Sample  itood 

In  Pipe. 

Tin. 

Datb  op 

COLLXCnOX. 

Time 

Sample  etood 

in  Pipe. 

Tta. 

Feb.  18,1898,.       . 
Feb.  18, 1898, .       . 
April   6.1898,.       . 
April   6,1898,.       . 
July  29, 1898, . 
July  29, 1898, .       . 

Twenty-four  honre. 
One  hour. 
Twenty-one  honre. 
One  honr, 
Fourteen  honre,     . 
One  honr. 

.0629 
.0226 
.0292 
.0000 
.0420 
.0067 

Sept.  14, 1898, . 
Sept.  14, 1808,  . 
Nov.  22, 1898,  . 
Nov.  22, 1898,  . 
Feb.  21, 1899, . 
Feb.  21, 1899, . 

Fourteen  houra. 
One  honr, 
Twelve  honre. 
One  honr, 
Thirteen  hours. 
One  honr. 

.0867 
.QUI 
.118S 
.0748 
.1486 
.0171 
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METHODS  FOR  THE   DETERMINATION  OF  LEAD,  TIN, 
ZINC  AND  COPPER  IN  DRINKING  WATERS. 

The  making  of  many  analyses  for  the  determination  of  lead,  etc., 
necessitated  the  employment  of  a  method  capable  of  determining 
very  small  amounts  of  lead  in  a  reasonably  short  time,  and  with  the 
use  of  one  gallon  or  less  of  water.  Consequently,  much  thought 
and  study  have  been  given  to  improving  methods ;  and  to  the  labora- 
tory force  and  especially  to  Mr.  F.  B.  Forbes  much  of  the  credit  is  due. 
The  ordinary  gravimetric  methods  not  sufficing,  resource  was  had 
to  a  colorimetric  method,  in  which  the  lead  is  precipitated  as  sul- 
phide, which  in  this  finely  divided  state  colors  the  solution  brown, 
and  this  color  is  compared  with  the  color  of  a  standard  solution  of  a 
lead  salt  similarly  treated.  The  method  employed  by  Dr.  Worcester, 
who  made  a  number  of  analyses,  was  first  used  with  a  few  slight 
modifications,  and  was  as  follows :  — 

Three  thousand  five  hundred  cubic  centimeters  of  the  sample  were 
evaporated  in  a  porcelain  dish,  with  the  addition  of  5  cubic  centi- 
meters of  nitric  acid  to  complete  dryness.  The  dish  was  then 
heated  strongly  in  order  to  char  the  organic  matter  and  dehydrate 
the  silica.  After  cooling,  acetic  acid  was  added  and  the  contents 
of  the  dish  boiled.  A  little  dilute  sulphuric  acid  was  then  added  to 
convert  the  lead  to  sulphate,  and  then  an  excess  of  ammonia.  If 
iron  was  present  in  the  water,  it  was  here  precipitated  as  ferric 
hydrate  and  filtered  off,  while  the  lead  sulphate  was  dissolved  by 
the  ammonium  acetate  and  remained  in  solution.  If  copper  was 
present,  the  filtrate  was  colored  blue  by  its  hydrate,  soluble  in  ex- 
cess of  ammonia,  and  this  color  was  compared  with  the  color  of  a 
standard  copper  solution.  If  copper  was  found,  it  was  prevented 
from  being  precipitated  by  the  hydrogen  sulphide  water  that  was 
next  added  by  adding  a  few  drops  of  potassium  cyanide  to  the  solu- 
tion. The  lead  was  precipitated  as  sulphide  by  the  hydrogen  sul- 
phide, and  the  brown  color  imparted  to  the  solution  compared  with 
the  colors  obtained  by  treating  with  hydrogen  sulphide  various 
known  amounts  of  a  standard  solution  of  lead  acetate  made  alkaline 
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with  ammonia.  If  zinc  was  present,  as  was  quite  frequent  on 
account  of  the  use  of  galvanized-iron  pipes  in  connection  with  the 
lead  pipes,  its  sulphide,  which  is  white  and  precipitates  in  alkaline 
solution,  tended  to  interfere  with  the  reading  of  the  lead.  If  the 
amount  of  zinc  sulphide  was,  however,  very  small  compared  with 
the  lead,  ita  effect  on  the  latter  was  neglected.  If  considerable 
zinc  was  present,  the  mixed  sulphides  were  dissolved  in  hot  dilate 
hydrochloric  acid,  and  the  lead  separated  by  hydrogen  sulphide  in 
acid  solution.  The  zinc  was  then  precipitated  as  a  sulphide  in  alka- 
line solution,  the  precipitate  filtered  off,  ignited  and  weighed  as 
zinc  oxide. 

This  method  of  determining  lead,  when  employed  with  clear 
waters  which  contained  very  little  iron,  gave  quite  satisfactory  re- 
sults ;  but  with  waters  containing  considerable  iron  and  also  organic 
coloring  matter,  the  results  were  not  so  satisfactory.  The  filtrate 
from  the  iron  precipitation  was  frequently  so  highly  colored  that  it 
was  impossible  to  read  the  color  of  the  lead  sulphide  obtained  when 
hydrogen  sulphide  was  added.  Strong  heating  of  the  residue  from 
the  evaporation  of  the  water  with  sulphuric  acid  did  not  insure  a 
colorless  filtrate  from  the  precipitation  of  the  iron,  and  in  some 
cases  the  heavy  iron  precipitate  contained  lead.  There  was  abo 
experienced  with  some  waters  high  in  organic  coloring  matters,  a 
difficulty  in  obtaining  a  complete  separation  of  iron.  The  slightest 
amount  of  iron  in  the  filtrate  precipitates  with  hydrogen  sulphide 
in  alkaline  solution,  and  imparts  a  green  color  to  this  solution,  thus 
rendering  the  determination  of  the  amount  of  lead  present  by  color 
reading  difficult. 

In  order  to  learn  how  to  obviate  these  difficulties  a  series  of  ex- 
periments was  made.  In  the  previous  method  the  standard  lead 
solution  consisted  of  a  weighed  quantity  of  lead  acetate  dissolved  in 
a  known  volume  of  water ;  but  this  solution  did  not  remain  of  con- 
stant strength  when  kept  in  glass  bottles.  As  in  every  case  the 
final  condition  in  which  the  lead  was  obtained  before  precipitating 
it  by  hydrogen  sulphide  was  as  sulphate  dissolved  in  ammoniom 
acetate,  it  was  thought  advisable  to  have  the  lead  in  the  standard 
solution  in  the  same  condition.  A  solution  was  prepared  as  fol- 
lows :  — 

To  a  strong  solution  of  lead  acetate,  sulphuric  acid  was  added  in 
slight  excess,  and  the  lead  sulphate  filtered  off  and  washed  free 
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from  acid  with  water.  The  lead  sulphate  was  then  dissolved  in 
ammonium  acetate  solution,  made  by  neutralizing  glacial  acetic  acid 
(sp.  gr.  1.075)  with  concentrated  ammonia  (sp.  gr.  0.90).  This 
solution  was  then  made  up  to  a  known  volume,  and  the  lead  deter- 
mined in  aliquot  portions  by  precipitating  with  potassium  bichro- 
mate, drying  the  lead  chromate  and  weighing.  Two  portions  of  25 
cubic  centimeters  each  gave 

1.  .6829  g.  PbCrO^.      1  c.  c.  :=  .01861  lead. 

2.  .6821  g.  PbCrO^..      1  c.  c.  =  .01364  lead. 

Seventy-five  cubic  centimeters  of  this  solution  were  diluted  to  1  liter 
for  our  standard  solution,  of  which  1  cubic  centimeter  contains 
.001022  lead.  The  strong  solution  did  not  deposit  sediment  on 
standing,  and  frequent  determinations  extending  over  a  period  of 
two  years  have  shown  that  the  strength  of  this  solution  remains 
constant. 

In  all  our  work  it  has  been  customary  to  make  standards  contain- 
ing the  following  amounts  of  lead  solution  :  0,  .1,  .2,  .3,  .4,  .A,  .6, 
.7,  .8,  .9,  1.0,  1.5  and  2.0  cubic  centimeters.  The  standards  are 
made  up  in  100  cubic  centimeter  tubes  such  as  are  ordinarily  used  for 
determining  nitrites,  and  the  determinations  are  made  in  similar 
tubes.  In  the  case  of  the  lower  standards  of  the  scale,  the  colors  are 
compared  by  looking  through  the  whole  depth  of  the  liquid,  the  tube 
being  so  held  that  the  light  is  reflected  up  through  the  bottom.  With 
the  higher  standards,  however,  the  comparison  is  made  by  looking 
through  the  sides  of  the  tubes  while  holding  them  against  a  white 
background.  With  waters  whose  lead  contents  are  unknown,  3,500 
cubic  centimeters  are  evaporated  in  a  7-inch  porcelain  dish  over  a 
Bunsen  flame,  and  the  final  solution  of  the  lead  sulphate  in  am- 
monium acetate  made  up  to  the  mark  in  a  100  cubic  centimeter 
tube.  Half  of  this  is  then  treated  with  hydrogen  sulphide  water, 
in  order  to  get  an  approximate  idea  of  the  amount  of  lead  present. 
In  case  the  lead  is  high,  such  an  amount  of  the  solution  is  taken  as 
will  make  the  reading  fall  within  the  range  of  our  standards,  as  2.0 
cubic  centimeters  of  our  standard  solution  is  as  high  as  can  be  read 
with  accuracy.  The  tubes  containing  the  waters  and  standards  are 
made  up  to  about  two-thirds  full  with  distilled  water,  enough  hy- 
drogen sulphide  water  added  quickly  to  fill  them  to  the  mark,  and, 
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after  shaking,  the  readings  are  made  as  rapidly  as  possible,  as  the 
standards  grow  turbid  with  separation  of  sulphur. 

In  order  to  determine  the  effect  of  iron  upon  the  separation  of  the 
lead  from  waters  containing  coloring  matters,  portions  of  3,500 
cubic  centimeters  each  of  Boston  water  were  evaporated,  with  the 
addition  to  each  of  the  same  amount  of  standard  lead  solution  and 
different  amounts  of  iron  varying  from  .025  to  2.50  parts  per  100,- 
000.  The  samples  were  evaporated  with  the  addition  of  5  cubic 
centimeters  of  nitric  acid  to  a  volume  of  about  500  cubic  centi- 
meters, an  excess  of  ammonia  added,  and  the  iron  precipitate  filtered 
off  and  washed  with  water.  The  filtrates  were  then  evaporated  to 
dryness,  heated  strongly  in  order  to  char  the  organic  matter,  and  a 
few  drops  of  sulphuric  acid  added  to  convert  the  lead  to  sulphate. 
Acetic  acid  was  then  added  and  an  excess  of  ammonia,  and,  after 
filtering  from  the  charred  organic  matter  and  dehydrated  silica,  the 
lead,  which  was  then  as  sulphate  dissolved  in  ammonium  acetate, 
was  determined  by  precipitating  with  hydrogen  sulphide  water  and 
comparing  with  standards.  The  amounts  of  lead  found  varied  jd- 
versely  with  the  amounts  of  iron  added.  Where  only  .025  part 
iron  was  added,  all  the  lead  was  obtained  again ;  but  with  increas- 
ing amounts  of  iron,  less  lead  was  found,  and  with  2.5  parts  iron 
present,  no  lead  at  all. 

Two  samples  of  water,  each  containing  the  same  amount  of  lead, 
were  evaporated  to  dryness  in  porcelain  dishes  with  nitric  acid,  and 
while  one  was  heated  gently  and  cautiously,  the  other  was  heated 
in  the  full  flame  of  the  blast  lamp.  They  were  then  treated  with 
sulphuric  acid  and  ammonium  acetate  as  above,  and  the  amounts  of 
lead  found  were  in  both  cases  the  amount  added.  There  was  a]>- 
parently  no  loss  by  volatilization  where  strong  heat  was  applied  to 
the  residue  from  the  evaporation.  It  was  thus  evident  that  in  the 
above  experiments  the  lead  had  been  dragged  down  by  the  heavy 
precipitate  of  feme  hydrate.  As  this  provided  a  means  of  separat- 
ing the  lead  together  with  the  iron  from  the  soluble  coloring  matter, 
the  following  method  was  adopted  and  used  for  the  determination 
of  lead  in  a  considerable  number  of  samples  of  water  which  con- 
tained both  iron  and  organic  coloring  matters  :  — 

To  3,500  cubic  centimeters  of  the  sample  enough  ferrous  am- 
monium sulphate  solution  was  added  to  insure  the  presence  of  over 
2y2  parts  per  100,000  of  iron.     If  an  excessive  amount  of  lead  was 
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suspected,  more  iron  was  used,  and  in  addition  a  drop  or  two  of 
sulphuric  acid.  The  water  was  then  concentrated  in  a  porcelain 
dish,  with  the  addition  of  5  cubic  centimeters  of  nitric  acid  to  a 
volume  of  about  500  cubic  centimeters,  an  excess  of  ammonia 
added,  boiled  a  few  moments,  and  filtered  through  a  large  plaited 
Swedish  filter.  By  this  procedure  the  lead  was  changed  to  sulphate 
and  was  carried  down  by  the  heavy  precipitate  of  ferric  hydrate. 
The  very  soluble  coloring  matter  went  through  in  the  filtrate,  as 
did  also  copper,  if  present,  its  hydrate  being  soluble  in  excess  of 
ammonia.  Zinc  was  also  found  in  the  filtrate,  its  hydrate  being 
soluble  in  excess  of  ammonia.  This  filtrate  was  acidified  with 
hydrochloric  acid  and  its  freedom  from  lead  proved  by  addition  of 
hydrogen  sulphide.  In  case  a  precipitate  appeared  it  was  filtered 
off,  dissolved  in  hydrochloric  acid  and  the  solution  added  to  the 
main  hydrochloric  acid  solution.  The  precipitate  of  iron  containing 
the  lead  was  washed  once  with  hot  water,  then  dissolved  off  the 
filter  into  a  beaker  with  hot  dilute  hydrochloric  acid.  About  10 
cubic  centimeters  of  concentrated  sulphuric  acid  were  then  added, 
and  all  the  hydrochloric  acid  expelled  over  a  lamp.  After  cooling, 
about  200  cubic  centimeters  of  a  mixture  of  1  part  water  and  2 
parts  95  per  cent,  alcohol  were  added,  and  the  beaker  allowed  to 
stand  over  night.  The  lead  sulphate  was  then  filtered  off  and 
w^ashed  with  50  per  cent,  alcohol  until  the  washings  were  free  from 
iron.  The  filter  was  then  transferred  to  a  beaker  and  boiled  with 
about  40  cubic  centimeters  of  ammonium  acetate,  made  by  neutral- 
izing glacial  acetic  acid  (sp.  gr.  1.075)  with  concentrated  ammonia 
(sp.  gr.  .90).  Lead  sulphate  being  easily  soluble,  boiling  once 
with  a  strong  ammonium  acetate  solution  and  washing  once  with 
hot  dilute  solution  and  then  with  water  was  generally  sufficient  to 
extract  all  the  lead  sulphate,  and  the  last  of  the  wash  water  from 
the  filter  through  which  the  solution  was  poured  was  generally  free 
from  lead.  The  filtrate  was  made  up  to  a  definite  volume,  and  an 
aliquot  portion  treated  with  freshly  prepared  hydrogen  sulphide 
water.  The  color  was  compared  with  a  set  of  standards  made  by 
treating  with  hydrogen  sulphide  water  various  amounts  of  the 
standard  solution  of  lead  sulphate  in  ammonium  acetate.  The  fil- 
trates obtained  by  this  method  were  generally  colorless  and  clear, 
and  good  colors  were  obtained  with  hydrogen  sulphide  water  in 
either  acid  or  alkaline  solution.     For  convenience,  both  the  am- 
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monium  acetate  solution,  used  for  dissolving  the  lead  sulphate,  and 
the  standard  solution  were  made  slightly  acid  with  acetic  acid. 

This  method,  as  before  stated,  gave  quite  satisfactorj"  results,  bat 
was  open  to  the  following  objections :  — 

1.  The  concentration  of  the  filtrate  from  the  iron  precipitation, 
in  order  to  test  it  and  insure  its  freedom  from  lead,  was  a  time- 
consuming  operation,  as  was  also  the  washing  of  the  lead  sulphate 
free  from  the  large  amount  of  iron. 

2.  The  lead  was  precipitated  from  solution  twice  as  sulphate 
during  the  process,  thus  increasing  the  liability  of  loss  on  accoant 
of  its  slight  solubility,  and  also  the  possibility  of  subsequent  incom- 
plete solution  from  the  filters. 

In  order  to  obviate  these  difficulties,  the  following  method  was 
devised  and  has  been  used  for  the  past  year :  3,500  cubic  centimeters 
of  the  sample  are  evaporated  in  a  porcelain  dish  to  a  volume  of  25 
or  30  cubic  centimeters,  10  or  15  cubic  centimeters  of  anmnonium 
chloride,  solution  added  to  assist  the  separation  of  the  sulphides,  and 
a  considerable  excess  of  strong  ammonia.  Hydrogen  sulphide  water 
is  then  added  and  the  dish  allowed  to  stand  some  hours,  after  which 
more  ammonia  and  hydrogen  sulphide  water  are  added.  The  con- 
tents of  the  dish  are  then  boiled  a  few  moments  to  expel  excess  of 
hydrogen  sulphide  and,  after  allowing  the  precipitate  to  settle, 
filtered.  The  precipitate  contains  all  the  lead  and  iron  and  sus- 
pended organic  matter,  also  copper  and  zinc,  if  present,  as  sul- 
phides, while  the  soluble  coloring  matter  passes  into  the  filtrate. 
Aft»r  washing  once  with  hot  water,  the  filter  is  placed  in  the  origi- 
nal dish  and  the  sulphides  dissolved  by  boiling  in  dilute  nitric  acid 
(1  part  acid,  sp.  gr.  1.2,  to  5  parts  water),  rubbing  the  sides  of  the 
dish  with  a  bit  of  filter  paper  if  necessary  to  detach  any  sulphide 
precipitate  which  adheres.  After  filtering  and  washing  free  firom 
acid,  the  filtrate  is  evaporated  to  a  bulk  of  10  or  15  cubic  centi- 
meters, cooled,  5  cubic  centimeters  concentrated  sulphuric  acid  (sp. 
gr.  1.84)  added,  and  heated  until  copious  ftimes  of  sulphuric  acid 
come  off.  At  this  point,  if  the  original  water  contained  little  iron 
(less  than  .025  part),  acetic  acid  and  ammonia  are  added  directly, 
and  after  boiling  and  filtering  off  the  iron,  dehydrated  silica  and 
insoluble  organic  matter,  the  lead  is  read  in  the  alkaline  filtrtte, 
the  standards  being  also  made  alkaline  with  ammonia. 

If  the  original  water  contains  over  .025  part  iron,  however,  the 
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lead  sulphate  is  washed  into  a  beaker  with  [alcohol  and  water,  and 
allowed  to  settle  over  night,  as  before.  The  lead  sulphate  is  then 
filtered  off,  washed  with  50  per  cent,  alcohol  until  free  from  iron, 
and  then  dissolved  by  boiling  the  filter  with  ammonium  acetate  in 
the  porcelain  dish.  After  filtering,  the  lead  is  determined  in  alka- 
line solution.  Portions  of  Boston  tap  water,  to  which  standard  lead 
solution  was  added,  gave  by  this  latter  method,  using  alcohol  sep- 
aration, the  following :  — 


Lead  Solation 
•dded  (Cable 
CtntimMU'). 

Lead  Solatlon 
found  (Cable 
Centinieter). 

Lead  Solatlon 
added  (Gable 
Centimeter). 

Lead  Sola- 
tlon found 

(Cubic 
Centimeter). 

Lead  8ola- 
tion  added 

(Cable 
Centimeter). 

Lead  Solu- 
tion found 

(Cubic 
Centimeter). 

Lead  Sola- 
tlon added 

(Cubic 
Centimeter). 

Lead  Sola- 
tlon found 

(Cubic 
Centimeter). 

0.6 
1.0 

0.50 
0.05 

8.00 
6.00 

8.10 
5.10 

10.0 

10.00 

25.0 

25.00 

Portions  of  Boston  tap  ^Y^ter,  which  contained  .020  part  iron 
and  to  which  lead  was  added,  were  treated  by  the  above  method, 
except  that,  after  obtaining  the  lead  as  sulphate  freed  from  the 
coloring  matter;  acetic  acid  and  ammonia  were  added  directly,  with- 
out separating  out  the  lead  sulphate  in  alcohol.  The  ferric  hydrate 
was  filtered  off  and  the  lead  sulphate  in  ammonium  acetate  solu- 
tion determined  in  the  usual  manner.  The  following  results  were 
obtained :  — 


Lead  flolntlon 
added  (Coble 
Centimeter). 

Lead  Solatlon 

obtained  (Cable 

Centimeter). 

Lead  Solatlon 
added  (Cubic 
Centimeter). 

Lead  Solution 

obtained  (Cable 

Centimeter). 

Lead  Solution 
added  (Cubic 
Centimeter). 

Lead  Solution 

obtained  (Cable 

Centimeter). 

0.2 
0.5 
1.0 

0.2 
0.5 
0.0 

2.0 
8.0 
4.0 

2.0 
2.8 
8.0 

5.0 
10.0 
20.0 

4.6 

0.0 

17.0 

Further  experiments  were  made  with  larger  amounts  of  iron  than 
.025  part  present  to  see  if,  after  disposing  of  the  organic  coloring 
matter,  the  iron  could  be  successfully  separated  from  the  lead  sul- 
phate dissolved  in  ammonium  acetate.  Portions  of  3,500  cubic 
centimeters  of  Boston  tap  water  which  contained  .028  part  iron 
were  evaporated  with  the  addition  to  each  of  1  cubic  centimeter 
standard  lead  solution  and  different  amounts  of  iron.  The  follow- 
ing results  were  obtained :  — 


584 


STATE  BOARD  OF  HEALTH.         [Pab.  Doc, 


Inm  oriirlfMiny 
pRMOt  (Parts). 

Iron 
added. 

Lnd 
found. 

t 

Iron  oiiilDany       Iron 
praMnt  (Parta).    added. 

=1 
Lead     1  Iron  oriaHamBj  •     Imn 
found.      pHiiint(Pnrti>.    ndded. 

Lead 

.038 

.005 
.010 
.020 

1.00 
1.10 
0.05 

.025 
.085 
.100 

O.ttI 
1.00 
0.85 

.300           .00 
•500           .40 

1 
■ 

This  method  of  separating  the  metals  as  salphides  from  the 
solable  coloring  matter  at  the  start  has  proved  the  most  satisfactory 
of  any  yet  tried.  It  has  been  customary  to  determine  the  iron  con- 
tents of  all  our  waters,  and  knowing  this,  the  variation  of  the 
method  to  be  applied  is  determined.  With  a  small  amount  of  iron 
present,  no  difficulty  is  experienced  in  separating  the  iron  by  am* 
monia  from  the  solution  in  which  the  lead  sulphate  remains  dis- 
solved in  ammonium  acetate ;  but  with  moderate  amounts  of  iron, 
it  is  best,  in  order  to  insure  colorless  filtrates  in  which  to  read  the 
lead,  to  first  separate  the  lead  sulphate  by  alcohol,  leaving  the  iron 
in  solution,  and  after  filtering  and  washing  free  from  iron,  to  dis- 
solve the  lead  sulphate  by  boiling  with  ammonium  acetate. 

In  the  absence  of  both  organic  coloring  matter  and  iron  and  other 
metals,  the  water  is  evaporated  dry,  fumed  with  sulphuric  acid  and 
treated  directly  with  ammonium  acetate.  The  solution  is  then 
treated  with  hydrogen  sulphide  water  and  compared  with  standards. 

Lead  may  be  precipitated  by  hydrogen  sulphide  in  either  an  acid 
or  alkaline  solution,  and  compared  with  standards  made  either  acid 
or  alkaline,  to  correspond.  It  has  been  found,  however,  that  the 
colors  obtained  in  acetic  acid  solution  are  more  easily  read  and 
slower  in  changing  than  those  in  alkaline  solution. 

Copper  occurs  so  rarely  and  in  such  small  amounts  in  the  waters 
that  we  have  examined,  that  it  has  not  interfered  with  the  lead 
determination.  K  present,  it  is  detected  by  the  blue  color  imparted 
to  the  ammoniacal  filtrate  from  the  iron  precipitation. 

Zinc  is  frequently  found  in  waters  which  have  been  drawn  through 
galvanized  pipes.  It  precipitates  with  the  other  metals  as  sulphide 
in  alkaline  solution,  and  is  converted  to  sulphate  with  the  lead. 
While  the  lead  sulphate  is  separated  insoluble  in  alcohol  and  water, 
the  zinc  sulphate,  being  soluble,  is  found  in  the  filtrate  with  the 
iron.  The  iron  is  precipitated  by  excess  of  ammonia,  and  the  zinc 
then  precipitated  in  the  ammoniacal  filtrate  by  hydrogen  sulphide. 
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The  zinc  sulphide  is  filtered  off,  ignited  carefully  in  a  porcelain 
crucible  to  zinc  oxide,  and  weighed.  When  zinc  alone  is  to  be 
determined,  the  first  precipitate  of  sulphides  is  dissolved  in  dilute 
hydrochloric  acid,  and  the  iron  precipitated  by  excess  of  sodium 
hydrate.  The  filtrate  is  made  slightly  acid  with  acetic  acid,  and  the 
zinc  precipitated  by  hydrogen  sulphide  water  in  a  stoppered  flask, 
which  is  allowed  to  stand  several  hours  with  occasional  shaking. 
The  zinc  sulphide  is  then  filtered  off,  ignited  to  zinc  oxide  and 
weighed. 

Tin  has  seldom  occurred  in  waters  containing  lead  and  zinc,  but 
when  present  alone  has  been  precipitated  as  the  sulphide,  filtered^ 
washed,  dried  and  carefully  ignited  in  a  porcelain  crucible  to  tin 
oxide  (SnOj)  and  weighed. 


THE 
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Purification  of  the  Sewage  of  Cities  and  Towns  in 

Massachusehs. 


By  X.  H.  GooDNOUon,  Ch^f  Engineer  of  the  Board,  and  William  8.  Johnson,  A$$t.  Engineer. 


The  investigations  of  the  Massachasetts  State  Board  of  Health 
with  reference  to  the  purification  of  sewage  were  begun  in  1887. 
At  that  time  works  had  been  constructed  for  the  purification  of  the 
sewage  of  a  few  public  institutions  and  two  or  three  small  towns, 
but  in  general  the  cities  and  towns  which  were  provided  with  sew- 
erage systems  discharged  the  sewage  in  a  crude  state  into  the  sea  or 
into  some  convenient  stream. 

Very  little  was  definitely  known  anywhere  of  the  conditions  most 
favorable  for  the  purification  of  sewage  by  filtration  or  the  methods 
of  operation  necessary  to  produce  the  most  satisfactory  results,  and 
the  Lawrence  Experiment  Station  was  established  for  the  purpose 
of  obtaining  reliable  information  as  to  what  could  be  accomplished 
by  the  filtration  of  sewage  through  soils,  sands  and  gravels  found 
at  places  suitably  located  for  filtration  areas,  and  through  other 
materials  which  might  be  proposed  for  the  purification  of  sewage. 
This  information  was  urgently  needed  in  advising  cities,  towns,  cor- 
porations, etc.,  in  the  State  as  to  the  purification  and  disposal  of 
sewage,  and  the  results  of  the  experimental  work  of  the  Board  at  the 
Lawrence  Experiment  Station  have  been  published  in  the  reports 
of  the  Board  since  1887. 

At  the  present  time  works  for  the  purification  of  sewage  by  filtra- 
tion, based  largely  upon  the  information  obtained  by  experiments 
at  Lawrence,  are  in  operation  in  14  towns  and  cities  of  the  State, 
ranging  in  population  from  600  to  35,000,  and  also  in  many  large 
public  and  semi-public  institutions,  and  it  is  now  possible  to  con- 
sider the  results  which  have  been  accomplished  in  a  practical  way 
in  the  filtration  of  sewage  for  several  years  at  various  filtration 
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areas  where  the  works  are  operated  on  a  large  scale  and  under 
various  conditions. 

While  at  nearly  all  of  the  works  which  will  be  described  herein 
the  method  of  purification  followed  is  the  same,  that  is,  the  sewage 
is  applied  intermittently  to  areas  of  prepared  beds  of  sand  or  gravel 
about  5  feet  in  depth,  there  is  a  great  difierence  in  the  character 
of  the  sewage,  in  the  arrangement  of  the  works,  in  the  character  of 
the  filtering  material  and  in  the  methods  of  operating  the  filter-beds. 
Many  samples  of  sewage  and  effluent  from  the  various  works  have 
been  analyzed  by  the  Board,  to  determine  the  character  of  the  sew- 
age and  the  degree  of  purification  efiected,  and  the  quality  of  the 
soil  of  the  filters  has  been  determined  by  mechanical  and  chemical 
analyses.  Records  of  measurements  of  the  quantity  of  sewage  and 
of  the  method  of  operating  the  works  have  in  some  places  been  kept 
by  the  officials  in  charge  of  the  works,  and  in  other  cases,  where  no 
records  are  kept,  measurements  and  observations  have  been  made 
under  the  direction  of  the  Board. 

The  results  obtained  by  applying  the  information  furnished  by  the 
experiments  at  Lawrence  to  the  purification  of  sewage  in  a  practical 
way  and  upon  a  large  scale  have  been  highly  satisfactory,  and  the 
information  obtained  from  the  operation  of  these  works,  taken  in  con- 
nection with  the  results  of  the  experiments  carried  on  at  Lawrence, 
is  of  great  value  in  designing  and  operating  sewage-disposal  works. 

It  may  be  added,  that  the  works  herein  described  were  built  under 
various  legislative  acts,  and  that  the  State  Board  of  Health  has  no 
control  over  the  ordinary  management  of  the  works. 

Brockton. 

Estimated  population  in  1898,  36,688. 

The  city  of  Brockton  is  situated  within  the  water-shed  of  Salis- 
bury Plain  River,  a  small  stream  which  flows  through  the  centre  of 
the  thickly  populated  section  of  the  city.  The  principal  industry 
is  the  manufacture  of  shoes,  and  there  is  a  large  number  of  factories 
in  various  parts  of  the  city. 

A  water  supply  was  introduced  in  1880  and  is  in  general  use 
throughout  the  city.  The  average  daily  consumption  of  water  in 
1898  was  1,012,000  gallons,  or  28  gallons  per  capita. 

The  sewerage  system  was  first  put  in  operation  in  the  latter  part 
of  the  year  1894.  The  sewage  is  conveyed  through  main  sewers  to 
a  pumping  station  located  in  the  southerly  part  of  the  city.     At  the 
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pumping  station  the  sewage  is  received  into  a  covered  masonry 
reservoir,  from  which  it  is  pumped  to  the  filtration  area  located 
about  3^  miles  away  upon  land  draining  into  the  head  waters  of  the 
Taunton  River. 

In  designing  the  system,  it  was  planned  to  take  house  sewage 
only,  and  to  exclude  all  surface  water  and,  so  far  as  practicable,  all 
ground  water  from  the  sewers.  Special  care  was  taken  in  con- 
structing the  sewers  to  prevent  the  entrance  of  ground  water,  and 
underdrains  are  placed  beneath  all  sewers  which  are  laid  below  the 
ground- water  level.  There  are  several  main  lines  of  brick  sewers, 
but  the  principal  part  of  the  system  is  constructed  of  pipe  sewers. 
The  main  sewer,  which  is  of  brick,  is  laid  in  the  valley  of  the  river 
at  a  level  considerably  below  the  level  of  the  water  in  the  stream, 
and  at  times  of  high  water  in  the  river  the  surface  of  the  ground 
in  the  vicinity  of  the  sewer  is  flooded.  When  the  main  sewer 
was  completed,  and  before  any  connections  had  been  made,  the 
amount  of  leakage  was  measured  at  a  time  when  the  water  in  the 
stream  was  low,  and  the  results  are  given  in  a  report  of  the  city 
engineer.  In  a  section  of  the  sewer  about  2,000  feet  long,  just 
above  the  pumping  station,  the  leakage  was  found  to  be  about 
17,000  gallons  per  day,  or  about  45,000  gallons  per  day  per  mile  of 
sewer.  The  entire  amount  of  leakage  in  the  main  sewer,  which  had, 
at  the  time  measurements  were  made,  a  length  of  10,400  feet,  was 
about  120,000  gallons  per  day,  or  61,000  gallons  per  mile  of  sewer, 
at  a  time  when  the  water  in  the  river  was  low.  At  a  time  of  his:h 
water,  when  the  meadows  along  the  river  were  flooded,  it  was  found 
that  the  leakage  in  this  length  of  sewer  was  in  the  vicinity  of 
350,000  gallons  per  day,  or  178,000  gallons  per  mile  of  sewer. 
This  was  in  a  section  of  brick  sewer  of  a  maximum  size  at  the  lower 
end  of  32  inches  by  48  inches,  where  underdrains  were  built  be- 
neath the  sewers,  and  particular  care  was  taken  to  make  the  sewers 
tight. 

At  the  end  of  the  year  1898,  18.27  miles  of  sewers  had  been  con- 
structed and  there  were  647  connections  with  the  system,  40  of 
which  were  from  factories. 

Careful  records  have  been  kept  by  the  city,  so  that  reliable  data 
have  been  obtained  of  the  quantity  of  sewage  flowing  from  the  city 
each  day  since  the  works  were  first  operated.  The  following  table 
gives  the  average  monthly  flow  of  sewage  according  to  these  records 
since  1895 :  — 
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Quaniity  of  Sewage  flowing  from  City  of  Brockton, 

[OalloDt  per  Day.] 


Mouth  — 1898. 


January, 
Febraary,     , 
ICareh,   . 
April,    .       . 
May.      . 
June, 
July,      . 
Angnat, . 
September,    . 
October, 
November,    . 
December,     . 
Average, 


S16,000 

474,000 

014,000 

109,000 

608,000 

642,000 

142,000 

648,000 

050,000 

ttO,000 

476,000 

702,000 

888,000 

822,000 

680,000 

228,000 

882,000 

666,000 

106,000 

828,000 

587.000 

278,000 

800,000 

668,000 

275,000 

627,000 

468,000 

488,000 

000,000 

S0B.000 

474,000 

810,000 

402,000 

518,000 

650,000 

607,000 

208,000 

488,000 

664,000 

497,000 
885,000 
777^000 


780^000 

608,000 
748,100 

610,000 
740,000 
844,000 
077,000 


T2VM0 


The  following  table  gives  the  average,  maximum  and  minimam 
daily  flow  of  sewage  during  the  year  1898,  and  the  flow  per  inhabi- 
tant, per  connection  with  the  sewer  system  and  per  mile  of  sewers 
in  use : — 


Average 

(QalloDaper 
Day). 


Mazlmom 

(Qallontpei 

l>ay). 


ICtDiBkflB 

(GalliNUM 

Day). 


Total  flow, . 
Flow  per  Inhabitant, 
Flow  per  connection. 
Flow  per  mile  of  sewera. 


722,000 

10.7 

1,110 

80,520 


2,440,000 
06.6 

8,n2 

183,600 


8.0 

608 


17,1 


The  sewage  is  received  at  the  pumping  station  in  a  masonry  reser- 
voir having  a  capacity  of  619  JKK)  gallons,  designed  to  hold  the  night 
flow,  in  order  that  the  pumping  may  be  done  in  the  daytime.  From 
this  reservoir  the  sewage  passes  through  screens  consisting  of  iron 
slats  with  an  open  space  between  them  of  three-quai-ters  of  an  inch, 
and  thence  passes  to  the  pumps. 

The  screens  are  so  arranged  that  they  are  entirely  submerged 
when  the  reservoir  is  full,  and  the  entire  screen  area  of  about  100 
square  feet  is  available  at  that  time.     As  the  level  of  the  sewage  in 


No.  34.] 


PURIFICATION  OF  SEWAGE. 


593 


the  reservQir  goes  down  the  available  screen  area  is  diminished,  the 
bottom  of  the  screens  being  bat  slightly  below  the  bottom  of  the 
reservoir.  It  is  necessary  to  clean  the  screens  several  times  each 
day  wliile  the  pamps  are  being  operated.  The  material  removed  is 
burned  beneath  the  boilers.  , 

The  solid  matter  which  accumulates  at  the  bottom  of  the  reservoir 
is  removed  by  stirring  it  up  when  there  remains  only  about  a  foot 
of  sewage  in  the  reservoir  and  pumping  it  to  the  filter-beds.  This 
stirring  is  done  by  means  of  an  agitator  which  consists  of  perforated 
pipes  laid  on  the  bottom  of  the  reservoir  and  connected  with  the 
force  main,  through  which  the  sewage  can  be  discharged  under  a 
head.  In  this  manner  the  solid  matter  on  the  bottom  is  mixed 
with  the  sewage  remaining  in  the  reservoir  and  passes  into  the  pump 
well. 

An  overflow  has  been  provided  at  the  point  where  the  main  sewer 
enters  the  reservoir,  so  that  crude  sewage  can  be  discharged  directly 
into  the  Salisbury  Plain  River  either  from  the  reservoir  or  from 
the  main  sewer.  At  times  when  the  flow  of  sewage  is  large  it 
appears  that  this  overflow  has  been  used  frequently,  although  the 
filtration  area  has  a  sufficient  capacity  to  provide  for  all  of  the 
sewage  flowing.  As  already  stated,  records  are  kept  at  the  pump- 
ing station  of  the  quantity  of  sewage  discharged  from  the  main 
sewer,  a  summary  of  which  has  been  given  in  a  preceding  table. 
Records  are  also  kept  of  the  quantity  of  sewage  pumped,  and  the 
difierence  between  these  two  quantities  represents  approximately 
the  quantity  which  is  discharged  directly  in  an  unpurified  state  into 
the  Salisbury  Plain  River.  The  following  table  gives  the  quantity 
discharged  into  the  river  during  each  month  of  the  year  1898,  as 
shown  by  the  records  kept  at  the  pumping  station  :  — 


MONTH. 

QUAVTITT  OV  SKWAOB 
DISCHAVetD  IHTO  8AUSBUET 

Plaih  Biybb. 

1 

MONTH. 
1S»8. 

QUAHTITT  OV  SbWAOB 
DUGHABGBD  IBTO  8AUSBDBT 

1899. 

Total 
Gallons. 

Oallont  per 
Day, 

Total 
Oalloiit. 

GaUoDi  per 
Day. 

Jaooery,    • 

February,  . 

Hareb, 

April,         .       .       . 

May 

Jane,  .... 

0,700,000 

726,000 

8,801,000 

2,448,000 

800,000 

280,800 
28,400 

128,700 
78,000 
28,200 

July,  .... 
Angmt,     . 
September, 
October,     . 
NoTomber, 
December, 

118,000 
1,147,000 

4,000,000 
2,040,000 
0,144,000 

8,800 
37,000 

161,100 

08,900 

108,100 
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Sewage  is  forced  to  the  filter-beds  by  two  pumping  engines,  each 
of  which  has  a  capacity  of  5,000,000  gallons  in  twenty-four  hours. 
These  pumps  are  provided  with  ordinary  water  valres  which  are 
said  to  require  frequent  attention,  on  account  of  substances  getting 
caught  beneath  them. 

The  force  main  from  the  pumping  station  to  the  filtration  area  is 
a  cast-iron  pipe  24  inches  in  diameter  and  17,500  feet  in  length. 
It  is  so  arranged  that  the  contents  of  about  1,500  feet  of  the  pipe 
flow  by  gravity  upon  the  filter-beds  when  the  pumps  are  stopped. 
The  sewage  in  the  remaining  length  of  pipe  remains  there  until 
pumping  is  resumed.  The  total  quantity  of  sewage  remaining  in  the 
pipe  when  pumping  ceases  is  about  376,000  gallons. 

The  filtration  area  is  located  in  the  south-westerly  comer  of  the 
city,  adjoining  the  towns  of  Easton  and  West  Bridge  water.  The  area 
purchased  by  the  city  comprises  38.7  acres,  on  which  23  filter-beds 
have  been  prepared  having  an  average  area  of  about  an  acre.  The 
beds  were  prepared  for  receiving  sewage  by  the  removal  of  all  of  the 
loam  from  the  surface.  In  12  of  the  beds  all  the  subsoil  was  removed ; 
6  beds  have  a  surface  in  some  parts  of  sand  and  in  others  of  subsoil, 
and  in  the.  remaining  5  beds  the  entire  surface  is  covered  with  a  layer 
of  subsoil.  None  of  the  material  left  in  the  filter-beds  was  disturbed 
except  that  necessary  in  grading  the  beds  and  constructing  the 
underdrains.  The  sewage  is  distributed  on  the  beds  by  means  of 
wooden  carriers  which  are  laid  across  the  bed  from  the  centre  of  one 
side  and  so  arranged  as  to  discharge  the  sewage  at  several  points. 

A  lai^e  number  of  test  pits  was  dug  previous  to  the  construction 
of  the  filter-beds,  in  order  to  determine  the  character  of  the  filtering 
material,  but  no  samples  of  soil  have  been  examined  since  the  beds 
were  completed.  The  subsoil  in  general  has  an  effective  size*  of 
about  0.07  of  a  millimeter,  and  contains  about  100  parts  per 
100,000  of  albuminoid  ammonia,  while  the  effective  size  of  the  sand 
varies  from  0.04  to  0.75  of  a  millimeter.  The  sand  is  stratified, 
but  the  different  strata  are  not  separated,  in  most  cases,  by  a  distinct 
line  of  stratification,  and  the  material  in  general  is  coarse  and 
porous.  In  some  places  a  thin  stratum  of  clay  is  found  in  the  sand 
at  a  depth  of  from  7  to  8  feet  beneath  the  surface  of  the  bed.  This 
stratum  of  clay  is  found  in  10  of  the  beds  and  these  beds  have  been 
very  thoroughly  underdrainod,  the  underdrains  being  laid  just  above 
the  stratum  of  clay. 

*  See  fooi-Dote  on  page  608. 
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The  nnderdrains  are  laid  about  60  feet  apart  and  discharge  into  two 
main  anderdrains,  one  of  which  discharges  into  the  Coweeset  River 
and  the  other  into  Daly  Brook,  a  tributary  of  Coweeset  River. 

As  ah*eady  stated,  the  solid  matter  which  accumulates  in  the 
bottom  of  the  reservoir  is  mixed  with  a  small  quantity  of  sewage 
remaining  when  the  reservoir  is  nearly  empty,  and  then  pumped 
into  the  force  main.  After  the  reservoir  is  emptied  the  pumps  are 
stopped  and  this  heavier  sewage  remains  in  the  lower  end  of  the 
force  main  until  pumping  is  resumed  next  day,  when  it  is  discharged 
at  the  filter-beds.  The  heavier  sewage  is  usually  discharged  upon  a 
separate  bed  from  the  rest  of  the  sewage,  and  a  record  is  kept  of 
the  quantity  received  each  day.  The  sewage  remaining  in  the  force 
main  over  night  becomes  somewhat  decomposed,  and  when  it  is  re- 
ceived at  the  beds  it  is  very  foul  smelling,  but  it  is  disposed  of  upon 
the  beds  without  much  diflSculty.  After  this  heavy  sewage  is  dried 
there  remains  upon  the  surface  of  the  bed  a  thin  layer  of  solid 
matter,  which  is  raked  up,  removed  from  the  beds  and  burned  or 
used  as  a  fertilizer. 

As  before  stated,  a  large  quantity  of  sewage  is  discharged  at  times 
into  the  Salisbury  Plain  River  near  the  pumping  station,  so  that 
the  record  previously  given  of  the  quantity  of  sewage  flowing  in  the 
sewers  does  not  represent  the  quantity  purified  at  the  filtration  area. 
The  average  daily  quantity  of  ordinary  sewage  and  of  heavy  sewage 
from  the  bottom  of  the  reservoir  purified  each  month  during  1898 
as  shown  by  the  records  kept  at  the  filter-beds,  is  given  in  the  fol- 
lowing table.  Four  of  the  filter-beds  have  as  yet  never  received 
any  sewage,  and  the  remaining  beds  are  evidently  capable  of  purify- 
ing a  considerably  greater  quantity  of  sewage  than  they  now  receive. 


Mouth  ->  1998. 


Qoantlly  of 

Ordinary  Hewag« 

punfled 

(Gallons  per 

l>«y). 


Quantity  of 

Heavy  Sewage 

parlfled 

(Qallona  per 

Day). 


Total  Quantity 

purified 

(Gallons  per 

Day). 


JanoAry,  . 
Febmary, 

April, 
May, . 

June, 
July, . 
Angait.  . 
September, 
October,  . 
lYoToinbor, 
Deeemb^r, 

ATorage, 


444,800 
689,000 
071,800 
608,300 
624.400 
628.100 
683,600 
092.200 
498,800 
688,800 
606.400 
702,200 


608,800 


66,800 
63,800 
64,000 
60,000 
69,600 
86,200 
46,000 
86,200 
11,200 

67,000 
62.600 


42,600 


600,600 
602,800 
736,800 
668.300 
684.000 
664^00 
679,600 
728,400 
610,000 
688,800 
762,400 
764,800 


641,800 
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Becords  are  kept  of  the  quantity  of  each  kind  of  sewage  which  is 
applied  to  each  of  the  bede  daily.  The  following  table,  which  is  com- 
piled from  these  records,  shows  the  quantity  of  ordinary  sewage  and 
heavier  sewage  from  the  bottom  of  the  reservoir  purified  by  each  of 
the  beds  during  the  year  1898,  and  the  quantity  purified  per  acre  :*— 


Number 

Number 

No,  Bbd. 

Area 
(Acres). 

of 

Doses 

of 

Average  Daily 

Qoanttty  of 

Ordinary  8ewage 

of 

Doses 

of 

Average  Dally 

Quantity  of 

Heavy  Sewage 

Total  Daily 
Qoanuty  applied 

Average  DaHy 

Quantity  applied 

per  Acre 

(Oalkins). 

Ordinary 
Sewage. 

applied 
(GaUons). 

Heavy 
Sewage. 

appUed 
(Oallons). 

(Oallons). 

1,      .       . 

1.01 

90 

22.400 

41 

6,600 

28.000 

28,600 

2.      . 

1.05 

100 

21,600 

50 

7,700 

29.900 

27.900 

8.      , 

0.05 

07 

20.800 

40 

7,800 

28,000 

80,100 

4.    ■  . 

1.00 

105 

23,000 

22 

8,800 

26.300 

26.800 

6.      . 

0.90 

109 

24.000 

22 

8.800 

27,800 

27.600 

e.t   . 

0.09 

220 

47,400 

8 

600 

48.000 

4S,M0 

7.t   . 

0.09 

93 

19,700 

10 

8,200 

22,800 

28.100 

8,      . 

0.03 

224 

42,000 

— 

- 

42,000 

45.200 

9,t    . 

0.07 

220 

84,600 

- 

- 

84,600 

85,500 

10.      . 

0.08 

192 

44.700 

— 

- 

44,700 

45.000 

n,t  . 

0.00 

221 

27,200 

- 

- 

27,200 

27.500 

12.t    . 

0.08 

190 

30.100 

- 

- 

80,100 

80,700 

18.      . 

0.87 

105 

46,300 

- 

- 

46,800 

58,200 

u.    . 

0.99 

118 

87,600 

81 

5.000 

42,400 

42,900 

15>§    . 

0.09 

• 

- 

•> 

- 

<-. 

— 

16,t     . 

0.80 

181 

84.200 

* 

- 

84.200 

88,500 

17.11    . 

0.97 

142 

85,400 

- 

- 

86,400 

86,500 

18.      . 

0.08 

120 

24,200 

26 

4,400 

28.600 

29,200 

M.I      , 

0.80 

141 

84,300 

- 

« 

84,800 

88.600 

20.  , 

21.  . 

0.97 

128 

28,400 

- 

•> 

28,400 

20,800 

0.70 

— 

— 

— 

mm 

• 

- 

22,S    . 
28,i    . 

0.41 

> 

- 

- 

- 

• 

. 

0.09 

- 

— 

- 

- 

- 

- 

*  The  averages  given  In  the  table  are  for  865  days. 
X  Oat  of  nee  fonr  months,  §  Not  in  nae. 


t  Oat  of  OM  one  month. 
II  Ont  of  aM  two  montha. 


The  ordinary  method  of  operating  the  beds  is  to  apply  sewage 
one  day  and  allow  the  bed  to  rest  for  one  or  two  days  before  the 
next  dose  is  applied.  In  this  way  the  beds  rest  frequently  and  the 
best  results  are  obtained. 

The  average  monthly  temperature,  for  the  year  1898,  of  the  sew- 
age as  it  is  received  at  the  pumping  station  and  as  it  is  discharged 
upon  the  beds,  together  with  the  temperature  of  the  effluent  in  the 
underdrains,  is  given  in  the  following  table :  — 


MOVTH  — 1898. 


TaMPBSArCSB  Dbobxm  F. 


8ewage 
at  Reservoir. 

Sewage 
atPUter^beda. 

Bflbwit. 

48.1 

45.T 

41.2 

45.7 

44.2 

41.1 

46.5 

44.9 

40.1 

47.6 

46.4 

42.1 

60.2 

40.6 

45.2 

64.7 

64.2 

48.9 

00.2 

69.6 

51.1 

62.4 

62.8 

57.2 

02.5 

62.8 

50.8 

00.4 

69.8 

50.4 

55.8 

68.0 

55.6 

50.0 

48.8 

47.4 

January, 
Febraary, 
March, 
April,  . 
May.    . 
Jane,  . 
Jnly,    . 
Anguat, 
September, 
October, 
November, 
December. 
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The  temperature  of  the  sewage  appears  to  be  affected  considerably 
by  the  quantity  of  ground  water  with  which  it  is  mingled,  so  that  it 
is  warmer  in  the  winter  and  colder  in  the  summer  season  than  in 
other  places  where  the  conditions  are  otherwise  similar. 

Crops  are  raised  on  some  of  the  beds  during  the  summer,  the 
principal  crop  being  corn,  although  other  vegetables  have  been 
raised  with  considerable  success.  During  the  time  the  crops  are 
growing  both  the  ordinary  sewage  and  the  heavier  sewage  are  applied 
to  the  beds  which  are  cropped,  and  it  is  said  that  when  the  heavier 
sewage,  which  has  quite  an  offensive  odor,  is  discharged  upon  the 
beds  in  which  corn  is  growing  there  is  very  little  odor  noticeable  in 
the  vicinity. 

When  the  beds  are  used  for  growing  crops,  the  surfaces  receive 
the  attention  necessary  to  keep  the  crops  in  good  condition,  and  this 
is  sufficient  to  keep  the  surfaces  of  the  filters  from  becoming  clogged. 
After  the  crop  is  removed  all  of  the  corn  stalks  and  roots  are  re- 
moved from  the  beds  as  far  as  possible.  The  beds  which  are  not 
planted  are  raked  occasionally  and  all  weeds  are  remold  and  not 
ploughed  in.  The  beds  are  prepared  for  winter  by  ploughing,  the 
surface  being  left  with  ridges  and  furrows.  The  cost  of  maintaining 
the  filter-beds  during  the  year  1898,  as  given  in  the  report  of  the 
sewer  commissioners  for  that  year,  was  $2,282.72.  The  amount 
received  from  the  crops  was  $250.62,  making  the  net  cost  of  main- 
taining the  beds  $2,032.10. 

The  character  of  the  sewage  of  Brockton  is  not  affected  in  any 
considerable  degree  by  the  discharge  into  the  sewers  of  waste  liquors 
from  manufacturing  establishments. 

In  order  to  show  the  character  of  the  sewage  at  different  hours  of 
the  day,  and  to  observe  the  changes  which  occur  in  the  sewage  while 
it  is  stored  in  the  reservoir  and  force  main,  a  series  of  samples  has 
been  collected,  analyses  of  which  are  given  in  the  following  tables. 
The  analyses  in  the  first  table  represent  the  sewage  as  it  was  received 
in  the  reservoir ;  the  second  and  third  tables  contain  analyses  of  the 
same  sewage  and  the  accumulated  sludge  when  it  was  being  pumped 
from  the  reservoir  on  the  following  morning ;  and  the  fourth  table 
gives  analyses  of  the  sewage  as  it  was  received  at  the  filtration  area, 
the  first  portions  of  the  sewage  having  remained  in  the  force  main 
over  night.  The  last  table  contains  the  results  of  a  second  series  of 
analyses  of  samples  from  the  sewer  outlet. 
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Chemical  Examination  of  Sewage  from 

[Parts  per  100,000.] 


1 
2 
8 

4 

5 

6 

7 

8 

0 

10 

11 

18 


s 


2&M4 
2864ft 
28046 
28647 
28648 
28640 
23650 
28651 
28662 
28658 
28664 
28655 


Dat«. 


18M. 

Jan*  21 

June  21 

Jane  21 

Jane  21 

Jane  21 

Jane  21 

Jane  22 

Jane  22 

Jane  22 

Jane  22 

Jane  22 

Jane  22 


Hoar. 


Temper- 

atnrs. 

D«g.  F. 


12.00  and  1.00  P.V. 

2.00  and  8.00  p.v. 

4.00  and  S.OOp.v. 

6.00  and  7.00  p.v. 

8.00  and  0.00  p.v. 
10.00  and  11.00  p.v. 
12.00  and  1.00  a  jk. 

2.00  and  8.00  a.v. 

4.00  and  5.00  a jk. 

6.00  and  7.00  a.v. 

8.00  and  0.00  a.v. 
10.00  and  11.00  A.1E. 


66 
66 
67 
57 
56 
56 
55 
54 
64 
64 


RBSIDCS  OV  ETAPOftATXOS. 


TOTAL  KMinCS. 


Total. 


Dis- 
solved. 


Sus- 
pended. 


66.80 

42.50 

71.00 

44.00 

88.50 

47.60 

66.40 

87.10 

60.10 

84.60 

68.40 

45.70 

64.80 

80.20 

72.60 

22.80 

20.80 

18.70 

18.10 

17.00 

10.50 

17.20 

74.60 

85.70 

28.80 

27.00 

35.00 

10.80 

15.50 

17.70 

84.10 

50.20 

2.10 

1.10 

2.80 

88.00 


Loea  ov  nnnov. 


Total. 

Dis- 
solved. 

85.50 

16.10 

80.20 

16.00 

46.80 

16.80 

82.80 

16.20 

25.20 

18.00 

24.80 

12.40 

42.00 

lO.OO 

68.60 

6.70 

6.80 

4.80 

4.60 

8.70 

6.50 

4.60 

48.00 

16.60 

Bds- 
psndML 


19.40 

23.60 

81.00 

16.60 

12.20 

11.90 

82.00 

40.80 

2.00 

0.80 

2.06 

82.46 


The  samples  were  ooUeeted  from  the  sewer  at  the  point  where  It  diseharges  tolo 


Chemical  Examination  of  Sewage  from  (hi 

[Parts  per  100,000.] 


i 

a 
9^ 

Date. 

Boor. 

Kbsxduk  ov  BtapoIutiov 

• 

TOTAL  BSan»CB. 

LOSS  ov  »nno>. 

Total. 

Dissolved. 

Snspended. 

Total. 

Dissolved. 

9si- 

fmmm* 

1 

28656 

18M. 

Jane  22 

0.80  A.  V. 

40.70 

88.80 

0.90 

22.20 

18.50 

8.76 

s 

28657 

Jane  22 ;  10.16  a.  m. 

43.40 

86.00 

7.40 

17.00 

10.80 

6.10 

8 

28060 

Jane  22 

10.80  A.  M. 

U.OO 

86.80 

8.90 

17.60 

10.88 

6.:9 

4 

28660 

June  22    11.26  A.  M. 

140.00 

87.00 

1Q3.90 

100.40 

18.00 

96.40 

The  samplea  were  eoUeeted  from  ths  pnmp  well  dnriA|[  the  time  that  the  pvmpe  were  btlsf  S9<r~ 
OB  the  bottom  had  been  mixed  with  the  aewage. 
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the  Outlet  of  the  Main  Sewer  at  Brockton, 

[Puta  per  100,000.] 


Ammonia. 

Chlorine. 

NiTBOaBN  AB 

OxrOBH  GOKSDMBD. 

ALBDMINOIO 

• 

NltntM. 

NltrlteB. 

UniUtarad. 

Filtered. 

Ftm. 

ToUl. 

Dls- 
•olved. 

8as- 
pended. 

6.5000 

0.7000 

.8200 

.4400 

9.86 

.0000 

.0000 

7.10 

8.86 

6.8M0 

0.7100 

.2800 

.4300 

10.96 

.0010 

.0000 

6.06 

2.88 

4.6000 

0.7100 

.8000 

.4100 

12.98 

.0010 

.0000 

6.27 

8.94 

8.7600 

0.6200 

.2600 

.2700 

6.68 

.0000 

.0000 

6.06 

2.80 

8.0600 

0.6400 

.2400 

.8000 

7.00 

.0000 

.0000 

4.68 

2.46 

8.8600 

0.6100 

.8600 

.2000 

14.76 

.0000 

.0000 

>6.22 

2.61 

S.6000 

0.6800 

.2200 

.8100 

6.48 

.0000 

.0000 

4.00 

2.06 

1.9000 

0.8860 

.1120 

.1240 

4.70 

.0000 

.0000 

8.01 

1.41 

1.8000 

0.1480 

.0760 

.0720 

4.18 

.0010 

.0000 

1.41 

1.01 

0.7000 

0.0800 

.0400 

.0400 

8.36 

.0870 

.0120 

1.00 

0.80 

0.6800 

0.0800 

.0400 

.0400 

8.16 

.1880 

.0180 

1.06 

0.69 

6.2600 

1.0900 

.4400 

.6600 

6.16 

.0010 

.0000 

7.74 

8.81 

12 

the  reeervoir.    Each  lample  le  made  np  of  two  eqaal  portion*  ooUeoted  bonrly. 


Sewage  Pumping  Station  at  Brockton, 

[Parte  per  100,000.] 


Ammovia. 

Chlorine. 

NinOOBV  AS 

OXTOBB  COVeUMBD. 

ALBVMIKOID. 

Nitrates. 

Nitrites. 

(Tnflltered. 

Filtered. 

Free. 

Total. 

Dieeolyed. 

Soepended. 

8.7600 

0.6400 

.2600 

0.2800 

9.66 

.0010 

.0000 

4.45 

2.88 

1 

8.4600 

0.8900 

.2400 

0.1500 

8.68 

.0000 

.0000 

3.94 

2.61 

2 

8.1600 

0.4800 

.8000 

0.1800 

8.48 

.0000 

.0000 

8.87 

2.76 

8 

4.0000 

1.9600 

.6200 

1.4400 

7.88 

.0000 

.0000 

18.92 

4.22 

4 

ated.    The  eamplee  represent  the  sewage  in  the  upper  portion  of  the  reeervoir  before  the  solid  matter 
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Chemiedl  Examinatian  of  Sewage  firm 

[Fui*  par  100,000.] 


•: 

Date. 

Honr. 

BB8IDDS  ON  EVAPORATIOir. 

TOTAL  KS8IDUB. 

LOM  OX  loxmoK. 

Total. 

Dlnolved. 

Suspended. 

ToUI. 

DlaeolTed. 

Bob- 
pended. 

1 
s 

23061 
23662 

1888. 

Jnne   22 
Jnne   22 

11.80   A.X. 
11.80  AJi. 

178.60 
186.80 

40.80 
88.70 

188.20 
147.10 

128.80 
188.60 

16.70 
16.70 

111.60 
117.80 

The  aampleB  were  oollected  from  the  pump  well  during  the  time  when  the  agitatora  wore  in  oper* 
the  pamp. 


Chemical  Examination  of  Sewage 


[Parte  per  100,000.] 


• 

5 

Date. 

Bkbidthe  ov  Etapoiatioh. 

TOTAL  RB8IDCK. 

Losa  OM  lOKinov. 

Total. 

DlaMlTed. 

Snipended. 

TotaL 

DlsaolTed. 

Snipcndad. 

1 
s 

8 

236n 
23670 
28672 

1808. 

Jnne    28 
Jnne    28 
Jane    28 

41.60 

178.00 

46.60 

82.00 
82.00 
27.80 

0.60 

141.00 

19.20 

16.80 

126.80 

22.90 

7.00 
8.00 
6.80 

8.40 

116.40 

17.10 

The  aamplee  ware  oolleeted  from  the  gate-chamber  at  the  end  of  the  force  main  at  the  filter.bed«. 
The  Beoond  aample  repreeente  the  heavy  eewage  from  the  bottom  of  the  reeerroir,  which  had  bIm 
which  remained  in  the  reaerroir  over  night  but  waa  drawn  from  the  reaervoir  on  the  aame  di^  that  ft 


Chemical  Examination  of  Sewage  from  the 

[Parte  per  100.000.] 


^m 

^ 

Date. 

Hoar. 

RSgmUB  OV  EVAPOBATIOH. 

TOTAL  KXBIDTTB. 

LOSS  OS  lomriov. 

Total. 

Dli- 
BOlved. 

Sa»> 
pended. 

ToteL 

aolved.      pemW. 

1 

2 

8 

4 

6 

6 

7 

8 

0 

10 

11 

12 

24884 
24835 
24886 
24837 
24888 
24889 
24840 
24841 
24854 
24855 
24856 
24857 

1808. 

Bept.  27 
Sept.  27 
Sept.  27 
Bept.  27 
Sept.  28 
Sept.  28 
Sept.  28 
Sept.  28 
Bept.  28 
Bept.  28 
Sept.  28 
Sept.  28 

6.00  and  7.00  p.x. 

8.00  and  9.00  p.x. 
10.00  and  11.00  px. 
12.00  and  1.00  A.x. 

2.00  and  8.00  a.x. 

4.00  and  6.00  a.x. 

6.00  and   7.00  ax. 

8.00  and  9.00  a.x. 
10.00  and  11.00  A.x.  1 
12.00  and   1.00  p.x. 

2.00  and  8.00  p  x. 

4.00  and  6.00  p.x. 

72.10 

111.70 
61.00 

207.60 
26.40 
16.60 
15.40 
28.80 

111.90 
76.80 
84.20 

110.70 

66.80 
37.00 
86.10 
20.80 
21.00 
18.80 
13.50 
19.80 
40.40 
48.40 
40.10 
61.60 

16.80 

74.70 

25.00 

177.80 

5.40 

2.70 

1.00 

9.00 

71.60 

28.40 

44.10 

68.20 

80.60 

86.10 

30.70 

181.80 

18.10 

6.20 

6.20 

14.70 

86.70 

41.80 

67.20 

84.60 

17.20 

15.60 

16.80 

12.40 

8.80 

3.90 

4.O0 

7.00 

19.00 

17.40 

17.40 

80.80 

n.40 
70.M 
23.40 

ie»^ 

4.90 

l.» 

1.J9 

7.T0 

06.70 

24.40 

».« 

54.2D 

The  samplea  were  collected  from  the  sewer  at  the  point  where  it  dlachargca  ^JM 


No.  34.] 


PUEIFICATION  OF  SEWAGE. 


601 


the  Bottom  of  the  Beterwrir  at  Brockton. 

[Puis  per  100,000.] 


AmfONiA* 

Chloitee. 

NiTBOOBV  AS 

OXTOBN  COHSUMKD. 

ALBUmVOID. 

Nltntei. 

Nitrites. 

Unflltered. 

FllteKd. 

Free. 

Total. 

DItsolTed. 

Snspended. 

8.7600 
4.4600 

2.7000 
8.0600 

.8600 
.8400 

2.8400 
2.7100 

7.68 
7.68 

.0000 
.0000 

.0000 
.0000 

1 

1 
18.72              4.29 
21.60              4.20 

1 

1 

2 

atloD  mad  the  heavy  aewage  wblch  had  aoeumnlated  «t  the  bottom  of  the  reeerrolr  was  being  drawn  into 


from  the  Brockton  Filler-beds, 


[Parts  per  100,000.] 


Ajimonia. 

Cblorine. 

NITBOOBN  A« 

OXTGKN  COXSUMKD. 

ALBUMINOID. 

Nitrates. 

Nitrites. 

Unflltered. 

Filtered. 

Free. 

ToUL 

Dlssohrcd. 

Saspended. 

8.2500 
8.8000 
2.8000 

0.4700 
2.86U0 
0.5800 

.2800 
.8600 
.2600 

0.1900 
2.4900 
0.8200 

8.82 
7.81 
6.95 

.0000 
.0000 
.0000 

.0000 
.0000 
.0000 

4.10 

10.60 

4.46 

2.72 
4.13 
1.65 

1 
2 
3 

Tb«  first  sample  represents  sewage  which  had  remained  in  the  force  main  for  about  twenty -two  hours, 
iwnalned  in  the  force  main  for  a  period  of  about  twenty-two  honra.  The  last  sample  represents  sewage 
waa  delivered  at  the  filter-beds. 


OtUlei  of  the  Main  Sewer  at  Brockton, 

[Parts  per  100,000.] 


AjncoBiA. 

NiTBOOKV  AS 

OXTOKN  CONfiCMBD. 

1                        ALBUXIKOID 

>. 

1 

1 

Chlorine. 

Nitrates. 

Nitrites. 

Unflltered. 

Filtered. 

Free. 

Total. 

Dis- 
solved. 

Sus- 
pended. 

1 

8.3500 

0.8500 

.8700 

0.4800 

16.80 

.0000 

.0000 

5,H 

2.88 

1 

3.0000 

0.5800 

.3000 

0.2800 

7.60 

.0000 

.0000 

6.04 

2.78 

2 

3.2500 

0.6100 

.2800 

0.8300 

6.45 

.0000 

.0000 

6.36 

2.78 

8 

2.3000 

0.4800 

.2200 

0.2100 

5.78 

.0000 

.0000      1 

4.96 

2.50 

4 

1.6500 

0.2800 

.1800 

0.1000 

8.55 

.0000 

.0000      1 

2.72 

1.86 

5 

0.7600 

0.1300 

.0800 

O.OSOO 

2.58 

.0010 

.0000 

1.15 

0.96 

0 

0.6000 

0.1300 

.0700 

0.0600 

2.41 

.0200 

.0352 

1.28 

0.80 

7 

2.2600 

0.6100 

.2600 

0.3500 

8.25 

.0000 

.0000 

3.76 

1.08 

8 

6.4000 

1.7500 

.5600 

1.1900 

5.89 

.0000 

.0000 

11.68 

5.60 

0 

6.9000 

1.4200 

.6000 

0.8200 

11.37 

.0000 

.0000 

8.48 

3.65 

10 

6.0000 

0.9300 

.4800 

0.4500 

7.45 

.0000 

.0(K)0 

6.96 

2.U 

11 

4.6600 

1.4500 

.4400 

1.0100 

6.92 

.0000 

.0000 

1 

26.88 

18.48 

12 

the  reservoir.    Each  sample  is  made  up  of  two  equal  portions  collected  hourly. 
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Analyses  of  the  sewage  and  the  effluent  from  one  of  the  main 
undefdrains  have  been  made  frequently  during  the  past  two  years, 
the  averages  of  which  are  given  in  the  tables  which  follow  :  — 

Yearly  Averages  of  Chemical  Examinations  of  Sewage  from  BrockUm. 

[Parte  per  100,000.] 


RUlDDn  OV  EVAPOSATXOir. 

AXXOXIA. 

1 

• 

i 

6.20 
6.60 

NiTBOOXV 
AS 

OZTGHT 

Coasnisi>. 

1 

TOTAL  BXeiDUB. 

X.088  OV  ZOKITIOX. 

Free. 

ALBUIUHOXD. 

• 

1 

• 

1 

1  . 
1 

1 

• 

a 

4 

5| 

Sus- 
pended. 

• 

|1 
«2 

Sus- 
pended. 

• 

Dis- 
solved. 

Sus- 
pended. 

c 

1807 
1808 

w.u 
M.es 

20.82 
81.47 

0.88 
14.16 

18.40 
28.16 

10.41 
11.70 

7.00 
11.46 

2.8686 
8.1170 

0.6728 
1.0488 

0.8817 
0.8400 

1 
0.2411 

0.7088 

.0020 
.0006 

.0000 
.0008 

3.67 
4.00 

2.90 

The  eamplee  were  ooUected  ae  the  sewage  flowed  out  upon  the  flltar*beda  and  were  composed  of 
several  equal  portions  ooUeeted  at  Intervals  during  the  time  that  the  pnmps  were  In  operation. 


Yearly  Averages  of  Chemical  Examinations  of  Sewage  pumped  f^om  the  BoUam  of 

the  Sewage  Reservoir  at  Brockton* 


[Parte  per  100,000.] 

1 

Rnsmus  OH  Etapobatzox. 

Amuohia. 

1 

6.82 

6.8S 

1 

KlTBOOai 

AS 

OZTGtf 

Cossnxs. 

TOTAL  XaSIDUB. 

LOSS  OH  lonnox. 

Free. 

ALBUnnrou). 

1 

* 

2 

1 

• 

i 

• 

i 

A 

4 

• 

4 

• 

^1 

^1 

m 

i\ 

E 
S 

s 

a 

E 

1807 
1808 

284.00 
263.00 

86.40 
84.76 

107.61 
218.26 

167.11 

188.06 

16.47 
16.00 

161.64 
173.87 

4.4188 
4.8640 

8.7678 
4.2600 

0.8167 
0.6680 

2.0411 
8.6820 

.0026 

.U007 

.OOOM 
.0000 

33.10 

8.a 

8.61 

The  samples  were  collected  as  the  sewage  flowed  out  npon  the  fllter.beds  and  represent  the  hesry 
sewage  which  settled  to  the  bottom  of  the  reservoir,  mixed  with  a  small  amonnt  of  the  superoatsat  sew- 
age. Each  sample  was  composed  of  several  equal  parte  eoUeoted  at  intervals  during  Uie  time  thst  tbs 
heavy  sewage  was  flowing  upon  the  beds. 
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Yearly  Averages  of  Chemical  Examinations  of  the  Effluent  from  an  Underdrain 

at  the  Brockton  Sewage  Disposal  Works, 

[P>rU  per  100,000.] 


RssDus  oxr  Etapoxatiok. 

AWMONXA. 

1 

S 
g 

4.80 
4.88 

UlTBOOBir 
AB 

OXTOBX 
COKSUMED. 

TOTAL  HBaiOUS. 

LOSS  ON  lOKRIOK. 

Fxw. 

ALBUVINOID. 

• 

1 

i 

■ 

a 
P 

i 

# 

5l 

^8 

• 

Dis- 
solved. 

• 

Is 

it 

Sus- 
pended. 

E 

1897 
1898 

27.76 
28.68 

- 

- 

- 

- 

- 

.0011 

.1706 

.0105 
.0128 

- 

- 

1.2246 
1.7202 

.0016 
.0012 

.11 
.18 

- 

The  samples  were  ooUeeted  from  the  nnderdratn  on  Pearl  Street,  which  receives,  in  addition  to  the 
effiaent  from  several  of  the  filter-beds,  a  considerable  amount  of  gronnd  water  from  the  territory  in  the 
▼ioiniiy  of  the  filtration  area. 

As  a  record  is  kept  both  of  the  quantity  of  ordinary  sewage  and 
of  the  stronger  sewage  from  the  bottom  of  the  reservoir  received 
at  the  beds  each  day,  it  is  possible  to  calculate  an  average  analysis 
of  the  sewage.  The  amount  of  free  and  albuminoid  ammonia  and 
oxygen  consumed  in  the  whole  quantity  of  sewage  calculated  in  this 
manner,  together  with  the  percentage  of  purification  as  indicated  by 
this  analysis,  and  the  analysis  of  the  effluent  from  one  of  the  main 
underdrains  for  the  year  1898,  is  given  in  the  following  table. 
There  is  a  considerable  amount  of  ground  water  flowing  at  all  times 
in  the  effluent  underdrains,  which  tends  to  dilute  the  effluent  and  to 
make  the  purification  appear  greater  than  it  actually  is. 

Purification  effected  by  Brockton  Filters, 

[Parts  per  100,000.] 


FRKB  AHKOaiA. 

ALBUMEirOZD  AmCOKIA. 

OXTOBX  CONSUMBD. 

Sewage. 

EfBnent 

Per  Cent, 
removed. 

Sewage. 

EfQueut. 

Per  Cent, 
removed. 

Sewage. 

Efflaent. 

Per  Cent, 
removed. 

8.01 

.1760 

04.1 

1.86 

.0128 

00.1 

6.44 

.18 

08.1 

There  is  a  very  small  population  in  the  immediate  vicinity  of  the 
filtration  area  and  the  population  within  half  a  i^ile  of  the  area 
is  about  215.  The  effluent  from  the  filter-beds  is  discharged  into 
Coweeset  River,  one  of  the  tributaries  of  the  Taunton  River.  There 
is  no  population  in  the  immediate  vicinity  of  the  river  at  the  point 
where  the  effluent  enters  it.  A  large  cranberry  bog  is  situated  on 
the  stream  a  short  distance  below  the  effluent  drain,  and  large  quan- 
tities of  microscopical  organisms  are  said  to  have  appeared  in  a 
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pond  formed  during  the  winter  season  by  flooding  this  bog,  since 
effluent  has  been  discharged  into  the  stream.  The  stream  has  a 
watershed  of  7.9  square  miles  at  the  point  where  the  effluent  from 
the  filter-beds  enters  it. 

Framingham. 

Estimated  population  in  1898,  9,676. 

The  town  of  Framingham  is  situated  wilhin  the  water-shed  of  the 
Sudbury  River  and  a  part  of  it  drains  naturally  into  that  portion  of 
the  river  from  which  water  is  taken  for  the  supply  of  the  Metropoli- 
tan District.  The  town  ha6  three  principal  villages,  only  one  of 
which,  South  Framingham,  is  at  present  provided  with  a  system  of 
sewers.  This  village  contained,  according  to  the  census  of  1895, 
about  60  per  cent,  of  the  entire  population  of  the  town. 

A  water  supply  was  introduced  into  the  town  in  1885,  and  the 
water  is  now  in  general  use  in  the  village  of  South  Framingham  and 
is  supplied  to  some  extent  in  the  village  of  Framingham  Centre. 
The  average  quantity  of  water  used  during  1898  was  344,000  gal- 
lons per  day,  or  36  gallons  per  capita.  Sewerage  facilities  are  now 
available  to  the  greater  portion  of  the  people  who  are  supplied  with 
water  from  the  public  works. 

The  sewerage  system  was  constructed  in  1889.  The  sewage  is 
collected  by  a  system  of  pipe  sewers  discharging  into  a  main  sewer 
built  of  brick,  through  which  the  sewage  flows  to  a  pumping  station 
located  about  a  mile  from  the  village.  At  the  pumping  station  the 
sewage  is  received  into  a  covered  masonry  reservoir  from  which  it  is 
pumped  during  the  daytime  to  the  filtration  area  located  about 
2  miles  away  upon  land  draining  toward  the  Sudbury  River  below 
the  portion  of  the  water-shed  of  this  stream  used  for  the  supply  of 
the  Metropolitan  District. 

The  system  is  designed  to  carry  house  sewage  and  sewage  from 
manufacturing  establishments,  but  all  roof  water  and  cellar  drainage 
are  excluded  from  the  sewers.  Undcrdrains  were  laid  beneath  the 
sewers  when  the  system  was  first  built,  but  in  making  extensions  to 
the  system  underdrains  have  been  omitted.  The  total  length  of 
underdrains  at  the  present  time  is  about  15,000  feet.  The  under- 
drains discharge  into  a  main  underdrain  laid  beneath  the  main  sewer, 
through  which  the  water  flows  to  the  pumping  station,  where  it  is 
received  in  an  open  reservoir,  from  which  it  is  pumped  to  a  filter- 
bed  near  the  pumping  station  which  has  been  prepared  for  the  puri- 
fication of  this  water.     At  times  when  the  flow  of  sewage  is  snull 
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the  water  from  the  underdrains  is  pumped  to  the  sewage  filtration 
area  with  the  sewage. 

The  Reformatory  Prison  for  Women,  which  is  located  in  the  town 
of  Sherborn  and  which  contains  a  population  of  about  300,  is  con- 
nected with  the  Framingham  system.  The  quantity  of  sewage  from 
this  institution,  as  indicated  by  one  measurement,  is  about  30,000 
gallons  per  day.     This  institution  has  an  independent  water  supply. 

At  the  end  of  the  vear  1898  there  were  10.8  miles  of  sewers  in 
use.  The  total  number  of  connections  at  the  end  of  the  year  1898 
was  said  to  be  1,099,  of  which  49  are  from  business  blocks,  factories 
or  public  buildings. 

Records  of  the  quantity  of  sewage  pumped  each  day  have  been 
kept  since  1892,  and  while  these  records  are  probably  somewhat  in- 
accurate because  the  slip  of  the  pumps  has  not  been  carefully  deter- 
mined, they  serve  to  indicate  the  approximate  quantity  of  sewage 
purified  and  the  variations  in  the  flow.  The  following  table  gives 
the  average  quantity  of  sewage  pumped  each  month  since  1892,  as 
shown  by  these  records :  — 

Average  QuantUy  of  Sewage  pumped  ai  Framingham, 

[Gallons  per  Day.] 


MOHTH. 


1898. 


1884. 


1895. 


1896. 


1897. 


1898. 


Janoary,    . 

February,  .       .       . 

March, 

April, 

May,  .... 

JoDe 

Jnly.  .... 

Aaguai, 

September, 

October,     . 

November, 

December, 

Average  for  year. 


841,000 
808,600 
406,600 
246,000 
173,400 
108,400 
160,100 
143.400 
166,000 
206.400 


220,100 


286,400 
260,800 
880,100 
864,800 
264,700 
200,600 
191,600 
171,400 
174,800 
176,900 
286,800 
246,000 


240,800 


803,200 
291,800 
869,100 
494,900 
866,900 
242,100 
220,200 
281,900 
214,600 
814,800 
604,900 
602,100 


846,600 


898,400 
476,400 
670,100 
444,100 
876,300 
400,800 
866,700 
800,700 
871,800 
868,600 
879,900 
899,700 


409,100 


424,200 
488,600 
448,400 
441,600 
884,900 
867,800 
827,800 
816,400 
887,600 
816,200 
864,600 
478,700 


886,600 


467,200 
648,.300 
698.400 
626,400 
609,600 
460,800 
889,600 
897,800 
886,600 
378,800 
499,000 
607,400 


496,600 


Several  special  measurements  have  been  made  to  ascertain  the 
hourly  flow  of  sewage,  and  continuous  observations  were  made,  by 
means  of  an  automatic  recording  gauge,  of  the  flow  over  a  weir 
during  several  weeks  in  the  spring  of  1899.  The  results  of  these 
observations  are  given  in  the  fc^lowing  table  :  — 
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DAn-l«M. 


Marsh  83» 


April 


May 


JOM 


Ml 

T, 
S. 

10. 

la. 

IS. 
14, 

1». 

17, 

w. 

SI, 

38, 
S4, 
85, 

S«, 

«!• 
88, 

ts, 

80, 

i 

8, 

». 

10, 

11, 
18, 
18, 
U. 

11. 
18, 
M. 


Day  of  Week. 


WadosMlay, 
Thartday, 
Friday,  . 

Saturday, 

Friday,   . 
Saturday, 

Sunday,  . 

Monday, . 

Taeiday. 

Wedoeaday, 

Tboraday, 

Friday,   . 

Saturday, 

Sunday,  . 

Monday, . 

Tuesday. 

Wednesday, 

Thursday, 

Friday,   . 

Sunday, . 

Monday, 

Tuesday, 

Wednesday, 

Thursday, 
Friday,  . 

Saturday, 

Sunday, . 

Monday, 

TuMday, 

Wednesday, 

Thursday, 

Sunday, . 

Monday, 

Tuesday, 

Wednesday, 

Thursday, 

Fridav.   . 

Saturday, 

Sunday, . 

Friday,   . 

Saturday, 

Sunday,  • 

Monday, 

Wadnssday, 


Total 

Flowtn 

Twenty- 

foor  Honn 

I  (Uallons). 


MailmuBi 

lute 
(Oftllons 
per  Day). 


Hoar  at    ' 
whlcfaMaxI- 
mnm  Flow  I  {OeDons 
I  per  Day.) 


I 


BoareC 

whkiiMfed. 


T0O.O0O 

862.000 

740,000 

004,000 

811,000 

040,000 

806,000 

080,000 

664,000 

707,000 

612,000 

814,000 

668,000 

668,000 

648,000 

810,000 

608,000 

741,000 

676,000 

740.000 

660,000 

006.000 

681,000 

768,000 

640,000 

714,000 

447,000 

664,000 

647,000 

760,000 

683,000 

680,000 

400,000 

618,000 

607.000 

652,000 

607,000 

682,000 

416,000 

400,000 

603,000 

727,000 

406,000 

640.000 

480,000 

606,000 

606,000 

648,000 

480,000 

680,000 

478,000 

681,000 

407,000 

602,000 

478,000 

- 

48S,000 

676,000 

468,000 

620,000 

465,000 

602.000 

887,000 

486,000 

448,000 

- 

438,000 

606,000 

427,000 

670,000 

41T,000 

670,000 

426,000 

670,000 

410,000 

670,000 

866,000 

495,000 

876,000 

600,000 

878,000 

521 ,000 

906,000 

804,000 

872,000 

640,000 

876,000 

478,000 

(     11  ▲.]!.( 
i    MM.     I 


9 
6 

10 

0 
10 
12 
11 

4 
11 
12 
11 
0,10 
10 
10 
11 
10 
12 
10 

8 

10 

10 

9,10 

4 

10 

10 

12 

1-8 

1 
11 
11 
12 
12 

9 
11 
12 
11 
11 


A.V. 
P.X. 
A.X. 
A.H 

A 
V 
A.X. 
P.X. 


-X.J 
.X.  > 

[.    > 


A.X. 

AJl. 

A.X. 

A.X. 

AOt. 

A.X. 

X. 

A.X. 

P.X. 

A.X. 

A.X. 

AJI. 

P.X. 

A.X. 

A.X. 

X. 

PJt. 

P.X. 

AJI. 


f  1-8  P  Jt.  ( 


(    11  A.X.  ) 
f    MM.     i 


A.X. 

A.X. 

X. 

A.X. 

A.X. 


IOaji. 

10  A.X. 
8  P.X. 

11  A.X. 

12  X. 

IOaji. 
10 

12  X 
11  A. 

11 

Ua 


691,000 

676,000 
670,000 

678,000 

488,000 
468,000 

604,000 

487,000 
470,000 
460,000 
460,000 
488,000 
440,000 
808,000 
406,000 
404,000 
894.000 
890,000 
865,000 
868,000 
840,000 
861,000 

861,000 

860,000 
848,000 

840,000 

820,000 
820.000 
836.000 
888,000 
881,000 
820.000 
808,000 
810,000 
286,000 
802.000 
284.000 
280.000 
278,000 
240.009 


9<2,000 


8^A.X. 
S4 


6  AX. 
1-8  AJI. 

4.  6  AX. 

6A.X. 
9«6AJi. 

4-6  AX. 
UBikl. 

S-6AX. 

Umldi 
6, 6  A.X. 

4AJC. 

8-6A.X. 
4-6A.X. 
S>6ax. 
6A.X. 
6,  6  AJI. 
4.  6  AX. 
4,  5  AJI. 

S-6AJC. 


4-6 

4-6 


6  AJI. 
4-6  AJI. 
3  6 AX. 
8  6AX. 
4-6  AJI. 
4-6  AJI. 
4-6  AJL 
2-6  AJI. 
4-6A.X. 
8-6  AX. 
8- 6  AJI. 

6  AJI. 
6,6 
4«6a. 


4-6  AJI. 
4.&AJi. 

U 


The  following  table  gives  the  average,  maximum  and  minimain 
daily  flow  of  sewage  during  the  year  1898,  and  the  flow  per  inhabi- 
tant, per  connection  with  the  sewer  system  and  per  mile  of  sewer 
oon;»tracted :  — 


Dey). 


MrtatehMaal. 


F^raUleolsa 


SI 

461 

43^9M 
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The  Framingfaam  sewage  is  very  strong,  being  by  far  the  strongest 
sewage  that  is  purified  on  any  filtration  area  in  the  State.  The 
strength  of  the  sewage  is  due  in  part  to  the  fact  that  there  is  ordi- 
narily very  little  leakage  of  ground  water  into  the  sewers. 

There  is  a  very  small  quantity  of  manufactural  sewage  entering 
the  sewers,  the  principal  sewage  of  that  sort  being  the  spent  dyes 
discharged  from  the  straw  factories,  which  give  a  decided  color  to 
the  sewage  at  times.  Aside  from  the  straw  works,  none  of  the 
factories  produce  any  considerable  quantity  of  waste  liquors  which 
it  is  necessary  to  discharge  into  the  sewers. 

The  sewage  from  the  main  sewer,  before  entering  the  reservoir, 
is  received  in  a  gate-house,  where  it  is  passed  through  a  screen 
constructed  of  wooden  slats  with  an  open  space  between  the  slats 
of  one  inch.  The  screen  is  cleaned  twice  weekly  and  a  small 
amount  of  matter  is  removed,  which  is  composted.  From  the 
screen  the  sewage  passes  into  the  covered  masonry  reservoir,  which 
has  a  capacity  of  431,000  gallons,  in  which  the  night  flow  of  the 
sewage  is  stored,  so  that  pumping  is  necessary  only  during  the 
day.  The  pmnps  are  ordinarily  started  at  seven  o'clock  in  the 
morning  and  operated  until  about  five  o'clock  in  the  afternoon,  so 
that  sewage  entering  the  reservoir  after  five  o'clock  in  the  afternoon 
remains  there  until  it  is  pumped  out  some  time  during  the  next 
day.  It  is  found  that  very  little  solid  matter  accumulates  on  the 
bottom  of  the  reservoir.  The  reservoir  has  been  cleaned  occasionally 
by  stirring  up  the  solid  matter  which  has  accumulated  and  pumping 
it  to  the  filter-beds  with  the  sewage.  The  pumps  which  force  the 
sewage  to  the  filtration  area  have  specially  designed  flap  valves,  each 
of  which  has  an  area  of  about  43  inches,  so  that  any  solid  matter 
which  passes  through  the  screens  can  pass  through  the  pumps. 

The  force  main  is  a  cast-iron  pipe  12  inches  in  diameter  and 
9,740  feet  long.  This  pipe  is  so  laid  that  when  pumping  ceases  the 
pipe  remains  full  of  sewage  throughout  nearly  its  entire  length, 
although  arrangements  have  been  made  so  that  the  contents  of  the 
pipe  can  be  drawn  back  into  the  reservoir  by  opening  a  gate.  The 
pipe  contains,  when  full,  57,200  gallons  of  sewage,  and  the  sewage 
which  is  in  the  pipe  at  the  time  when  pumping  ceases  remains  there 
until  the  following  morning,  when  it  is  discharged  upon  the  filter- 
beds. 

The  filtration  area  is  located  about  2.5  miles  north-east  of  the 
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village  of  South  Framingham,  near  the  line  between  the  towns  of 
Natick  and  Framingham,  in  the  water-shed  of  Bannister  Brook,  one 
of  the  tributaries  of  the  Sudbury  River,  below  the  point  where  water 
is  taken  for  the  supply  of  the  Metropolitan  District.  The  area  owned 
by  the  town  comprises  100  acres  and  is  naturally  very  nearly  level. 

On  this  area  there  have  been  prepared  18  filter-beds  having  an 
average  area  of  about  an  acre ;  of  these,  all  but  one  have  been  pre- 
pared for  the  reception  of  sewage  by  the  removal  of  the  loam  from 
the  surface.  The  surface  of  one  of  the  beds  has  been  left  in  its  nat- 
ural state,  and  is  covered  with  soil,  and  the  stumps  of  trees  have  not 
been  removed.  There  are  two  lines  of  underdrains,  each  of  which 
passes  through  the  centre  of  three  of  the  beds ;  the  remaining  beds 
are  not  underdrained. 

The  sewage  is  distributed  on  the  beds  through  pipes  from  man- 
holes at  the  corners  of  the  beds.  In  some  cases  the  pipe  dischai^es 
into  a  channel  which  passes  along  the  foot  of  the  inside  slope  of  the 
embankment  by  means  of  which  the  sewage  is  delivered  at  different 
points  along  the  edges  of  the  beds.  In  many  of  the  beds,  however, 
sewage  is  discharged  only  at  the  comers.  None  of  the  original  soil 
beneath  the  surface  loam  was  disturbed  except  where  it  was  neces- 
sary in  order  to  make  the  surface  of  the  beds  level,  or  in  laying  the 
very  limited  amount  of  underdrainage. 

The  character  of  the  filtering  material  has  been  ascertained  by 
analyses  of  samples  of  soil  collected  from  near  the  middle  of  each 
of  the  filter-beds  in  1898.  The  results  show  that  the  filtering  ma- 
terial, especially  near  the  surface,  is  quite  fine,  being  much  finer 
than  the  filtering  material  at  Gardner.  The  fineness  of  the  material 
is  doubtless  principally  due  to  the  fact  that  at  this  filtration  area 
the  subsoil  was  not  removed  when  the  beds  were  constructed.  Ko 
analyses  of  the  soil  of  the  beds  were  made  when  they  were  first 
used  so  that  it  is  at  present  impossible  to  tell  whether  the  fineness 
of  the  soil  has  been  increased  by  the  method  of  operating  the  beds. 
The  soil  in  the  lower  portion  of  the  beds  is  coarser  and  more  po- 
rous. The  following  table  gives  the  averages  of  the  results  of  the 
analyses  of  samples  from  all  of  the  beds  at  different  depths  :  *  — 

*  The  size  of  each  particle  if  considered  to  be  the  diameter  of  a  sphere  of  eqaal  ToloiBe. 
The  "  effectlTe  size"  Is  such  that  10  per  cent,  by  weight  of  the  material  Is  composed  of  smslter 
grains  than  the  size  given.  The  "  nniformity  coefficient "  is  the  ratio  ^,  where  the  Talaes  of  A 
and  B  are  snch  that  60  per  cent,  of  the  material  is  finer  than  A  and  10  per  cent,  finer  than  B. 
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.21 

0.08 

8.0 
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2.0 

10.0 
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The  filter-beds  at  Framingham  have  a  much  larger  area  in  pro- 
portion to  the  quantity  of  sewage  flowing  from  the  town  than  the 
filter-beds  at  Gardner,  for  example,  but  the  Framingham  beds  are 
probably  capable  of  purifying  a  much  greater  quantity  of  sewage 
than  has  thus  far  been  discharged  upon  them. 

It  has  been  the  custom  in  the  operation  of  these  filters  to  grow 
crops  upon  the  beds,  and  in  consequence  of  this  the  application  of 
the  sewage  has  been  less  regular  than  it  would  otherwise  have  been, 
and  the  quantity  of  sewage  applied  to  certain  of  the  beds  has  often 
been  much  smaller  than  the  filters  were  capable  of  purifying,  espe- 
cially in  seasons  of  high  rainfall,  when  the  crops  might  be  injured 
by  the  application  of  too  great  a  quantity  of  sewage* 

In  the  spring  the  filters  are  ploughed  and  harrowed  and  all  are 
planted  with  corn.  During  the  summer  the  corn  is  hoed  at  frequent 
intervals,  and  in  the  fall,  after  the  corn  stalks  have  been  cut,  the 
stubble  is  left  in  the  hills  and  the  surfaces  are  not  disturbed  until 
spring.  The  ice  which  forms  upon  the  beds  in  winter  rests  upon 
the  tops  of  the  corn  hills,  and  protects  the  low  places  between  the 
hills  from  freezing,  so  that  no  difiSculty  is  experienced  in  disposing 
of  the  sewage  even  in  the  coldest  weather.  The  sewage  is  applied 
to  the  beds  generally  in  rotation,  but  in  the  summer,  when  the  crops 
are  growing,  it  is  applied  where  it  is  most  needed  by  the  crops.  In 
general,  at  other  times,  all  of  the  sewage  for  one  day  is  applied  to 
two  of  the  beds  at  times  of  high  flow,  and  at  times  of  low  flow  one 
bed  generally  receives  the  daily  flow  of  sewage,  and  in  some  cases 
one  bed  has  received  the  entire  flow  of  sewage  for  two  days  in  suc- 
cession.    All  of  the  sewage  has  been  purified  upon  the  beds  since  the 
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works  were  first  pat  in  operation,  and  it  has  never  been  necessary  to 
discharge  sewage  in  an  unpurified  state  either  at  the  pumping  station 
or  at  the  filtration  area. 

During  the  year  1898  a  record  has  been  kept  of  the  applications 
of  sewage  to  each  bed,  and  bj  comparing  this  record  with  the  record 
kept  at  the  pamping  station  of  the  quantity  of  sewage  pumped,  an 
approximate  estimate  has  been  made  of  the  quantity  of  sewage  applied 
to  each  bed  during  the  year.  The  following  table  shows  the  average 
daily  quantity  applied  to  each  bed  during  the  year  1898  and  the 
quantity  purified  per  acre :  — 


HtTMBKl  OV  BBD. 


ArMOfBed 
(Acres). 


If  • 

a,  .  . 

*.  .  . 

«.  .  . 

«•  .  . 

9,  .  . 

10,  .  . 

11,  .  . 

la,  .  . 

18,  .  . 

14,  .  . 

18,  .  . 

18,  .  . 

17,  .  • 
Stomp  bed, 


1.16 
1.80 
1.80 
1.80 
1.80 
1.18 
1.88 
1.18 
1.18 
1.18 
1.01 
1.01 
0.44 
0.70 
0.66 
0.64 
l.tt 
1.88 


Atbba«b  Quaxtxtt  or  »kwmm 
ArruBD  oDuaa  UB& 


Oalkmipttr 
Daj. 


17,000 
16,000 
39,000 
89,000 
96,000 
48.000 
88,000 
66,000 
68,000 
80,000 


88/MO 
10,600 
18,000 


l.U 


11,1000 
88,000 
M,000 


OAllOMper 
Acn  per  0»j. 


18,080 
18,000 
88,000 
80,000 
80.000 
88.060 

a,o60 

80,000 
46,000 
16,000 


a,ooo 

17,008 

Kooo 

17,600 


Two  series  of  analyses  have  been  made  of  samples  of  sewage 
collected  from  the  main  sewer  at  frequent  intervals  for  a  period  of 
twenty-four  hours,  to  show  the  variation  in  the  character  of  the 
sewage  during  the  day.  The  results  of  these  analyses  are  shown 
in  the  following  table :  — 


No.  34.] 


PURIFICATION  OF  SEWAGE. 


611 


Chemical  Examinationt  0/  Sewage  firom  Framingham. 

[Pwtaptr  100,000.] 


Ttnper- 

BB8ID0a  OV  EVAPOHATIOir. 

1 

Date 

. 

Hoar. 

ature. 

TOTAL  XMIDVS.              | 

U)B»  OK  lOHinov. 

Dcg.  F. 

Total. 

Bis- 

•OlTOd. 

8a«- 
pended. 

TotaL 

■olved. 

8ai- 
pended. 

18»«. 

3MM 

Jane 

8 

6.00  and  6.00  p.m. 

00 

108.00 

41.40 

60.00 

46.80 

17.40 

20.40 

2S467 

Jane 

8 

7.00  and  8.00  p.m. 

56 

58.00 

84.00 

10.00 

25.00 

11.00 

14.00 

S84e8 

Jan* 

8 

0.00  and  10.00  p.m. 

55 

84.40 

36.00 

7.50 

14.40 

7.60 

6.80 

88469 

Jnn« 

8 

11.00  and  18.00  P.M. 

54 

87.00 

88.60 

4.40 

0.00 

4.60 

4.40 

83470 

June 

0 

1^00  and  8.00  A.M. 

55 

87.00 

83.50 

4.50 

0.80 

5.50 

4.80 

8M71 

Jane 

0 

4.80  a.m. 

54 

81.00 

80.50 

0.60 

4.60 

4.10 

0.50 

88473 

June 

0 

5.00  and  6.00  a.m. 

54 

81.00 

10.00 

1.10 

5.10 

4.70 

0.40 

28476 

JuiM 

0 

.  7.00  and  8.00  a.m. 

55 

27.80 

81.00 

6.80 

8.60 

4.80 

4.80 

38477 

Jqm 

0 

0.00  and  10.00  A.M. 

66 

70.40 

85.10 

44.80 

48.40 

10.10 

88.80 

28478 

Jqim 

0 

11 .00  and  18.00  AM. 

58 

62.40 

84.80 

88.10 

81.60 

11.80 

10.80 

38470 

Jnn« 

0 

1. 00  and  8.00  P.M. 

57 

67.00 

86.70 

80.80 

80.20 

11.10 

28.10 

88480 

Jan* 

0 

8.00  and  8.45  p.m. 

57 

68.00 

86.80 

81.70 

80.80 

11.40 

28.40 

84255 

Aag. 

10 

5.00  and  6.00  p.m. 

— 

55.40 

87.00 

18.40 

28.20 

13.20 

16.00 

24266 

Aog. 

10 

7.00  and  8.00  p.m. 

66 

60.80 

80.40 

80.80 

80.40 

0.20 

20.20 

24257 

Aag. 

10 

O.OO  and  10.00  P.M. 

65 

48.80 

85.40 

18.40 

80.80 

5.60 

15.20 

24258 

Aog. 

10 

11.00  and  18.00  p.m. 

65 

80.40 

86.30 

4.30 

8.30 

4.80 

8.40 

34250 

Ang. 

11 

1.00  and  8.00  a.m. 

65 

85.00 

84.80 

0.80 

6.00 

4.20 

0.80 

24200 

Aag. 

11 

8.00  and  4.00  am. 

65 

86.80 

85.60 

1.80 

7.00 

6.20 

0.80 

34261 

Aag. 

11 

5.00  and  6.00  a.m. 

64 

51.80 

46.80 

5.00 

0.00 

7.80 

1.20 

24202 

Aug. 

11 

7.00  and  8.00  a.m 

67 

64.80 

40.60 

14.60 

10.00 

0.80 

0.20 

24268 

Aag. 

11 

O.OO  and  10.00  a.m. 

66 

70.40 

49.60 

80.80 

80.40 

18.40 

17.00 

24279 

Aag. 

11 

11.00  and  18.0UA.M. 

67 

55.00 

41.00 

14.00 

10.80 

8.60 

11.20 

24280 

Aog. 

11 

1.00  and  3.00  p.m. 

67 

87.00 

40.80 

87.80 

40.60 

0.40 

81.20 

84281 

Aag. 

11 

8.00  and  4.00  PJI. 

67 

60.60 

45.80 

88.80 

80.00 

9.40 

10.60 

Chemical  ExamituUions  oj  Sewage  from  Framingham — Concluded. 

[ParU  pw  100,000.] 


Akmovia. 

Chlorine. 

KiTBOOSV  AS 

OXTOBH  CORSUMBO. 

1 

Ftm. 

ALBUMINOID 

» 

Nltratoi. 

Hltrttao. 

UnlUtered. 

TotaL 

Dla- 

Sot- 

FUterod. 

& 

•OlVfld. 

pendid. 

23466 

8.7500 

1.6000 

.7600 

.5500 

6.06 

.0100 

.0000 

6.76 

8.60 

28467 

4.4500 

0.5700 

.6700 

.3000 

7.81 

.0010 

.0000 

4.40 

2.84 

28468 

3.8600 

0.4600 

.2200 

.3400 

6.18 

.0000 

.0000 

3.82 

1.54 

28460 

1.6000 

0.8400 

.1600 

.0800 

5.88 

.0010 

.0001 

1.60 

1.07 

28470 

0.8800 

0.8640 

.1400 

.1840 

4.69 

.0000 

.0000 

1.41 

0.96 

284n 

0.5600 

0.1000 

.0440 

.0660 

4.88 

.1400 

.0100 

0.61 

0.85 

88472 

0.4300 

0.0920 

.0440 

.0480 

4.17 

.1850 

.0130 

0.45 

0.85 

88470 

8.0600 

0.5100 

.8700 

.8400 

4.55 

.0090 

.0000 

8.11 

1.66 

884n 

8.8500 

0.8400 

.4600 

.6000 

5.68 

.0080 

.0000 

5.98 

8.08 

88478 

4.0600 

0.8200 

.8700 

.4500 

7.03 

.0080 

.0000 

5.47 

8.69 

88470 

8.7500 

0.7000 

.4700 

.6800 

7.73 

.0060 

.0000 

4.70 

2.78 

88480 

8.8500 

1.1600 

.5800 

.5800 

7.88 

.0100 

.0008 

5.15 

8.12 

81855 

6.8600 

0.6000 

.6600 

.8400 

T.15 

.0000 

.0000 

4.16 

2.40 

84856 

6.8000 

0.6800 

.4800 

.8000 

8.10 

.0100 

•0000 

4.40 

8.68 

81857 

1.5000 

0.5800 

.1800 

.6400 

6.95 

.0080 

.0000 

8.04 

1.54 

84858 

1.7600 

O.280O 

.1500 

.0800 

7.80 

.0000 

.0000 

1.83 

1.06 

81819 

0.5700 

0.1400 

.0600 

.0600 

5.69 

.0160 

.0660 

0.74 

0.54 

84880 

0.8000 

0.1100 

.0450 

.0660 

5.48 

.0510 

.0860 

0.69 

0.46 

81861 

0.5100 

0.1800 

.0650 

.1150 

14.94 

.0800 

.0550 

1.15 

0.61 

84868 

S.T600 

0.6500 

•8800 

.8700 

14.63 

.0000 

.0000 

8.71 

1.66 

8068 

4.8000 

0.9400 

.6000 

.5500 

11.75 

.0000 

.0001 

6.88 

8.50 

81870 

8.8600 

0.6700 

.8800 

.8000 

9.86 

.0000 

.0000 

4.82 

8.18 

84880 

6.0000 

0.7000 

.4800 

.8700 

9.50 

.0000 

.0000 

5.92 

8.80 

84881 

8.5500 

0.0000 

.6800 

.8700 

11.65 

.0000 

.0000 

8.40 

8.04 

TlM  mmplm  w«m  eoUeeted  from  tho  main  lewer  at  ita  oDtranco  to  tho  roiorrolr  near  the  pumping 
Sacta  Bunple  wae  oompoied  of  2  eqoal  portlona. 
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As  before  stated,  the  night  flow  of  sewage  is  stored  in  the  reser- 
voir at  the  pumping  station  and  pumped  only  during  the  daytime. 
When  the  pumps  are  stopped  a  large  quantity  of  sewage  remains  in 
the  force  main  until  the  pumps  are  started,  so  that  some  of  the 
sewage  is  quite  stale  by  the  time  it  reaches  the  filtration  area.  In 
order  to  ascertain  the  changes  which  occur  in  the  character  of  the 


Chemical  ETMmination  of  Sewage  from 

[PArta  per  100,000.] 


Rate  of 
Flow. 

Temper- 

KS8IDUB DM  ] 

EVAPOSATtOV. 

1 

1 

1 

Date. 

Boor. 

Oallooa 

ature. 

TOTAL  RBtlDDB. 

1    Loaa  OH  icvrrioir. 

1 

a 

a 

24  Hoar*. 

Dcf.  F. 

Total. 

Dla- 
•olvcd 

Baa- 
peoded. 

Total. 

Dia- 
aolved. 

Hot- 
peoded. 

ISM. 

• 

96700 

Apr.  14 

6.00  to  ll.aO  P.M. 

— 

47.4 

48.00 

40.60 

7.60 

10.00 

U.80 

6.60 

26701 

Apr.  16 

12.00  to    6.80  A.M. 

m, 

46.6 

27.00 

26.60 

1.60 

10.70 

.  0.60 

i.ao 

20771 

Apr.  16 

6.00  to  11.80  A.X. 

- 

46.6 

27.60 

24.70 

2.80 

10.80 

10.60 

«.:» 

26770 

Apr.  16 

12.00  to    6.30  P.M. 

• 

40.7 

66.80 

64.80 

11.00 

38.00 

81.80 

6.:» 

26787 

Apr.  16 

6.00  to  11.80  P.M. 

» 

48.4 

60.00 

48.20 

6.80 

22.00 

18.00 

4.00 

26788 

Apr.  16 

12.00  to    6.80  AM, 

» 

48.0 

27.60 

27.60 

0.10 

10.80 

10.70 

0.10 

26703 

Apr.  16 

0.00  to  11.80  AM. 

400,000 

47.0 

20.00 

10.30 

0.70 

7.00     6.80 

V.SO 

26807 

Apr.  16 

IS.OO  to    6.80  P.M. 

461,200 

47.2 

38.60 

28.60 

6.00 

18.00     0.00 

4.00 

268U 

Apr.  16 

6.00  to  11.80  PH. 

410,600 

40.6 

28.60 

24.00 

4.60 

10.00     7.60 

S.M 

26812 

Apr.  17 

12.00  to    6.80  A  X. 

884,800 

44.7 

21.60 

20.60 

1.00 

6.0O 

6.80 

o.as 

26818 

Apr.  17 

6.00  to  11.80  A.M. 

688,400 

47.8 

86.20 

88.00 

3.20 

16.70 

14.00 

2.;i 

26861 

Apr.  17 

12.00  to    6.30  P.X. 

608,800 

46.8 

61.10 

48.00 

8.10 

23./0 

16.70 

6.60 

26868 

Apr.  17 

8.00  to    1.80  AX. 

488,600 

48.8 

83.30 

28.70 

4.60 

12.00 

8.60 

3.W 

20864 

Apr.  18 

2.00  to    7.00  A.X. 

806,000 

40.8 

18.40 

18.20 

0.20 

6.70 

6.60 

0.10 

The  aamplea  were  collected  at  the  lower  end  of  the  main  aewer  aa  It  dlaclwrgea  loto  tlie  reaenroir. 
aample  waa  made  np  of  11  equal  portlona. 

Chemieal  Examinalion  of  Sewage  from 

[Parte  per  100,000.] 


^— 

Rate  of 
Flow. 

Tcfoper- 

RSSIDITa  OV  BTATOEATtOM. 

1 

1 

^ 

Date. 

Hour. 

Oallona 

atore. 

1        TOTAL  BBaiDUB. 

Loea  on  leatTioe. 

1 

» 

tiBoiirt. 

Deff.  F. 

TotaL 

Dli. 

SOlTCd. 

Soe- 
pended. 

ToUL 

wotnA.  peaded. 

ISM. 

1 

20700 

Apr.  16 

T.80  to  10.00  A  X. 

* 

48.2 

86.4J 

82.90 

8.20 

1  16.00 

18.00 

2.01 

t  120777 

Apr.  16 

10.30  to    1.00  P.M. 

* 

47.T 

84.10 

81.60 

1.00 

'  14.60 

14.00 

0.S0 

8    20778 

Apr.  16 

1.30  to    8.30  P.M. 

• 

40.4 

678.00 

48.20 

084.80 

U2.40 

28.00 

8».I0 

4    20701 

Apr.  16 

7.30  to  10.00  A.M. 

1.078,000 

48.4 

>  48.60 

82.00 

lO.TOj'  n.OO   18.11 
S.Od    18.00   11.70 

T.80 

6    20702 

Apr.  16 

10.30  to    1.00  P.X. 

1,220,600 

47.7 

20.20 

W.SO 

IJO 

0    20806 

Apr.  10 

2.00  to    4.80  PJi. 

670,000 

47.1 

46.80 

88.00 

12.80  >  28.00  18.80 

f.W 

T  ;  20810 

Apr.  17 

7.30  to  10.00  A  X 

1,672,000 

48.1 

28.00 

28.90 

Sao    IS.TOi  U.40 

0.91 

8 

26836 

Apr.  17 

10.30  to    2.00  P  X. 

1,888,400 

48.1 

41.80 

86.70 

8.10     l&.50t  I1.T0 

S.M 

0 

20886 

Apr.  17 

S.0O  to    4.80  PJf. 

»81,SM 

49.1 

67.10 

44.W 

11.80    S.10|  18.00 

1I.1I 

TiM  aamplee  were  eoUeded  front  a  tap  In  the  aewage  pomp  whOe  penptac 


ttenr 


Xo.  34.] 
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sewage  between  the  time  it  reaches  the  pumping  station  and  the 
time  that  it  is  distributed  on  the  filters,  a  series  of  analyses  was 
made  in  the  spring  of  1899,  the  results  of  which  are  shown  in  the 
tables  which  follow.  Several  samples  of  effluent  were  also  col- 
lected in  the  course  of  a  single  day,  the  results  of  which  are  also 
appended. 


the  Main  Sewer  at  Framvigham, 


[Parts  per  100,000.] 


AmffomA. 

NmOOBH  AS 

OXTOBH  COHSUIffKD. 

▲LBDMIHOID. 

Chlorlna. 

Nitrates. 

Nitrites.  , 

; 
1 

Unflltered. 

Filtered. 

Free. 

Total. 

■olved. 

Sat- 
p«Dded. 

1.6400 

0.4600 

.8760 

.0840 

6.68 

.1220 

.0160 

6.00 

4.16 

1 

0.8880 

0.3480 

.1020 

.0660 

4.29 

-.1280 

.0160 

2.64 

2.08 

2 

1.0B60 

0.2760 

.2280 

.0480 

8.40 

.0040 

.0140 

8.44 

2.21 

3 

S.2900 

1.040r) 

.6600 

.8800 

6.06 

.0120 

.0320 

0.28 

6.40 

4 

1.6600 

0.5700 

.4700 

.1000 

6.76 

.1180 

.0180 

7.62 

6.76 

6 

1.4600 

0.8200 

.2200 

.1000 

4.05 

.2600 

.0200 

2.06 

2.46 

6 

0.4600 

0.0020 

.0740 

.0180 

8.08 

.8760 

.0280 

0.70 

0.62 

7 

2.S600 

0.4700 

.8600 

.1100 

6.88 

.1800 

.0200 

6.60 

4.10 

8 

1.8900 

0.4100 

.2600 

.1600 

4.70 

.0660 

.0180 

8.71 

3.10 

• 

1.1800 

0.1880 

.1660 

.0320 

8.81 

.2000 

.0160 

2.84 

1.70 

10 

i.aooo 

0.4100 

.8000 

.1100 

4.68 

.0600 

.0800 

4.66 

8.66 

11 

S.4800 

0.6000 

.6000 

.1000 

7.02 

.0160 

.0180 

0.12 

7.86 

12 

1.4600 

0.4000 

.8280 

.0720 

4.76 

.0020 

.0160 

6.62 

8.07 

18 

0.7600 

0.2800 

.1200 

.1100 

t.26 

.1760 

.0180 

1.76 

1.26 

14 

Each  aample,  exeept  the  last,  was  made  ap  of  12  eqaal  portions  collected  every  half  boor.    The  last 


the  Pumping  Station  at  Framingham. 

[Parta  per  100.000.] 


Ammonia. 

Chlorine. 

NiTROGBH  AS 

OXTQBN  COBSCVBD. 

▲LBUMIirOW. 

Nitrates. 

Nitrites. 

Unflltered. 

Filtered. 

• 

Free. 

TotaL 

Dis- 
solved. 

Bas- 
pended. 

1.2400 

0.2640 

.2080 

0.0660 

• 

4.60 

.0680 

.0180 

4.64 

8.14 

1 

1.6400 

0.4260 

.3760 

0.0600 

4.88 

.0180 

.0200 

4.00 

2.02 

2 

8.8000 

0.8000 

.6800 

9.1200 

6.47 

.0000 

.0300 

76.20 

4.16 

8 

1.7400 

0.4000 

.8400 

0.1600 

4.96 

.1100 

.0240 

6.60 

8.68 

1.8000 

0.2000 

\2800 

0.0600 

4.14 

.0080 

,0280 

8.28 

2.14 

S.6000 

0.6600 

.8880 

0.2720 

7.02 

.1200 

.0240 

6.80 

4.88 

1.8900 

0.3600 

.1840 

0.1660 

4.26 

.1900 

.0240 

8.28 

2.43 

1.6800 

0.4900 

.8700 

0.1200 

6.06 

.0250 

.0200 

6.16 

4.68 

2.2800 

0.7800 

.6200 

0.2800 

7.10 

.0260 

.0200 

0.44 

6.84 

ervotrlo  the  filtration  area.   Eaeh  sample  was  made  up  of  eqoal  portions  coUeeted  each  half  bonr. 
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C^emieal  Examination  of  Bewage  from 

[Part*  per  100^000.] 


Bate  of 
Flow. 

Ttmper- 

BmIDITS  cm  ETAPOa4TIO«. 

& 

Date. 

Hour. 

OaUons 
24Hoan. 

atore. 

TOTAi  mcaiDVB. 

LOSS  ov  lonmn. 

Deg.  F. 

TotaL 

Dis- 
solved. 

Sas- 
peoded. 

Total. 

IHs-       Sat- 
•oIv«d.jpeBdcd. 

!•••. 

1 

26767 

Apr.  16 

7.85  to    7.55  a.m. 

•i 

44.7 

42.80 

84.20 

8.10 

20.80  18.20 

7.M 

s 

86768 

Apr.  16 

8.05  to    8.25  A.M. 

m. 

45.8 

48.70 

85.00 

8.70| 

19.70   14.70 

5.00 

8 

26770 

Apr.  16 

8.80  to  11.00  A.M. 

• 

46.7 

84.00 

80.00 

4.00 

18.20   10.50 

2.70 

4 

26780 

Apr.  15 

11.80  to    2.00  P.X. 

- 

46.8 

88.80 

81.10 

3.20 

14.80,  M.OO 

1.SS 

ft 

26781 

Apr.  16 

2.80  to    4.00  P.M . 

— 

47.6 

65.80 

40.50 

24.80 

88.80  19.00 

10.31 

6 

26706 

Apr.  16 

7.40  to    8.00  A.M. 

1,857,400 

45.0 

148.40 

85.10 

108.80  1117.00   16.60 

101.40 

7 

26704 

Apr.  16 

8.10  to    8.80  A  If . 

2,069,100 

46.2 

717.60 

40.40 

677.20  578.80  80.80 

56S.I0 

8 

26796 

Apr.  16 

8.80  to  11.00  A.X. 

2,007,200 

47.8 

89.00 

81.50 

7.50  1  17.60,  12.50 

5.10 

9 

26707 

Apr.  16 

11.80  to    3.00  P.M. 

815,760 

46.7 

27.40 

24.40 

8.00 

i  10.40,    7.70 

s.n 

10 

26806 

Apr.  16 

2.80  to    4.80  P.lf. 

518,000 

45.8 

26.50 

35.00 

1.50!    8.00     7.40 

0.M 

11 

26816 

Apr.  17 

7.86  to    7.55  a.m. 

1,908,900 

44.0 

88.90!  85.50 

8.40;i  17.90 

15.50 

2.4a 

IS 

26816 

Apr.  17 

8.05  to    8.25  A.1I. 

1,497,600 

44.T 

149.10  80.80 

118.80, 105.60^  11.50 

94.10 

18 

26817 

Apr.  17 

8.80  to  11.00  A.X. 

1,686,600 

46.5 

85.80  24.00 

11.30' 

17.00 

0.50 

7.i0 

14 

26887 

Apr.  17 

11.8010    2.00  PV. 

1.682,400 

46.1 

84.50 

28.50 

a.oo; 

18.60 

8.00 

t.oo 

16 

26938 

Apr.  17 

2.80  to    4.80  P.M. 

989,800 

46.6 

50.10 

40.00 

10.10* 

19.00 

12.00 

7.00 

I'Q 

26859 

Apr.  18 

7.80  to    8.20  A.M. 

2,089,800 

45.4 

81.60  48.00 

S8.60' 

47.00 

18.00 

21.00 

17 

26860 

Apr.  18 

8.80  to  10.80  A  M. 

1,648,000 

47.1 

81.00  26.10 

4.80. 

10.801    0.40 

8.00 

The  samplaa  were  ooUeoted  from  a  manhole  at  the  end  of  the  foroe  main  at  tho  aewage  waa  dte* 
▼ala;  the  flrat  aamplea  eaoh  day  repreaent  aewage  which  haa  remaiaed  in  the  foroa  nala  for  abost 


Chemical  Examination  of  Effluent  Jrom  the  We4 

[Parte  per  100,000.] 


^5 


How. 


1 

3 
8 

4 
8 

• 


86821 


36840 


April  17 
April  17 
Aprtt  17 
April  17    12.00  X. 


8.05  A.X. 

9.08  A  Jl. 

10.08 


April  17 


8.18  PJi. 


April  17  I   6.06  P.X. 


AppiAaAvca. 


TuWdltjr. 


SadbnaBt 


Sllfht. 

Nona. 

None. 

None. 

V.allghl. 

V.aH^t. 


Oona. 

V.aUffbt. 

V.aUcht. 

V.  alight. 

SHghl. 

Slight. 


.05* 
.06 
:06 
.07 


Ooon. 


Gold. 


V.  fUntlymaoty. 
V.  faintly  mnaty. 
FUntly  Boaty. 
V.Caintlymnaty. 
V.  ftdnlty  araoty. 


.08*'i  V.ftdnlty 


t>liitlBct]y  mnaly  aad 

dtaacTveahla. 
Dtmlnetly  noaly  aad 

dtaat^foeable. 
Disuooly  moaty  aad 

diaagiuiabla. 
DiMinctly  aaaty  aad 

diaagnaabie. 
Diwtinctly 

diaagrw 
Diadfketty 


Thaaamplaa 
Tnrhid. 


tka 


altv 
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the  FiUraHon  Area  at  Framingham. 

[Puts  POT  100,000.] 


AMlfOXIA. 

ChlflrtM. 

KiTROOBH  AM 

OZTOSir  COMAUMBD. 

AUiumvoio 

KttntM. 

xritrit6f. 

Unflltand. 

FUtend. 

FHe. 

TotaL 

•olvfld. 

8n«- 
p«nde4. 

s.esm 

0.6480 

.8800 

0.2680 

6.67 

•0280 

.0180 

4.88 

8.62 

1 

S.64S0 

0.6040 

.8640 

0.2000 

6.80 

.0080 

.0160 

6.62 

8.68 

2 

1.41d0 

0.8640 

.2080 

0.0660 

4.60 

.0600 

.0240 

4.72 

2.60 

8 

i.«aoo 

0.4800 

.4200 

0.0700 

4.44 

.0100 

.0220 

4.00 

2.88 

4 

8.S400 

1.0600 

.6100 

0.6200 

6.88 

.0060 

.0820 

8.80 

6.12 

6 

s.oooo 

1.8600 

.6400 

1.8100 

6.10 

.0070 

.0000 

10.66 

8.62 

6 

4.4000 

12.8000 

.7000 

11.6400 

6.10 

.0000 

.0000 

86.40 

8.66 

7 

1.0600 

0.4T60 

.2060 

0.1800 

4.00 

.0000 

.0880 

8.02 

2.04 

8 

l.OTOO 

0.8000 

.2100 

0.0000 

8.00 

.1060 

.0800 

2.08 

1.76 

8 

S.OOOO 

0.8800 

.2620 

0.1280 

4.41 

.1200 

.0840 

2.88 

2.11 

10 

8.4400 

0.6100 

.8820 

0.1780 

6.60 

.0060 

.0120 

6.62 

8.42 

11 

t.80OO 

2.7000 

.8700 

2.8800 

8.88 

.0060 

.0080 

21.20 

8.76 

12 

l.MOO 

0.6300 

.1760 

0.8640 

4.87 

.1200 

.0840 

4.08 

2.18 

18 

1.8100 

0.6800 

.8100 

0.2600 

6.80 

.1000 

.0240 

4.40 

8.66 

14 

S.lTfiO 

0.6760 

.4700 

0.1060 

6.07 

.0160 

.0240 

6.88 

6.70 

16 

8.0800 

0.8000 

.6600 

0.8600 

8.80 

.0000 

.0000 

8.28 

7.18 

16 

1.4700 

0.4800 

.8600 

0.0600 

4.60 

.0640 

.0160 

4.00 

8.04 

17 

ctergwl  upon  Um  Alter-lMds.   Th«  MunplM  w«n  mad«  ap  of  •qoftl  portioDa  eoIleeMl  at  fraqaant  Intar- 
foartMD  konn. 


Underdrain  cU  the  Framingham  FiUer-beds, 

[Part*  per  100,000.] 


RBfllDUB 
OS  STAFOBATiaV. 

AmiOMiA. 

i 

VlTBOOSV  AM 

Oxygen 

Contomed. 

1 

a 

• 

1 

LoMon 
ignidoD. 

FrM. 

AUIIJMniOID. 

NttratM. 

Hltrltet. 

IWaL 

TotaL 

Dta- 
•olr«<L 

Sof- 
peaded. 

S2.60 

^, 

.1200 

.0160 

^ 

^ 

8.88 

.6100 

.0004 

.82 

4.8 

.0600 

18.70 

- 

.1200 

.0140 

- 

- 

8.70 

.8800 

.0007 

.26 

6.0 

.0070 

18.80 

- 

.1240 

.0180 

- 

- 

8.80 

.7000 

.0007 

.26 

4.0 

.0080 

18.60 

- 

.1200 

.0176 

- 

- 

8.88 

.6800 

.0006 

.26 

6.0 

.0080 

18.80 

- 

.1200 

.0148 

- 

- 

8.88 

.8000 

.0006 

.28 

4.7 

.0060 

18.60 

- 

.1120 

.0182 

- 

- 

8.80 

.6260 

.0007 

.28 

4.6 

.0070 

OQtlai  vhlle  Mwaga  waa  bdng  appUad  to  tha  Ueda. 
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The  temperature  of  the  sewage  when  it  reaches  the  filtration  area, 
as  observed  by  the  superintendent  of  sewers,  is  shown  in  the  follow- 
ing table' :  — 

Average  Monthly  Temperaiure  of  Sewage  Delivered  at  Framingham  FtUer-bcds 

during  the  Tear  1898. 


MOXTH. 


Temperatare. 
Degrees  F. 


January, 
February, 
March, 
April,. 
May,    . 
Jqdo.  • 


62 
62 
62 
62 
62 
68 


MOMTB. 


DegreMF. 


Jaly,  .  . 
Aaguat,  • 
September, 
October,  . 
November, 
December, 


6T 
67 
69 

6e 

68 

60 


The  temperature  of  the  sewage  is  doubtless  largely  influenced  by 
the  temperature  of  the  public  water  supply,  which  is  drawn  from  the 
ground,  and  during  the  winter  months  the  sewage  is  delivered  at 
the  beds  at  a  higher  temperature  than  the  sewage  at  most  of  the 
other  filtration  areas  of  the  State. 

Frequent  analyses  of  samples  of  sewage  collected  from  the  end  of 
the  force  main,  as  the  sewage  flowed  out  upon  the  beds,  and  of  the 
efliuent  from  each  of  the  underdrains,  have  been  made  since  1893, 
the  average  results  of  which  are  given  in  the  tables  which  follow. 
Analyses  have  also  been  made  of  samples  collected  from  a  spring 
situated  near  the  filtration  area,  the  water  of  which  is  used  for 
drinking  purposes  by  those  employed  at  the  filtration  area.  The 
analyses  indicate  that  the  water  of  the  spring  contains  a  large 
proportion  of  purified  sewage. 


Yearly  Averages  of  Chemical  ExaminaUons  of  Sewage  from  Framingham. 

[Pitfta  p«r  100,000.] 


j 


1808 
1804 
1806 
1800 
180T 
1808 


RtaiOUB  0«  E7AK>BAT10R. 


TOTAL  asaiDUB. 


I 


*8 


it 


LOSS  OK  lomnoN. 


I? 


80.87 


1 


67.00,  88.80^  84.00 

6T.70:  88.78  23.02!  81.17 

76.06  20.64  46.41    48.02 

846.26  87.68'208.63  100.82 

800.67   66.88:642.00. 841.08 

218.00  48.82jl72.6Si  168.00 


10.06  10.43 
10.83,  20.84 
0.44;  80.48 
18.M' 188.74 
22.70S18.3S 
U.SOi  141.83 
I 


AXXOHIA. 


I 


ALBCXIMOID. 


it 

-8 


i1 


I 


2.0283' 
2.48801 
2.7173: 
2.88U7; 
8.140a 
8.1012. 


0.4008 
0.6186 


I 


0.21620.1864,1  6.22 
0.i606  0.2827  I  6.80 


.0136  .0116 
,O00».O042 


0.00061  0.21860.4891)  •  6.4St  .0021  .OOM 


2.7272 
2.8810 
3.14601  0.8117,2.68831! 

i; 


4.0C  2^ 
6.01  2.21 


0.84382.8834;;  7.23'  .00d3  .0003  16.02  2.06 
0.4202  2.460(«t  11.66J  .001»  .0010  23.28  3.61 

006&  .0020  26.20  4J7 


8.46 


I 


The  eewac*  waa  ooUeded  aa  It  flowad  oat  upon  tbt  bada. 
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Tearlif  Averages  of  Chemical  Examinations  of  Effluent  fixnn  the  East  Underdrain 

of  the  Framingham  Filter-beds. 

[ParU  per  100,000.] 


BSSIDDS  OH  EVAFOftATIOM. 

Ammohia. 

NlTBOOBH 

AS 

OXTOBK 
COMSOMSO. 

TOTAL  KS9IOUB. 

LOSS  ON  lOiriTioir. 

ALBUMIVOID. 

■ 

1 

• 

1 

8.85 

SB 

J 

5 

i 

• 

1 

Dis- 
solved. 

Sus- 
pended. 

1 

• 

^1 

"1 

i 

^1 

j| 

1 

1803 

24.70 

^ 

. 

. 

.1786 

.0006 

. 

. 

1.2202 

.0074 

. 

, 

1804 

26.84 

. 

. 

• 

• 

« 

.0467 

.0080 

. 

. 

4.37 

1.0754 

.0082 

.12 

* 

1806 

20.15 

- 

• 

• 

. 

• 

.2663 

.0085 

• 

am 

4.78:1.2285 

.0067 

.16 

• 

1806 

26.47 

• 

• 

. 

. 

_ 

.2067 

.0100 

• 

m, 

6.24  0.7688 

.0020 

.16 

. 

1807 

85.01 

. 

. 

. 

. 

. 

.1426 

.0125 

M 

m. 

8.8410.0862 

.0044 

.15 

M 

1808 

82.87 

~ 

" 

• 

^ 

•■ 

.6386 

.0176 

^ 

• 

6.74;i.0588 

1 

.0085 

.18 

" 

The  aamplat  wera  ooUeoted  from  the  and«rdrmln  at  ita  onttot. 

Yearly  Averages  of  Chemical  Examinations  of  Efflttent  from  the  West  Underdrain 

of  the  Framingham  FiUer-beds. 

[PurtB  per  100,000.] 


lUSXDUB  OV  KVAPOBATIOV. 

AmroHiA. 

. 

NlTBOOBV 
AB 

OXTOBir 
CONSCIIBD. 

TOTAL  BBSIDUB. 

LOSS  OK  lannov. 

ALBUMINOID. 

• 

i 

^ 

Dis- 
solved. 

Sus- 
pended. 

H 

Dis- 
solved. 

Sus- 
pended. 

1 

1 

Dis- 
solved. 

Sus- 
pended. 

i 
6 

8.64 

1 

1 

a 

e 

1808 

28.65 

^ 

^^ 

^ 

^ 

'. 

.1071 

.0080 

^ 

^ 

1.0860 

.0045 

. 

^ 

1804 

27.00 

M 

. 

.. 

. 

. 

.0812 

.0070 

. 

• 

4.17 

1.1050 

.0010 

.12 

• 

1805 

25.24 

M 

• 

. 

• 

M 

.2145 

.0084 

• 

• 

4.47 

0.0008 

.0048 

.10 

. 

1896 

26.80 

•i 

- 

• 

. 

. 

.0658 

.0106 

« 

• 

4.74 

0.7412 

.0080 

.16 

• 

1807 

28.87 

« 

• 

. 

M 

. 

.1241 

.0170 

. 

.. 

6.80 

0.7115 

.0027 

.28 

• 

1808 

28.63 

" 

" 

*" 

• 

~ 

.8276 

.0162 

" 

~ 

5.80 

0.7625 

.0026 

.24 

• 

TlM  samplaB  were  oolI«oted  from  the  anderdrmin  tt  its  outlet. 


Yearly  Averages  of  Chemical  Examinations  of  Water  from  a  Spring  near  Ban^ 
nister  Brook  which  receives  Effluent  from  the  Framingham  Filter-beds, 

[Parte  per  100,000.] 


BBBUNJB  OV  EVAPOBATIOir. 

Ammovia. 

* 

1 

2.76 
3.13 
3.81 
3.43 
3.78 
4.16 

HlTBOOBV 
AB 

OXTOBV 
COMSDMBD. 

TOTAL  BCBIDUB. 

LOSS  OV  lOBinov. 

Fieew 

ALBDXXMOID. 

i 
1 

1 

1 

g 

1 

1 

• 

^1 

A 

& 

Si 

A 

1 

Dis- 
solved. 

Sus- 
pended. 

1 

1808 
1804 
1805 
1806 
1807 
1808 

18.45 

18.87 
18.71 
10.02 
10.70 
20.87 

- 

- 

- 

- 

- 

.0001 
.0004 
.0001 
.0008 
.0006 
.0010 

.0014 
.0028 
.0018 
.0080 
.0020 
.0002 

tm 

- 

.6005 
.8810 
.7856 
.6415 
.5671 
.6862 

.0000 
.0000 
.0000 
.0000 
.0001 
.0000 

.02 
.08 
.04 
.02 
.06 

- 
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The  following  table  gives  the  results  accomplished  by  the  filters 
in  the  purification  of  the  sewage  since  1892,  as  indicated  by  the 
free  ammonia,  albuminoid  ammonia  and  oxygen  consumed  in  the 
sewage  and  effluent.  As  there  is  some  ground  water  mixed  with 
the  effluent,  the  results  indicate  only  approximately  the  purifi- 
cation effected  in  passing  through  the  filters.  An  interesting  fiict 
in  regard  to  the  purification  effected  is  that  the  sewage  is  often  very 
highly  colored,  owing  to  large  quantities  of  dyes  which  are  dis- 
charged into  the  sewers  from  the  straw  factories,  while  the  effluent 
has  never  had  any  traces  of  this  color. 


Table  shotcing  the  Amount  of  Free  and  AlbumirMid  Ammonia  and  Oxygen  (kn- 
sumed  in  the  Framingham  Sewage  and  in  the  Effluent  from  the  East  Under- 
drain,  together  with  the  Percentage  removed  from  the  Sewage  by  Filtration, 

[Part*  per  100,000.] 


FUBB  AmcoiOA. 

TOTAL  ALBimilOIO 

Akmoiiia. 

OxroBv  OovamisD. 

TXAS. 

Sewage. 

Efflaent 

Per 
Gent,  re- 
moved. 

Sewftfe. 

Efflnmt. 

Per 
Centre- 
moved. 

Sewag*. 

Effluent. 

Oem.iy- 

1808,  .       .       . 
1804,  .       .       . 
1806,  .       .       . 

1806,  .        .       . 

1807,  .       •       . 

1808,  .       .        . 

2.0283 
2.4S80 
2.7178 
2.8607 
8.1400 
8.1012 

.1786 
.0467 
.2668 
.2067 
.1486 
.6886 

01.1 
08.1 
00.6 
02.8 
06.6 
70.4 

0.4006 
0.6186 
0.6086 
8.7S78 
8.8810 
8.1460 

.0006 
.0080 
.0086 
.0100 
.0126 
.0176 

07.6 
08.8 
06.8 
00.6 
00.6 
00.4 

4.06 

6.01 

16.08 

88.88 

86.80 

.18 
.16 
.16 
.16 
.U 

9T.0 
07.8 
80.1 
80.4 
80.8 

Table  shounng  the  Amount  of  Free  and  Albuminoid  Ammonia  and  Oxygen  Om- 
mmed  in  the  Framingham  Sewage  and  in  the  Effluent  from  the  Weat  Under- 
drain^  together  unth  the  Percentage  removedfram  the  Sewage  by  FUtration. 

[Parte  per  100,000.] 


FBKX  AmtOHIA. 

Total  ALBina>on> 

AJOCOKIA. 

OxroBS  OonuMSBL 

TSAB. 

Sewage. 

Effluent. 

Per 

Centre- 
laoTed. 

Sewage. 

Efflaent 

Per 

Cent  r»- 

nored. 

Sewage. 

— • 

OmLR- 

1808,  .       .       . 
1804,  .       .       . 
1806,  .       .       . 

1806,  .       .       . 

1807,  .       .       . 

1808,  .       .       . 

2.0288 
2.4380 
2.7178 
2.8007 
8.1400 
8.1012 

.1071 
.0812 
.2146 
.0668 
.1241 
.8276 

04.7 
06.7 
02.8 
07.7 
06.0 
80.6 

0.4006 
0.6186 
0.6086 
8.7878 
8.8810 
8.1460 

•0080 
.0070 
.0064 
.0106 
.0170 
.0162 

06.0 
08.6 
08.8 
00.6 
00.4 
00.6 

4.06 

6.01 

16.03 

88.88 

86.80 

.18 
.10 
.10 
«8t 
.84 

or.i 

86J 

80.8 
88.0 
80.1 
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The  effluent  is  discharged  into  Bannister  Brook,  which  has  a 
water-shed  of  2.05  square  miles.  There  is  no  population  on  the 
banks  of  the  brook  for  some  distance  below  the  point  where  the 
sewage  is  discharged.  Analyses  of  samples  of  water  collected  in 
the  summer  months  from  the  brook  above  and  below  the  point  where 
it  receives  the  effluent  are  given  in  subsequent  tables.  There  is  no 
population  within  1,000  feet  of  the  filtration  area.  Two  streets  pass 
by  the  filter-beds,  but  there  appears  to  be  no  complaint  of  odors 
ariding  from  the  beds. 


Yearly  Averages  of  Chemical  Examinations  of  Water  Jrom  Bannister  Brook  above 

and  below  the  Framingham  Fitter-beds, 

Brook  above  Filter-bedi, 
[ParU  per  100,000.] 


TXAB. 


1808,     . 
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0.61 


Rbuoub  o« 

EVAP0a4- 

nov. 
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I 
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4.22 


AmcosxA. 


ALBUMIIIOID. 
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.0020 
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XlTBOOBH 
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.OOTT 


i 


.12 
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Brook  below  FUter-beda. 


1808 

1.16 

7.87 

2.07 

.0028 

.0260 

.0207 

.0068 

0.08 

.0606 

.0008 

0.88 

2.6 

1806 

1.81 

10.07 

8.82 

.0080 

.0880 

.0887 

.0048 

1.63 

.0802 

.0000 

1.88 

2.8 

1808, 

0.17 

21.22 

8.26 

.0078 

.0148 

.0081 

.0088 

8.87 

.4700 

.0020 

0.28 

4.4 

1807. 

0.18 

21.82 

7.10 

.0181 

.0127 

.0086 

.0042 

4.48 

.2488 

.0028 

0.28 

8.0 

1808 

0.48 

10.07 

6.68 

.0080 

.0880 

.0228 

.0110 

8.28 

.2787 

.0170 

0.80 

4.1 

The  nmplM  from  th«  brook  abov*  th«  filter-beds  were  coUeeted  from  the  etreftm  below  the  point 
where  the  efflaeot  from  the  Natick  fllter-bede  ODtere  the  ftreem  and  above  the  point  where  the  efflaent 
from  the  Framingham  fllter-bede  enters  the  stream. 


Reference  has  already  been  made  to  the  system  of  underdrainage 
beneath  the  sewers  in  Framingham.  Samples  of  water  from  the 
main  underdrain  have  been  analyzed  each  month  for  a  number  of 
years,  the  yearly  averages  of  the  results  of  which  are  given  in  the 
following  table.  During  the  year  1898  analyses  were  also  made  of 
the  effluent  from  the  filter-bed  on  which  the  underdrain  water  is  dis- 
charged. It  will  be  observed  that  the  character  of  the  water  flowing 
in  the  underdrains  has  improved  since  the  sewer  system  was  first 
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constructed.  This  is  probably  due  in  a  large  measure  to  the  fiict 
that  much  of  the  sewage  which  was  discharged  into  the  groand 
before  the  sewer  system  was  constructed  is  now  carried  away  in 
the  sewers,  thus  reducing  the  amount  of  pollution  of  the  groand 
water. 


Yearly  Averages  oj  Chemical  Examinalions  of  Water  from  the  Underdrain  beneath 

the  Sewers  at  Framingham, 

[ParU  per  100,000.] 


6 

KB8IDDB  OK 

EVAPOKA- 
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Akmovia. 

6 
1 
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8.51 

KlTSO«BH 
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1 
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1 
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TxMt. 

1 
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pended. 
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1800,  . 

.01 
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• 
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.6886 
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8.4 

- 

1801,  . 
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.1020 
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- 

8.51 

.6833 

.0010 
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- 
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.01 

10.32 
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.0806 

.0042 

- 

- 

8.00 
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- 
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.02 
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- 

.0820 
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- 

- 

8.84 

.6882 

.0014 

.06 

T.4 

- 

1804,  .       . 

.00 

22.24 

- 

.0620 

.0083 

- 

- 

8.61 

.6816 

.0028 

.66 

7.1 

- 

1805,  .       . 

.08 

20.02 

- 

.0502 

.0086 

- 

- 

2.20 

.4005 

.0023 

.00 

7.7 

.OM 

1806,  .       . 

.00 

10.00 

• 

.0462 

.0200 

- 

- 

2.07 

.3575 

.0048 

.17 

7.2 

.0110 

1807,  ,       , 

.16 

16.72 

- 

.0218.0101 

- 

- 

1.75 

.8160 

.0012 

.17 

6.7 

.0181 

1808,  .       . 

.08 

10.72 

- 

.0640 

.0141 

- 

- 

2.14 

.4470 

.0020 

.12 

7.7 

.0161 

Average  of  Chemical  Analyses  of  Effluent  from  the  FiUer-bed  which  receives 
Water  from  the  Underdrain  beneath  the  Sewers  at  Framingham, 

[Puta  per  100,000.] 
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Gardner. 

Estimated  population  in  1898,  9,637. 

The  town  is  situated  within  the  water-sheds  of  the  Miller's  and 
the  North  Branch  of  the  Nashua  rivers,  the  larger  portion  of  the 
area  being  within  the  water-shed  of  the  former  stream.  The  principal 
part  of  the  population  of  the  town  is  in  several  villages  which  are 
not  widely  separated,  so  that  it  is  practicable  to  collect  the  sewage 
of  nearly  all  the  thickly  settled  portion  of  the  town  and  convey  it 
to  the  filtration  area  by  gravity.  The  topography  of  the  town  is 
uneven  and  some  of  the  slopes  are  very  steep.  There  are  several 
large  factories  in  the  town,  but  none  of  them  discharges  any  consider- 
able quantity  of  manufacturing  sewage  into  the  sewers,  the  principal 
industry  being  the  manufacture  of  chairs  and  other  wooden  goods. 

A  water  supply  was  introduced  in  the  town  in  1882,  and  the  aver- 
age consumption  of  water  per  day  during  1898  was  729,000  gallons, 
or  76  gallons  per  capita. 

The  sewer  system  and  disposal  works  were  constructed  in  1891. 
The  sewers  were  designed  to  receive  house  sewage  only,  although 
a  few  roofs  have  been  connected  with  the  sewers  at  the  ends  of 
branch  lines.  The  sewers  are  constructed  of  earthen  pipe,  except- 
ing a  small  portion  of  the  main  sewer  at  its  lower  end,  which  is 
constructed  of  iron  pipe,  and  the  largest  sewer  is  12  inches  in 
diameter.  Much  water  was  encountered  in  the  ground  when  the 
sewers  were  constructed,  and  especial  care  was  taken  to  prevent  the 
entrance  of  ground  water  through  the  joints  of  the  pipes,  but  no 
underdrains  were  provided  beneath  the  sewers  for  the  removal  of 
ground  water. 

At  the  end  of  1898  the  total  length  of  sewers  was  10.02  miles 
and  there  were  363  connections,  which  can  be  roughly  classified  as 
follows :  — 

Dwelling-hoases, 298 

Basiness  blocks, 42 

Factories, .11 

School-hoases, 6 

Hotels, 4 

Churches, 8 

Total  coDDections,       •        , .     363 
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The  quantity  of  aewage  variea  greatly  from  time  to  time.  No 
records  of  the  quantity  have  been  kept  by  the  town,  but  several 
measurements  have  been  made  by  the  State  Board  of  Health  to 
determine  the  quantity  flowing  at  different  times  and  under  varying 
conditions  of  weather  and  height  of  water  in  the  ground.  The 
results  of  these  measurements  are  given  in  the  following  table  :  — 


TwBNTT-roua  Houbs  BBomsniiQ^ 

Temper- 
aturs. 

Deg.F. 

Total 

Flow  In 

Twenty- 

fbor  Hours 

(Uallons). 

Maxhnum 
Kate 

(OaUons 
per 

Twenty- 
four 

Hours). 

Hour  at 
which 

Maximum 
Flow 

Occurred. 

Mlnfmum 
Kate 

(Gallons 

Twenty- 
four 
Boars). 

Hour  at 

Date. 

Boar. 

*  Day  of  Week. 

whica 

MlnhnoA 

Flow 

ISM. 

Kay    11,  .      • 

10  A.M. 

Wedneeday, . 

40.6 

882,800 

471,000 

8  P.M. 

800,400 

4AJI. 

May    81,  .       . 

IIAJI. 

Taeeday, 

fil.4 

880,700 

486,000 

8  P.M. 

804,700 

4AJI. 

July   10,  .       • 

Oajc. 

Tueeday, 

68.0 

206,600 

267,800 

2  P.M. 

144,000 

4AJI. 

July   80,  .       . 

0A.1I. 

Wedneeday, . 

08.7 

206,200 

266,200 

0  A.X. 

160,700 

4aji. 

Joly  21,  .       • 

Oaji. 

Thursday,    . 

04.8 

217,700 

270,800 

8  P.M. 

164.000 

8aJL 

July   22,  • 

Oa.x. 

Friday,  . 

68.6 

200,100 

282,600 

0  AM. 

146,600 

8am. 

July  28,  . 

Oa.x. 

Saturday, 

68.8 

108,000 

264,700 

0  A.X. 

180,100 

6AJi. 

Joly  24,  .       . 

0a.m. 

Sunday, 

68.1 

186,800 

274,800 

8  A.M. 

126,000 

4aji. 

July   26,  .       . 

Oa.x. 

Monday, 

64.1 

204,000 

272,600 

0  A.M. 

180,000 

4AJI. 

ISM. 

Jan.   81,  . 

0  a.m. 

Taeeday, 

« 

41.6 

888,600 

428,400 

12  M. 

268.600 

6  am. 

Feb.     1,  . 

0  a.m. 

Wednesday, . 

41.6 

882,700 

440,400 

9  TJtt. 

288,800 

4AJI. 

Feb.     2,  • 

0  a.m. 

Thursday,     . 

41.8 

804,200 

488,400 

2  TJtt. 

200,200 

8AJI. 

April  17,  .       . 

10  a.m. 

Monday, 

40.1 

740,600 

866»000 

1  P.M. 

640,600 

6  a.m. 

ApriilS,  •       . 

10  a.m. 

Taeeday, 

40.2 

682,700 

770,600 

2  P.X. 

686,600 

2AJI. 

AprU  »,  •       . 

lOAJI. 

Wedneeday, . 

ao.o 

668,600 

660,000 

12  M. 

617,600 

4  a.m. 

From  these  measurements  and  from  other  observations  of  the 
flow,  it  seems  probable  that  the  average  quantity  of  sewage  flowing 
during  the  year  is  about  350,000  gallons  per  day.  From  the  above 
table  it  will  be  seen  that  the  maximum  daily  flow  during  any  day 
when  measurements  were  made  was  740,500  gallons,  on  Monday, 
April  17,  1899,  and  that  the  minimum  daily  flow  was  185,300  gal- 
lons, on  Sunday,  July  24,  1898.  The  measurements  were  not  made 
when  the  flow  was  abnormal,  but  can  be  said  to  fairly  represent  the 
flow  at  times  of  ordinary  wet  weather  and  in  dry  weather.  The 
maximum  flow  was  about  four  times  the  minimum  flow,  and  a  little 
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less  than  twice  the  average  flow.  The  following  table  gives  the 
maximum^  minimum  and  average  daily  flow  per  inhabitant,  per  mile 
of  sewer  and  per  connection ,  computed  from  the  information  that  has 
been  obtained :  — 


Gallops  paa  Dat. 

Ifazlnnm. 

Iflnlnam. 

Average. 

Amoont  of  sewage  per  InbablUnt,       .... 
Amount  of  sewage  per  eooDeetton,      .... 
Amoimt  of  aewage  per  mile  of  aewer, 

7T 

2,040 

78,000 

19 

610 

18,400 

80 
064 

84,080 

The  character  of  the  sewage  flowing  in  different  parts  of  a  single 
day  varies  almost  directly  with  the  quantity  flowing  in  the  sewers, 
the  stronger  sewage  being  found  at  time  of  highest  flow  and  the 
weaker  at  time  of  lowest  flow.  The  character  of  the  sewage  also 
varies  with  different  seasons  of  the  year,  and  in  this  case  the  sewage 
taken  as  a  whole  is  weaker  at  times  of  highest  flow  and  stronger  at 
times  when  the  flow  of  sewage  is  smaller. 

The  following  tables  give  the  results  of  analyses  of  samples  of 
sewage  collected  at  times  when  the  measurements  of  flow  were  being 
made:  — 
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Chemieal  Examination  of  Sampla 

[Futi  par  100,000.] 
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Flow. 
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Temper- 
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Dcg.F. 
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pended.' 

1          1 
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1            1 

12 

28855 

28356 
28857 
28868 

28850 
28800 
28861 
28362 
2886S 
28864 
28865 
28306 

1S»8. 

May  81 

May  81 
May  81 
May  81 
May  81 

May  81 
May  81 

Jane   1 
Jnna  1 
June   1 
Jane  1 
Jone  1 

(11-26  AX.  and 
1      12.12  PJI. 

1.11  and  2.18  p.x. 

8.07  and  4.10  p.x. 

5.08  and   6.09  P.x. 
7.10 and  8.08 PX. 

0.12  and  lO.UPX. 

11.16  P.x.   and 
I       12.18  AM* 

1.18 and   2.14 ax. 

4.09  A  X. 

6.12  and  6.18  A.X. 
7.16 and  8.12  a.x. 
9.10andl0.02A.x. 

478,600 
474,400 
474,600 
424,400 
801,400 
861,600 
385,700 
800,200 
804,700 
811,600 
801,100 
410,400 

58.0 
62.0 
62.6 
62.2 
62.6 
61.8 
61.0 
60.6 
60.0 
60.6 
50.6 
61.6 

1 

70.00 
86.00 
86.00 
24.80 
28.60 
21.40 
15.00 
12.20 
12.00 
11.40 
24.00 
47.40 

26.50 
24.80 
20.00 
10.20 
18.00 
16.90 
18.60 
11.50 
11.20 
11.20 
14.90 
21.50 

62.60 

11.20 

16.00 

8.00 

4.70 

6.50 

2.10 

0.70 

0.80 

0.20 

0.10 

1 
25.90  , 

1 

!         i 

66.4<^  10.00    46.46 

'  2O.O0I  10.20      9.81 

1 

21.00|    8.00     18.00 

11.80    6.20  1    6.60 

lO.OOj    6.00      4.06 

0.20     4.80      4.40 

6.00     8.50      1.50 

1 
1    4.40-    8.70      0.70 

8.80     8.80      6.90 

2.80     2.80  .    0.00 

1 
11.40    8.90      7.90 

80.40     8.10  1  28.30 

1 

18 

Average  for  24  boan,. .... 

889,700 

61.4 

80.00 

18.00 

12.00  •j  17.10     6.10  ;  11.00 

!          1            j 

14 
16 
16 
17 
18 
10 
20 
21 
22 
28 
24 
26 

28040 
28050 
23061 
28852 
28058 
28054 
28655 
28956 
28067 
28858 
28077 
28078 

.ISM. 

Jaly  10 

Joly  10 
July  10 
Joly  10 
Joly  10 
Joly  19 
July  19 
Jaly  19 
Jaly  20 
Jaly  20 
Jnly  20 
Jaly  20 

0.00  and  10.00  a.x. 
11.00  and  12.00  A  Ji. 

1.00  and  2.00  PJI. 

8.00  and  4.00  p.x. 

5.00  and  6.00  px. 

7.00  and  8.00  pji. 

0.00  and  10.00  pjf . 
11.00  and  12.00  p  jc. 

1.00  and  2.00  A.x. 

8.00  and  4.00  a.x. 

6.00  and  6.00  A.X. 

7.00  and  8.00  a Ji. 

264,200 
288,400 
264,800 
280,800 
220,900 
218,900 
180,800 
176,900 
162,000 
146,800 
158,800 
236,000 

68.0 
68.2 
08.6 
68.2 
64.0 
64.0 
68.0 
68.7 
02.7 
02.0 
62.0 

«2.0 

1 

46.00 
52.20 
42.00 
46.40 
40.20 
81.60 
22.00 
27.40 
11.40 
0.40 
10.00 

1  22.60 

1 

28.40 

85.80 

20.40 

25.80 

80.80 

28.00 

17.00 

17.20 

0.80 

8.80 

9.80 

16.60 

1 

18.20  ! 
1 
16.40 

12.00 

20.60 

9.40 

1 
8.00 

6.00 

10.20 

1.00  ' 

1 
0.00 

0.80 

6.00  , 

1 

'            1 

1 

,  26.60   12.00 

20.00  15.80 

21.00^  11.00 

28.00'  11.00 

17.20     9.00 

I6.20'    9.80 

11.00     7.40 

1 
I7.6O;    9.20 

6.00     8.00 

8  00]    S.QO 

4.W    4.00 

1 
12.00     6.40 

1 

14.66 

18.00 

.  16.00 

!n.oo 
8.20 

1 

■    5.40 

3.00 

1 

1    6.46 

'    1.46 

■6.6. 
1    6.20 
'    6.60 

8.20 

26 

Average  for  24  Iwvre, 

206,600 

68.0 

82.60 

22.60 

li 

10.10   !  17.30.    9.10 

27 
28 
29 

28004 

28980 
28081 

Jaly  20 
Joly  20 
Jaly  20 

9.00  and  10.00  A.X. 

11.00  and  12.00  AX. 

1.00  and  2.00  pji. 

266,000 
286.400 
240,900 

02.7 
68.0 
68.0 

68.40 

51.00 

■  86.00 

81.80 
28.60 
26.40 

86.00 
28.00 
80.00 

47.00!  16.00    81.00 
St.20,  U.«  i  19.00 

02.21^  10.86    61.46 

1             '        - 

*  Jane  1. 


The  MBplea  were  eoDeded  from  \hm  mad  of  the  lavetted  ilpkoa  as  II 
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of  Sewage  from  Oardner. 


[ParU  per  100,000.] 


Amvovia. 

Chlorine. 

NlTBOOBN  AS 

OXTOBM  COKSCXBD. 

▲LBUMIVOm. 

SItntes. 

Kltiitot. 

Unfllterad. 

FUtered. 

Fr««. 

ToteL 

Dla- 
•olved. 

808- 

peiMled. 

S.8I0O 

0.6900 

.8800 

.2100 

4.90 

.0010 

.0000 

4.61 

1.74 

1.6S0O 

0.6600 

.2700 

.2900 

8.76 

.0010 

.0000 

4.67 

1.81 

0.S170 

0.6600 

.2800 

.2800 

8.28 

.0010 

.0000 

8.94 

1.81 

1.4900 

0.8100 

.1900 

.1200 

2.66 

.0000 

.0000 

1.76 

1.02 

S.0600 

0.4100 

.1900 

.2200 

8.78 

.0010 

.0000 

1.89 

1.28 

1.6800 

0.2600 

.1600 

.1000 

2.49 

.0010 

.0000 

1.60 

0.99 

0.8690 

0.2360 

.1000 

.1860 

2.87 

.0000 

.0000 

1.26 

0.77 

O.S960 

0.0600 

.0440 

.0160 

1.76 

.1440 

.0192 

0.86 

0.86 

0.0060 

0.0440 

.0900 

.0240 

1.60 

.1600 

.0176 

0.82 

0.81 

0.1640 

0.0440 

.0200 

.0240 

1.60 

.1800 

.0160 

0.82 

0.81 

3.6700 

0.8700 

.1700 

.2000 

2.78 

.0020 

.0000 

2.24 

1.20 

11 

8.7700 

0.6000 

.8600 

.2400 

8.29 

.0000 

.0000 

4.18 

2.10 

12 

1.4840 

0.8680 

.2010 

.1670 

2.98 

.0620 

.0040 

2.48 

1.28 

18 

8.8000 

0.8900 

.4100 

.4800 

8.81 

.0010 

.0000 

6.76 

2.69 

14 

8.6600 

0.7700 

.8900 

.8800 

4.40 

.0020 

.0000 

6.16 

8.81 

16 

S.6000 

0.6800 

.2800 

.2600 

4.98 

.0010 

.0000 

4.00 

2.84 

16 

S.6600 

0.7000 

.8000 

.4000 

4.66 

.0020 

.0000 

6.12 

8.17 

17 

S.7000 

0.4900 

.2600 

.8800 

8.89 

.0020 

.0000 

8.86 

1.89 

18 

8.8000 

0.6800 

.4100 

.1700 

4.47 

.0020 

.0000 

4.00 

2.21 

19 

l.MOO 

0.8300 

.2000 

•1800 

2.90 

.0010 

.0000 

8.12 

1.67 

20 

1.7600 

0.4800 

.2000 

.2800 

2.99 

.0020 

.0000 

8.62 

1.76 

21 

0.8200 

0.1620 

.0800 

.0790 

2.06 

.0010 

.0120 

0.80 

0.69 

22 

0.1840 

0.0760 

.0400 

.0060 

1.46 

.0610 

.0072 

0.68 

0.40 

28 

0.8780 

0.0680 

.0440 

.0240 

1.60 

.0680 

.0072 

0.70 

0.68 

24 

2.8600 

0.4300 

.9000 

.2800 

2.86 

.0010 

.0000 

8.00 

1.89 

26 

S.8800 

0.4060 

.2640 

.2420 

8.86 

.0060 

.0090 

8.64 

2.02 

26 

6.8000 

0.8900 

.4100 

.4800 

6.88 

.0000 

.0000 

6.72 

1.76 

27 

8.9000 

0.7600 

.8800 

.4200 

8.96 

.0010 

.0000 

4.84 

2.68 

28 

2.6000 

1.0100 

.8800 

.6800 

8.66 

.0010 

.0000 

6.20 

2.14 

29 

•Dtns  Um  Mttling  tanki.   BMb  tampl*  mm  mad*  ap  of  2  eqiiBl  portlooi. 
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Chemical  Examination  of  Bampki 

[Parti  par  lOO.OOO.] 


1 

n 

Bate. 

Day  of  Week. 

Rate  of 

FIuw. 

Gallons 
21  Heart. 

Temper- 
ature. 

Deg.  F. 

RSSXDVB  ON  BVArOSATIOM. 

TOTAL  BBSIDUB. 

LOaS  OH  IGVITIOS. 

Total. 

DIs- 
•olred. 

Sue-  1 
peuded., 

T^****-  Bolred.  peiHled. 

1 

28979 

1S98. 

July  19-20 

TDeB.-Wed.,      . 

806,600 

68.0 

85.00 

20.80 

14.80 

1 

18.40 

6.60 

11.10 

8 

28995 

July  20-21 

Wed.-Thora.,    . 

805,200 

63.7 

80.80 

80.00 

19.80 

88.30 

7.00 

16.» 

8 

23997 

Jaly  21-22 

Tbora.-Fii., 

217,700 

64.8 

29.20 

16.80 

18.00 

1 

17.40 

7.80 

10.» 

4 

24018 

Jnly  22-28 

Frt.-8at.,    . 

209,100 

68.6 

27.80 

80.00 

7.80 

15.60 

11.40 

4.» 

6 

24020 

Jaly  23-24 

Bat.-Ban.,  . 

108,000 

63.8 

20.40 

80.60 

8.80 

8.00 

7.60      0.40 

e 

24089 

Jaly  24-25 

8aD.»Mon.t 

185,800 

63.1 

27.20 

17.80 

9.40 

14.00 

6.00  '    8.60 

7 

24047 

Jaly  25-26 
1809. 

MoQ.-Taes., 

204,000 

64.1 

86.20 

82.60 

18.60 

81.00 

10.40 

10.61 

8 

26111 

Jad  81- 
Feb.  1. 

TaeB.-Wed.»      . 

888,600 

41.6 

28.00 

16.00 

6.00 

11.80 

8.80 

5.M 

0 

26118 

Feb.      1-2 

Wed.-Thnn.»    . 

882,700 

41.5 

23.00 

17.00 

6.00 

18.80 

7.40 

4.80 

10 

26124 

Feb.      28 

Thiirs.-Fri., 

804,800 

41.8 

18.40 

14.40 

4.00 

8.80 

5.30      8.90 

11 

26125 

Feb.     8 

Friday, 

884,600 

42.0 

87.00 

81.10 

15.90 

80.60 

8.80 

U.80 

Bach  aample  waa  oompoaed  of  24  eqnal  portiona,  eollected  boarly,  beglnnlBg  at  9  ▲.x.,  «xeepi  tbt 
aamplea  were  ooUected  from  the  end  of  the  inverted  alphoo  aa  it  entera  the  aetiling  tanks. 

To  reach  the  filtration  area  the  main  server  crosses  the  vallev  of  a 
brook  in  the  form  of  an  inverted  siphon.  This  siphon  is  a  cast- 
iron  pipe  12  inches  in  diameter  and  its  total  length  is  1,050  feet. 
The  difference  in  elevation  between  the  two  ends  of  the  siphon  is 
1.4  feet  and  the  dip  is  about  25  feet.  At  the  lowest  point  in  the 
pipe  a  gate  was  inserted  and  a  filter-bed  was  constructed  to  ret^eiTe 
the  contents  of  the  pipe  whenever  it  should  be  found  desirable  to 
flush  it  out.  This  gate  and  filter-bed,  however,  have  been  used  but 
seldom,  as  it  has  been  found  that  no  stoppages  occur  in  the  iron 
pipe.  At  times  the  flow  through  the  siphon  is  somewhat  diminished, 
but  on  such  occasions  the  sewage  backs  up  in  the  pipe  until  sufElcient 
head  is  obtained  to  remove  the  obstruction,  and  the  sewage  again 
rushes  through  the  siphon,  carrying  the  foreign  matter  with  it  to  tire 
filtration  area. 

The  filtmtion  area  comprises  19.4  acres  of  land  situated  sooth 
of  the  thickly  populated  portion  of  the  town  in  the  valley  of  Pond 
Brook.  When  the  sewage  reaches  the  filtration  area  it  is  discharged 
into  two  settling  tanks  having  a  total  capacity  of  about  10,000  gal- 
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of  Setoagefrom  Oardner. 


[ParUpw  100,000.] 


AMMOHIA. 

Chlorine. 

NiTBOaKV  Afl 

OXTOBX  COKSUMBIK 

ALBUMIirOID. 

Nitrates. 

Kitiites. 

Unmtered. 

Filtered. 

Fne. 

ToUl. 

Dis- 
solved. 

8d«- 
pcnded. 

2.2500 

.4000 

.2000 

.2600 

8.48 

.0010 

.0000 

2.56 

1.60 

2.8500 

.6000 

.2800 

.4600 

8.41 

.0010 

.0000 

5.16 

2.18 

1.9600 

.4000 

.1800 

.2200 

2.92 

.0000 

.0000 

8.52 

1.57 

2.2000 

.8700 

.1500 

.2200 

8.19 

.0000 

.0000 

2.72 

1.41 

l.TOOO 

.4000 

.1800 

.2400 

8.06 

.    .0000 

.0000 

8.04 

1.86 

1.8000 

.4000 

.2000 

.2000 

8.42 

.0010 

.0000 

2.72 

1.26 

2.0000 

.6800 

.2600 

.8200 

8.86 

.0000 

.0000 

4.40 

1.92 

1.8600 

.4700 

.8200 

.1600 

t 

2.49 

.0460 

.0120 

2.80 

1.88 

1.8000 

.3600 

.2800 

.1800 

2.26 

.0250 

.0060 

8.79 

2.47 

1.9500 

.8400 

.2800 

.0600 

2.66 

.0520 

.0140 

2.76 

2.15 

8.1000 

.9600 

.6000 

.8600 

8.90 

.0060 

.0080 

6.62 

8.50 

lael  sample,  which  consisted  of  8  equal  portions,  collected  hourly  from  9  ▲  JC.  to  4  p.m.  inclusive.    The 


Ions.  The  tanks  are  constructed  in  duplicate,  so  that  one  can  be  in 
use  while  the  other  is  being  cleaned ;  but  ordinarily  both  tanks  are 
used  at  the  same  time,  except  for  the  short  period  required  for 
cleaning.  The  time  that  the  sewage  remains  in  the  tank  varies  from 
seventeen  minutes  to  two  hours,  the  average  time  being  about  forty 
minutes  when  both  tanks  are  being  used.  The  solid  matter  which 
accumulates  in  the  tanks  is  discharged  upon  sludge  beds.  No 
screens  are  used,  but  the  settling  tanks  are  so  arranged  that  the 
floating  matter  is  kept  from  being  discharged  on  the  filter-beds  and 
is  emptied  with  the  solid  matter  upon  the  sludge  beds  when  the 
tanks  are  cleaned. 

Twenty-one  filter-beds,  exclusive  of  the  sludge  beds,  have  been 
prepared  upon  the  filtration  area,  having  a  combined  area  of  2.5 
acres.  .The  beds  vary  in  size  from  0.05  of  an  acre  to  0.21  of  an 
acre,  the  average  size  being  0.12  of  an  acre.  In  the  construction 
of  the  beds  a  large  portion  of  the  material  was  taken  from  banks  of 
sand  in  the  vicinity,  and  very  little  material  was  found  where  the 
beds  are  located.     Such  material  as  was  found  in  the  location  of  the 


628  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 

beds  was  all  disturbed  and  the  finest  material  removed.  The  beds 
are  underdrained  by  lines  of  tile  pipe  laid  about  20  feet  apart  at  a 
depth  of  5  feet  beneath  the  surface.  The  underdrains  discharge  into 
a  main  underdrain  which  carries  the  effluent  directly  to  the  brook. 
The  sewage  is  distributed  to  the  different  beds  through  pipes  and 
wooden  troughs,  and  is  applied  at  only  one  point  on  each  bed. 
Overflows  have  been  put  in  between  the  beds,  so  that  when  one  bed 
is  full  the  sewage  will  flow  to  the  next  bed. 

During  the  summer  each  of  the  beds  is  raked  at  an  interval  of 
about  two  weeks,  and  the  material  which  has  accunmiated  upon  the 
surface  of  the  beds  is  carried  away  and  composted.  Two  or  three 
times  during  the  season  the  beds  are  harrowed.  In  the  fall  the  beds 
are  ploughed  and  the  surfaces  are  left  in  furrows  so  that  the  ice  and 
snow  will  rest  upon  the  ridges,  protecting  the  sewage  in  the  hollows 
from  the  action  of  the  frost.  Examinations  made  durinor  the  coldest 
weather  in  winter  have  shown  that  tJie  filter-beds  were  entirely  free 
from  frost. 

During  the  summer,  when  the  beds  receive  considerable  attention, 
all  of  the  sewage  reaching  the  filtration  area  is  ordinarily  properly 
cared  for,  but  in  the  latter  part  of  the  winter  and  in  the  early  spring, 
when  it  is  impossible  to  rake  the  surfaces  of  the  beds  and  when  the 
quantity  of  sewage  is  large,  the  area  is  insufficient  to  care  for  the 
sewage,  and  a  considerable  portion  of  the  sewage  is  discharged 
directly  into  the  brook  without  purification. 

The  original  sludge  bed  was  situated  near  the  tank  house  and  the 
odor  arising  from  it  was  noticeable  in  the  vicinity.  New  sludge 
beds  were  subsequently  constinicted  beside  the  brook  on  the  side  of 
the  filtration  area  farthest  from  the  town  and  in  such  a  position  that 
odors  from  them  are  not  noticeable  at  any  considerable  distance. 
There  are  two  sludge  beds,  having  a  combined  area  of  0.17  of  an 
acre.  The  sludge  discharged  upon  the  beds  is  allowed  to  stand 
until  it  becomes  sufficiently  dry,  and  is  then  shovelled  into  wheel- 
barrows and  removed  from  the  beds  and  disposed  of  by  composting. 
During  wet  weather  and  in  very  cold  weather  the  disposal  of  the 
sludge  in  this  way  is  somewhat  difficult,  as  it  is  not  practicable  to 
dry  it  sufficiently  to  remove  it,  so  that  there  are  considerable  accu- 
mulations of  sludge  to  be  disposed  of  each  spring.  The  sludge  is 
removed  from  the  tanks  about  once  a  week  and  usually  contains  a 
large  quantity  of  sand  which  enters  the  sewers  at  times  of  storms. 
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In  order  to  ascertain  the  character  of  the  filtering  material  in  the 
different  beds  after  having  been  in  use  for  several  years,  analyses 
have  been  made  of  samples  of  soil  collected  at  different  depths  from 
the  centre  of  each  of  the  beds.  The  following  table  gives  the  aver- 
ages of  the  results  of  the  analyses  of  samples  from  all  of  the  beds  at 
each  depth :  — 

Analyses  of  Filtering  Malerial  at  the  Gardner  FiUer-beds. 


Depth  Bilow 
SUSFAOB  (Fbst). 


ErFBOTIVB  KIZB 
(MiLLlMBTBRt). 


I 


i 

a 

I 


i 

I 

0 

3 


Sorfaioe, 
0.26,  . 
0.60,  . 
1.00,  . 
2.60,  . 
4.00,      . 


.18 

.26 

.18 

.26 

.17 

.26 

.18 

.83 

.16 

.21 

.12 

.18 

.u 

.18 
.42 
.10 
.12 
.02 


Ukifohmitt 

COBFriCIBMT. 


i 


a 


a 

§ 


4.4 
4.2 
4.4 
4.8 
4.T 
8.0 


6.0 
6.6 
T.8 
7.4 
6.8 
24.0 


2.8 

2.8 
2.8 
2.6 
2.8 
2.6 


Albdmihoid  Ammonia 
(Pabts  pkb  100,000). 


a 

I 


g 


61.6 
48.8 
42.1 
29.7 
18.0 
16.6 


66.9 
71.0 
62.8 
64.6 
88.9 
87.7 


22.2 

81.0 

21.0 

9.8 

4.9 

6.1 


There  is  no  indication  that  the  material  of  the  filter-beds  is  becom- 
ing finer  with  continued  use. 

The  estimated  average  daily  flow  of  sewage,  as  before  stated,  is 
350,000  gallons,  and  if  all  of  the  sewage  were  purified  upon  the 
filtration  area  the  average  amount  per  acre  applied  to  the  beds  dur- 
ing the  year  would  be  140,000  gallons  per  day.  The  maximum  daily 
flow  found  was  740,500  gallons,  which  is  equivalent  to  about  300,000 
gallons  per  acre,  while  the  minimum  daily  flow  found  at  any  time  that 
measurements  were  made  was  185,300  gallons,  or  about  75,000 
gallons  per  acre. 

It  is  probable  that  the  average  quantity  of  sewage  that  the  beds 
are  purifying  is  between  100,000  and  140,000  gallons  per  acre 
per  day.  The  rate  of  filtration  is  larger  than  that  obtained  at  any 
of  the  other  filtration  areas  in  the  State,  but  the  purification  effected 
is  less  complete  than  at  some  of  the  other  filtration  areas.  There 
are  several  conditioqs  which  are  favorable  to  a  high  rate  of  filtration 
through  these  filters,  the  principal  one  of  which  is  that  practically 
all  of  the  sand  was  handled  when  the  beds  were  constructed  and 
the  fine  material  and  all  soil  and  subsoil  carefully  removed.     The 
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beds  are,  moreover,  thoroughly  underdrained,  and  their  sui faces 
receive  constant  and  careful  attention,  all  of  the  solid  matter  accu- 
mulating upon  them  being  removed  instead  of  being  ploughed  into 
the  sand.  The  sewage,  too,  is  somewhat  weaker,  especially  at  times 
of  high  flow,  than  the  sewage  applied  to  some  of  the  other  filter- 
beds,  and  much  of  the  sludge  is  removed  before  the  sewage  is  dis- 
charged upon  the  beds. 

The  temperature  of  the  sewage  is  affected  considerably  by  the 
temperature  of  the  ground  water  which  leaks  into  the  sewers  and  by 
the  method  of  distributing  the  sewage  upon  the  beds.  On  some  of 
the  coldest  days  in  winter  it  has  been  found  that  the  temperature 
of  the  sewage  as  it  flows  upon  the  beds  is  but  little  above  the  freez- 
ing point.  The  results  of  several  observatiofis  which  have  been  made 
upon  the  temperature  of  the  sewage  as  it  enters  the  settling  tanks 
are  given  in  the  tables  on  pages  622  to  626. 

The  beds  are  cared  for  by  one  man,  who  is  occasionally  assisted 
by  a  second  man,  and  a  horse  is  used  for  several  days  at  times  when 
the  beds  are  harrowed  or  ploughed.  The  cost  of  maintaining  the 
purification  works  for  the  year  1898  was  about  $1,000. 

The  approximate  character  of  the  sewage  applied  to  the  beds  and 
of  the  effluent  from  the  underdrains  is  shown  in  the  following:  table  of 
yearly  averages  of  analyses  of  monthly  samples.  The  underdrains  are 
laid  above  the  ordinary  ground- water  level,  so  that  the  samples  repre- 
sent effluent  from  the  sewage  diluted  with  but  little  ground  water. 


Yearly  Averages  of  Chemical  Examinations  of  Sewage  from  Ckurdner. 

[Parti  per  100,000.] 


BB0IDCB  OH  EVAPOBATIOV. 

AmfomA. 

1 

i 

i 

NrrBuoica 

OST00 

Co!israis- 

TOTAL  BBAIDDK. 

LOSS  OV  lOVITIOV. 

Fres. 

ALBUKINOID. 

i 

1 

: 

1 

Ji 

Dla- 
solved. 

H 

it 

si 

• 

it 

•1 

e 

f 

;  a 

t 

m 

18B8 

20.83 

19.15 

10.18 

16.90 

8.64 

8.26 

1.6707 

.4150 

.2266 

.1884 

.0074 

.0088 

1 

1888 

88.86 

20.90 

12.45 

19.01 

9.22 

9.79 

1.8767 

.4709 

.25n 

.2192 

8.44J 

.0212 

.0050 

< 

18M 

27.00 

16.87 

10.88 

14.00 

6.90 

7.70 

1.5718 

.8695 

.2020 

.1675 

2.47| 

.0208 

.0063 

3.27,  2.11 

2895 

82.25 

19.76 

12.49 

18.27 

8.56 

9.71 

1.6517 

.5607 

.2621 

.2976 

2.76 

1 

.0225 

.0100 

4.S2  s.n 

1 

1808 

87.07 

21.44 

15.63 

21.04 

9.22 

11.82 

2.6730 

.6225 

.8818 

.2907 

8.02i 

1 

.0229 

.0065 

3.94  MS 

1 

1807 

87.83 

22.17 

15.66 

20.92 

9.88 

11.59 

1.6853 

.7089 

.4662 

.2427 

8.04 

.0212 

.0096 

4.09  1.SS 

1808 

86.48 

19.67 

16.76 

90.67 

7.61 

18.03 

2.8683 

.6892 

.8178 

.8n4 

8.09 

.0120 

.0070 

4.51  a.r 

The  sewage  was  oolleeted  as  It  flowed  npon  ibe  beds. 
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Tearly  Average*  of  Chemical  Examinations  of  Effluent  from  the  Main  Under- 

drain  of  the  Gardner  FiUer-bedt. 

[Part,  par  100,000.] 


• 

Resldnt 

on 

Erapontloo. 

AMMOaXA. 

Chlorine. 

KxnooBir  A8 

Oxygen 

a  BAB. 

Ftm. 

Albnmlnold. 

Nitrates. 

Nitrites. 

<;on- 
smned. 

1882,       . 
1888, 
1884,       . 
1885, 

1886,  . 

1887,  . 

1888,  < 

17.54 
14.70 
17.08 
18.44 
17.60 
16.48 
18.82 

.5112 
.4628 
.4170 
.5030 
.7485 
.5507 
.6618 

.0651 
.0428 
.0408 
.0552 
.0767 
.0605 
.0645 

2.40 
2.06 
2.12 
2.68 
2.84 
2.61 
2.88 

.6768 
.7788 
.0867 
.7650 
.4520 
.4602 
.6128 

.0787 
.0257 
.0258 
.0118 
.0186 
.0100 
.0150 

.48 
.60 
.54 
.55 

.68 

The  Mmplee  were  eolleoted  from  the  main  anderdraln  at  the  point  where  it  dleeharges  into  Pond 
Brook. 

The  purification  effected,  as  indicated  by  these  analyses,  was  as 
follows :  — 


Table  showing  the  Amount  of  Free  and  Albuminoid  Ammonia  and  Oxygen  Con- 
turned  in  the  Gardner  Sewage  and  in  the  Effluent  from  the  FiUer-beda^ 
together  with  the  Percentage  removed  from  the  Sewage  by  Filtration. 

[Parts  per  100,000  ] 


Fna  AinroinA. 

Total  Albumisoid 

AXMOaiA. 

OZTOU  COVSDMBD. 

• 

Tbab. 

Sewafe. 

Effloent. 

Per 

Cent,  re- 

mored. 

Sewafe. 

Effloent. 

Per 

Centre- 
moved. 

Sewage. 

Effloent 

Per 
Cent,  re- 
moved. 

1  1  1  1  II  1 

1.0707 
1.8767 
1.5718 
1.6517 
2.6780 
1.6658 
2.8688 

.6112 
.4628 
.4170 
.5080 
.7485 
.5687 
.6618 

60.4 
76.8 
78.5 
60.6 
72.2 
66.8 
72.1 

.4150 
.4760 
.8605 
.5607 
.6225 
.7080 
.6802 

.0851 
.0428 
.0408 
.0552 
.0767 
.0505 
.0646 

81.5 
81.1 
88.1 
80.1 
87.7 
02.0 
00.6 

8.27 
4.88 
8.04 
4.00 
4.51 

.48 
.60 
.54 
.65 
.58 

86.8 
86.0 
86.8 
86.5 
88.2 

The  effluent  from  the  filter-beds  and  all  of  the  sewage  which  is  not 
purified  is  discharged  into  a  small  tributary  of  Otter  Biver.  The 
stream  has  a  water-shed,  at  the  point  where  the  effluent  enters  it,  of 
two  square  miles.  Above  the  filtration  area  it  flows  through  a  part 
of  the  thickly  settled  portion  of  the  town  of  Gardner.     Below  the 
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filtration  area  it  flows  through  a  generally  uninhabited  country  and 
discharges  eventually  into  Miller's  River.  Samples  of  the  water  of 
the  brook,  collected  both  above  and  below  the  point  where  the  efflu- 
ent is  discharged  into  the  stream,  have  been  analyzed  during  the 
summer  months.  The  following  table  gives  the  results  of  these 
analyses :  — 


Yearly  Averages  of  Chemical  Examinations  of  Water  from  Pond  Brook  above  and 

below  the  Gardner  FUter-beds, 

Ahov9  FiUtr-hedi. 
[PwrU  per  100,000.] 


Tbax. 


1803, 
1806, 
1806, 
1897, 
1808, 


o 
§ 


.26 
.38 
.40 
.48 
.34 


Kbsxoub  on 
evapohation. 


e 

A 


I 


16.18 
82.65 
18.88 
17.66 
17.68 


8.06 
10.20 
4.66 
6.26 
6.76 


AMKOnA. 


i 


ALBDMIVOID. 


I 


jl 


.0264 
.0276 
.0068 
.0438 
.0284 


.0266 
.0816 
.0103 
.0240 
.0288 


.0180 
.0286 
.0172 
.0188 
.0171 


.0076 
.0061 
.0021 
.0067 
.0062 


e 


8.76 
7.46 
4.18 
8.20 
4.80 


HlTKOOKV 
AS 


S 


J 

-B 


,0840 
,0060 
.0427 
.1433 
.0247 


I 


M 

o 


i 

a 


e 

e 


.0022 

1 
.60 

w«V 

- 

.0064 

.60 

11  r7 

- 

.0038 

.41 

1*0 

- 

.0080 

.42 

V*  A 

- 

.0014 

.88 

o«# 

- 

Below  Filter^hedi. 

1803,   .   . 

.28 

17.76 

6.08 

.0650 

.0197 

.0161 

.0046 

8.46 

.1860 

.0041 

.64 

6.4 

•» 

1806,   .   . 

.86 

27.02 

10.87 

.0428 

.0270 

.0281 

.0089 

6.11 

.1622 

.0069 

.70 

9.2 

- 

1806,   .   . 

.83 

18.08 

6.42 

.0883 

.0228 

.0102 

.0081 

3.66 

.1017 

.0118 

.40 

6.9 

- 

1887,   .   . 

.60 

18.68 

4.06 

.0644 

.0236 

.0180 

.0046 

8.66 

.0893 

.0028 

.38 

7.2 

- 

1808,   .   . 

.20 

17.06 

6.07 

.0698 

1 

.0108 

.0161 

.0087 

4.88 

.1350 

.0012 

.20 

6.0 

- 

Each  of  th«  aoAlyaet  la  Uie  a^arafa  of  the  analyaea  of  Uiree  aamplea  ooUaetcd  ia  July,  Aogoal  aad 
Beptambar. 

Leicester. 

Estimated  population  in  1898,  3,310. 

The  town  is  located  within  the  water-sheds  of  the  French  and 
Blackstone  rivers,  the  principal  part  of  the  thickly  settled  section 
of  the  town  draining  naturally  toward  the  head  waters  of  French 
River. 

A  water  supply  was  introduced  into  the  Leicester  water  sapply 
district,  which  comprises  the  thickly  built  up  portion  of  the  town, 
in  1891,  but  no  records  are  available  of  the  amount  of  water  used. 

The  sewerage  system  was  constructed  in  1894.     The  sewage  iB 
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collected  in  a  system  of  pipe  sewers  and  conveyed  by  gravity  to  a 
filtration  area  located  about  half  a  mile  south-west  of  the  centre  of 
the  village,  where  it  passes  through  a  settling  tank  and  is  discharged 
either  on  filter-beds  or  into  trenches  on  the  slope  of  a  hill.  The 
system  is  designed  to  take  house  sewage  only,  and  all  surface  and 
ground  water  is  excluded  from  the  sewers  as  far  as  practicable,  and 
underdrains  have  been  laid  beneath  many  of  the  sewers. 

At  the  end  of  the  year  1898  there  were  2.14  miles  of  sewers  in 
use  and  1.64  miles  of  underdrains  had  been  constructed.  The  total 
number  of  connections  at  the  end  of  the  year  1898  was  73,  which 
may  be  roughly  classified  as  follows :  — 

Dwelling-houses, 66 

Tenement-houses, 7 

Factories, 5 

Public  buildings, 4 

Stables, .  1 

Total  connections 73 

No  records  are  kept  of  the  amount  of  sewage  flowing  in  the  sewers. 
On  Aug.  16  and  17,  1898,  the  flow  was  measured  for  twenty-four 
hours  by  the  engineers  of  the  Board,  and  it  was  found  that  the  flow 
for  that  period  was  13,600  gallons.  The  maximum  flow  for  any  one 
hour  was  at  the  rate  of  29,400  gallons  in  twenty- four  hours,  at  11 
A.M. ,  and  the  minimum  flow  was  at  the  rate  of  3,900  gallons,  at  3  a.m. 

The  flow  does  not  appear  to  vary  much  with  difi*erent  seasons  of 
the  year,  as  the  system  is  so  thoroughly  underdrained  that  it  re- 
ceives very  little  ground  water.  The  flow  of  13,600  gallons  per 
day,  which  was  found  in  August,  1898,  is  equivalent  to  4  gallons 
per  capita,  186  gallons  per  connection,  and  6,350  gallons  per  mile 
of  sewers. 

The  filtration  area  is  situated  about  1,400  feet  south  of  the  main 
street,  the  area  owned  by  the  town  comprising  8.7  acres.  The 
sewage  is  received  at  the  filtration  area  in  masonry  settling  tanks 
built  in  duplicate,  having  a  combined  capacity  of  12,000  gallons. 
The  sewage  is  usually  allowed  to  flow  into  both  tanks  at  the  same 
time,  and  with  the  average  flow  the  sewage  would  remain  in  the  tank 
nearly  twenty-four  hours.  The  solid  matter  which  accumulates  in 
the  bottom  of  these  tanks  is  removed  about  once  a  month  and  dis- 
charged on  a  small  sludge  bed,  where  it  is  allowed  to  dry  until  it 
can  be  removed  and  composted. 
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From  the  settling  tanks  the  sewage  flows  either  to  the  prepared 
filter-beds  or  to  the  trenches.  There  are  seven  filter-beds  having  a 
combined  area  of  0.35  of  an  acre,  or  an  average  area  of  0.05  of  an 
acre. 

The  material  composing  the  knoll,  or  ridge,  on  which  the  filter- 
beds  are  built  was  examined  before  the  works  were  constructed,  and 
appeared  to  be  a  fine  compact  soil  containing  many  stones,  some  of 
which  were  partially  disintegrated.  The  material  was  closely  packed 
together  and  it  appeared  probable  that  little  or  no  sewage  would  pass 
through  it  in  its  natural  state.  At  one  place  there  was  a  deposit  of 
coarse  gravel  extending  across  the  present  location  of  the  filter-beds 
which  contained  excellent  material  for  sewage  filtration,  but  the  de- 
posit was  only  about  20  feet  long  and  2  feet  wide,  and  did  not  extend 
to  a  depth  of  more  than  about  1]^  feet,  so  that  the  quantity  of  this 
material  available  was  very  small. 

No  favorable  soil  for  the  p.urification  of  sewage  could  be  found  in 
other  parts  of  the  valley  upon  which  the  sewage  could  be  delivered 
by  gravity,  and  i;he  land  selected  was  the  best  that  it  was  practicable 
to  secure  for  the  purpose.  Samples  of  the  material  taken  from  test 
pits  had  an  effective  size  ranging  from  0.063  to  O.llO  millimeter, 
with  the  exception  of  the  gravel  stratum  referred  to,  which  had  an 
effective  size  of  about  0.27  millimeter.  The  uniformity  coefficient 
is  large  on  account  of  the  number  of  large  stones  in  the  material. 
In  constructing  a  portion  of  the  filter-beds  the  material  was  thor- 
oughly loosened,  while  in  others  it  was  not  disturbed  except  by  the 
laying  of  the  underdrains.  The  underdrains  were  laid  about  8  feet 
apart  and  5^  feet  below  the  surface  in  most  of  the  beds.  In  some  of 
the  beds  the  material  was  not  all  loosened,  but  in  two  of  the  beds 
which  were  first  constructed  the  underdrains  were  laid  at  a  some- 
what less  depth  beneath  the  surface. 

A  part  of  the  sewage  is  applied  to  two  trenches,  one  of  which  is 
situated  on  the  slope  of  the  hill  west  of  the  filtration  area  and  has  a 
length  of  600  to  800  feet.  This  trench  is  1^  feet  wide  and  about  1 
foot  deep.  The  soil  in  which  the  trench  is  dug  is  about  the  same  as 
the  soil  of  the  filtration  area.  Another  trench,  having  a  total  length 
of  about  800  feet,  has  recently  been  constructed  around  the  summit 
of  a  knoll  at  the  southerly  side  of  the  filtration  area.  This  trench  is 
constructed  in  a  manner  similar  to  the  one  west  of  the  filtration  area, 
but  the  soil  is  said  to  be  somewhat  coarser.  Sewage  has  been 
applied  continuously  to  the  trench  west  of  the  filter-beds  for  a  period 
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of  several  months  and  disposed  of  without  difficulty.  On  one  of  the 
coldest  days  during  the  winter  of  1898-99  it  was  found  that  all  of 
the  sewage  was  being  discharged  into  this  trench  and  the  sewage  had 
entirely  disappeared  before  reaching  the  lower  end  of  the  trench. 
The  surface  of  the  sewage  in  the  trench  was  covered  with  ice  and 
snow,  but  the  bottom  of  the  trench  was  free  from  frost.  At  this 
time  the  temperature  of  the  sewage  as  it  was  discharged  into  the 
trench  was  36.5°  F.,  while  the  temperature  of  the  water  of  the  pub- 
lic water  supply  was  35°  F. 

Analyses  of  samples  of  sewage  and  the  effluent  from  the  filter- 
beds  have  been  made  frequently  during  the  past  two  years,  the 
average  results  of  which  are  given  in  the  following  tables :  — 

Yearly  Averages  of  Chemical  Examinaiions  of  Sewage  from  Leicester. 

[PBrU  per  100,000.] 


RBSIDDB  OS  ETAPOBATIOy. 

AVMOBIA. 

• 

6.60 
6.18 

NiTBOOBN 
AS 

OXTGKV 
COBtUMBD. 

TOTAL  BB8IDDB. 

Loae  ov  lomTioir. 

1 

ALBinilNOID. 

1 

1    E 

1 

1 

» 

a"? 

ji 

it 

i 

& 

i\ 

•1 

-1 

1 

1807 
1808 

84.02 
77.30 

70.86 
00.80 

18.17 
8.00 

40.04 
48.17 

S9.T8 

9.01 
6.28 

2.8116  0.8418  0.4966  0.8468 

8.6642  0.8883  0.6400  0.8483 

1 

.0018 
.0006 

.0028 
.0006 

28.14 
24.80 

10.66 
90.66 

The  eewage  was  eoUected  m  11  eDtored  Uia  Mttllng  tank. 


Yearly  Averages  of  Chemical  Examinations  of  Effluent  from  the  Main  Underdrain 

of  the  Leicester  FiUer-beds. 

[PBrtB  per  100,000.] 


rb8idub  ob 
Evapobatiob. 

Ammobia. 

1 

NITBOQBB  AB 

Oxygen 
Consumed. 

• 

8 

Tbab. 

TotaL 

Lneson 
Ignition. 

Free. 

Albuminoid. 

Nitrates. 

Nitrttes. 

1 

1807,  •       . 

1808,  . 

47.86 
48.10 

- 

1.6476 
1.1468 

.2861 
.0841 

6.46 
6.82 

0.0447 
1.1783 

.0194 
.0187 

8.88 
8.80 

11.6 
10.1 

.6708 
.1680 

The  eamplee  were  colJeeted  from  the  nndenlrain  at  the  point  where  It  dleehargee  into  the  hrook. 

The  purification  eflfected  by  the  filter-beds,  as  indicated  by  the  per- 
centage of  removal  of  free  and  albuminoid  ammonia  and  oxygen 
consumed,  b  shown  in  the  following  table.  As  the  underdrains 
receive  very  little  ground  water,  the  samples  collected  from  them 
represent  the  sewage  effluent,  diluted  with  but  little  ground  waten 
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Table  showing  the  Amount  of  Free  and  Albuminoid  Ammonia  and  Oxt/gen  Con- 
sumed i7i  the  Leicester  Sewage  and  in  the  Effluent  from  the  FiUer-beds^  together 
with  the  Percentage  removed  from  the  Sewage  by  Filtration. 

[Parts  per  100,000.] 


FrBB  AMXONIiL. 

Total  Albumiitoid 

AXMOBIA. 

OXTOKH  OOVSCICBD. 

Tbae. 

Sewage. 

Effluent. 

Per 

Cent  le- 
moved. 

SewBffe. 

Efflaent 

Per 
Centre- 
moved. 

Sewage. 

per 

Effloent '  Grnt  re- 
no'ved. 

1897,  .        .        . 
1808»  .       • 

2.8116 
8.6812 

1.M76 
1.1468 

41.4 

67.9 

.8418 
.8888 

.2861 
.0841 

72.1 
90.4 

n.i4 

24.80 

8.88 
8.80 

08.8 
81.4 

Marlborough. 

Estimated  population  in  1898,  15,680. 

The  city  of  Marlborough  is  situated  within  the  water-sheds  of  the 
Sudbury  and  Assabet  rivers,  the  principal  part  of  the  thickly  settled 
portion  of  the  town  being  within  the  water-shed  of  the  former  stream 
above  the  point  where  water  is  taken  for  the  supply  of  the  Metro- 
politan District. 

The  principal  industry  is  the  manufacture  of  shoes,  and  there  are 
several  large  factories  of  this  kind  in  the  city.  A  water  supply  was 
introduced  in  1883  and  water  from  the  public  works  is  now  very 
generally  used.  The  average  daily  consumption  of  water  during  the 
year  1898  was  537,000  gallons,  or  34  gallons  per  capita. 

The  sewerage  system  was  constructed  in  1891  and  was  designed 
to  take  house  sewage  only.  The  sewage  is  collected  in  a  system  of 
pipe  sewers  and  conveyed  by  gravity  through  a  main  pipe  sewer 
about  3^  miles  in  length  to  settling  tanks  and  filter-beds  located 
within  the  water-shed  of  the  Assabet  River,  which  is  not  used  as  a 
direct  source  of  public  water  supply.  When  the  sewers  were  con- 
structed considerable  ground  water  was  encountered,  and  there  is  a 
large  amount  of  leakage  into  the  sewers.  No  underdrains  were  laid 
beneath  the  sewers  of  this  system. 

At  the  end  of  1898  there  were  22.14  miles  of  sewers  in  use  and 
1,394  connections  had  been  made  with  the  sewers. 

There  are  no  large  quantities  of  manufacturing  wastes  and  the 
sewage  consists  almost  entirely  of  house  sewage  diluted  with  ground 
or  surface  water.  No  records  of  the  flow  of  sewage  are  kept  by  the 
city,  but  several  measurements  have  been  made  by  the  Board  to 
determine  the  flow,  and  in  November,  1898,  weirs  were  constructed 
in  the  settling  tanks  by  the  Metropolitan  Water  Board  and  automatic 
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recording  gauges  set  up  to  record  the  height  of  water  on  the  weirs. 
These  measurements  have  been  continued  up  to  the  present  time, 
and  a  summary  of  the  results  which  have  been  obtained  is  given  in 


the  following  table :  — 


FUm  of  Sewage  at  Marlbaraugh  frwn  Becorda  obtained  by  the  Metropolitan  Water 

Board. 


ATeran 
Daily  Flow 
(Gallons). 

Maximum  Daily  Flow. 

Minimum  Daily  Flow. 

MOITTH. 

Day  of 

Month. 

Quantity 
(GallonB). 

Day  of 

Month. 

QuJintity 
((tallons). 

Ang., 

1»8,* 

1,202,000 

26 

1,688,000 

10 

006,900 

Noy.t 

18W.t 

1,646,000 

20 

2,880,000 

17 

1,270,000 

DCO»y 

lS98.t 

1,4W,000 

6 

2,692,000 

21 

966,000 

Jan^ 

1899,.        . 

1,441,000 

7 

2,147,000 

81 

1,081,000 

Fttb^ 

1899,. 

930,000 

27 

1,871,000 

17 

660,000 

March 

,  1899, . 

1,896,000 

20 

2,618,000 

4 

986,000 

April, 

1899,. 

1,617,000 

9 

2,644,000 

80 

920.000 

Maj. 

1899.J        . 

577,000 

6 

898,000 

80 

428,000 

JaiM« 

1889».        . 

400,000 

16 

688,000 

18 

880,000 

Joiy. 

1899,. 

806,000 

13 

661,000 

80 

248,000 

Aug., 

18W.II        , 

887,000 

28 

898,000 

27 

881,000 

BepU, 

1890.ir 

881,000 

6 

648,000 

16 

284,000 

*  Bight  days  only. 
I  Four  daya  omitted. 


t  November  16-80  InelntiTe. 
II  Five  days  omitted. 


X  Biz  days  omitted. 
T  Twelve  days  omitted. 


From  this  table  it  will  be  seen  that  the  quantity  of  sewage 
varies  between  very  wide  limits,  the  maximum  recorded  for  any  one 
day  being  2,613,000  gallons  on  Wednesday,  March  29, 1899,  and  the 
minimum,  243,000  gallons  on  Sunday,  Aug.  27,  1899,  about  one- 
eleventh  the  maximum  flow.  The  average  amount  of  sewage  flowing 
for  the  period  from  Nov.  16,  1898,  to  Sept.  28,  1899,  as  indicated 
by  these  records,  was  1,009,000  gallons  per  day.  The  maximum 
rate  of  flow  during  the  period  covered  by  the  measurements  occurred 
from  4  to  5  p.m.  March  12,  1899,  when  the  flow  was  at  the  rate  of 
3,116,000  gallons  per  day.  The  minimum  rate  occurred  between  4 
A.M.  and  8  a.m.  Aug.  31,  1899,  when  the  flow  was  at  the  rate  of 
122,000  gallons  per  day.  A  storm  quickly  increases  the  flow  of 
sewage,  which  indicates  that  a  large  amount  of  surface  water  enters 
the  sewers.  The  following  table  gives  the  average,  maximum  and 
minimum  quantity  of  sewage  per  day  for  each  inhabitant,  each  con- 
nection and  each  mile  of  sewers :  — 
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Average 
(Gallons  per 

DtLj). 


MlnfmsB 

(Qalionsp« 

iMy). 


ToUlflow, 

Flow  per  Inhabitftnt,      • 
Flow  per  eonneotion. 
Flow  per  mile  of  Mwere, 


1,000,000 

64 

724 

46,000 


8,618,000 

167 

1,874 

118,022 


248/100 
li     • 

174 
11,008 


The  filtratioD  area  is  situated  about  3  miles  east  of  the  city,  within 
the  water-shed  of  the  Assabet  River  and  outside  the  water-shed  of 
the  sources  of  water  supply  of  the  Metropolitan  District.  The  area 
owned  by  the  town  comprises  49.4  acres. 

The  sewage  is  discharged  at  the  filtration  area  into  settling  tanks 
built  in  duplicate,  the  combined  capacity  being  16,000  gallons. 
With  the  average  flow  the  sewage  may  remain  in  the  tanks,  when 
both  are  in  use,  for  twenty  minutes,  but  at  times  of  maximum  flow 
the  sewage  passes  through  the  tanks  in  about  nine  minutes.  At 
times  of  minimum  flow  it  may  remain  in  the  tank  about  eighty 
minutes.  The  material  which  accumulates  in  the  settling  tanks  is 
ordinarily  removed  about  once  in  two  weeks,  being  discharged  upon 
special  sludge  beds  prepared  for  the  purpose,  where  it  is  allowed  to 
dry  and  is  then  raked  up  and  shovelled  into  carts  and  carried  away. 
This  material  is  used  by  the  farmers  in  the  vicinity  as  a  fertilizer. 
The  sludge,  when  it  is  discharged  upon  the  beds,  is  very  foul-smell* 
ing,  and  its  odor  is  noticeable  for  a  considerable  distance  from  the 
beds.  The  sewage  in  the  tank  passes  upward  through  horizonUl 
screens  having  a  one-inch  mesh  before  it  is  discharged  into  the 
carriers  lending  to  the  filter-beds. 

On  the  filtration  area  26  beds  have  been  prepared  to  receive 
sewage  and  sludge.  Six  beds,  having  a  combined  area  of  0.72 
acres,  receive  the  sludge  only,  while  the  remaining  20  beds,  having 
a  combined  area  of  11.02  acres,  receive  only  sewage.  The  avenge 
area  of  the  sewage  beds  is  0.55  of  an  acre. 

The  beds  were  prepared  by  the  removal  of  nearly  all  of  the  loam, 
but  all  of  the  subsoil,  and  in  some  cases  a  small  amount  of  the  loam, 
were  left  in  place.  The  material  found  in  the  beds  was  disturbed 
only  as  much  as  was  necessary  to  level  the  beds  and  construct  under- 
drains.  The  beds  were  originally  underdrained  by  lines  of  pipes 
about  50  feet  apart,  at  a  depth  of  from  5  to  8  feet  beneath  the  sur- 
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face.  These  underdrains  receive  a  large  amount  of  ground  water, 
and  it  was  found  that  their  capacity  was  insufficient  to  remove  both 
ground  water  and  effluent,  and  recently  an  additional  system  of 
larger  underdrains  has  been  put  in.  The  material  of  which  the 
beds  are  composed  is  quite  uniform.  The  averages  of  the  results 
of  examinations  of  sand  collected  from  various  beds  at  different 
depths  are  given  in  the  following  table :  — 


Depth 

bsviath  8usfacb 

(Fjubt). 


BarfM*, 
0.25,  . 
O.M,  . 
l.OQ,  . 
2.00,  • 
4.00,      . 


EFFKCnVB  SlZB 
(MlLUMBTBtS). 


i 


a 
I 


I 

9 


.14 

.16 

.15 

.19 

•    <            •                • 

.15 

.19 

,14 

.18 

.14 

.17 

.14 

.16 

.12 
.12 
.12 
.00 
.11 
.18 


UXUrOKMITT  COIFriCIBHT. 


2.0 
2.9 
8.1 
2.6 
2.6 
2.5 


5.8 
6.8 
10.2 
8.0 
8.0 
2.5 


s 


2.8 

2.2 
2.8 
2.0 
1.0 
2.8 


Albumivoid  Ammohia 
(Pabtb  pbb  100,000). 


i 

^ 

< 


55.5 
88.0 
21.0 
10.8 
8.9 
7.2 


i 


i 


105.7 
88.5 
51.1 
29.2 
27.8 
12.5 


20.2 
14.6 
6.9 
5.2 
8.8 
2.1 


The  sewage  is  discharged  on  the  beds  near  the  corners.  The 
method  of  applying  sewage  has  been  to  turn  all  of  the  sewage  on 
one,  two  or  three  beds,  according  to  the  quantity  flowing,  and  in 
dry  weather  the  sewage  is  not  turned  off  of  these  beds  until  twenty- 
four  hours  later,  so  that  the  entire  flow  of  sewage  for  twenty-four 
hours  is  discharged  upon  from  one  to  three  of  the  beds.  In  wet 
weather,  when  the  flow  of  sewage  is  very  large,  the  day  flow  of 
sewage  is  discharged  upon  the  beds,  but  at  night  it  appears  that  the 
gates  are  shut  and  all  of  the  sewage  flowing  is  discharged  directly 
into  the  brook  without  purification.  When  the  sewage  is  turned 
off  from  the  lieds  the  depth  of  sewage  on  the  filters  is  from  12  inches 
to  18  inches.  During  the  summer,  when  the  beds  are' in  good  con- 
dition, the  sewage  disappears  from  the  surface  in  from  twelve  to 
thirty-six  hours,  the  length  of  time  varying  in  different  beds.  In 
the  winter  the  sewage  frequently  stands  upon  the  beds  for  a  week 
before  it  disappears. 

Sewage  is  applied  to  the  beds  in  rotation  as  far  as  possible,  and 
once  in  about  five  weeks  the  surface  of  each  of  the  beds  is  raked 
and  harrowed,  and  allowed  to  rest  for  a  time.     All  of  the  weeds  and 
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solid  matter  which  accumulate  on  the  surfaces  of  the  beds  are  raked 
up  and  removed  from  the  beds  before  the  surfaces  are  harrowed.  In 
the  fall  the  beds  are  ploughed  and  the  surfaces  are  left  in  ridges  and 
furrows,  so  that  ice  forming  upon  the  beds  rests  upon  the  ridges  and 
protects  the  sand  from  freezing.  The  surfaces  of  the  beds  receive  no 
attention  whatever  during  the  winter.  In  the  spring  the  surfaces  are 
raked  and  then  the  beds  are  ploughed,  harrowed  and  graded  and  left 
level  during  the  summer.  No  attempt  has  been  made  at  Marlborough 
to  raise  any  crops  upon  the  beds. 

By  the  method  of  operating  the  beds  which  has  been  adopted  the 
filters  are  much  overworked  at  all  times  and  especially  so  at  times 
of  wet  weather  and  during  the  winter  months,  so  that  the  sewage 
passes  through  the  filters  with  difficulty  and  the  purification  is  not 
as  complete  as  it  would  be  if  the  beds  had  an  opx>ortunity  to  rest  at 
mora  frequent  intervals.  When  the  sewage  remains  on  the  surface 
of  the  beds  for  a  long  period  there  is  no  opportunity  for  the  air  to 
get  into  the  sand  of  the  filter  and  complete  nitrification  is  impossible. 

A  record  is  kept  of  the  beds  which  receive  sewage  each  day  and 
the  time  when  the  sewage  is  applied  and  turned  off.  The  depth  of 
sewage  on  the  beds  is  also  recorded,  and  from  these  observations  an 
estimate  has  been  made  of  the  quantity  of  sewage  which  each  bed 
has  received  during  the  year  1^98.  This  estimate  is  necessarily 
very  rough  but  serves  to  give  an  approximate  idea  of  the  quantity 
of  sewage  purified  by  the  filters  at  Marlborough. 

Approximate  Quantity  of  Sewage  Purifled  by  the  Marlborough  Filter-beds  dttring 

the  Tear  1898. 


innCBBR  OF  BbD. 


AriMiofB«d 
(Acict). 


AveniffeDsQy 
QoantItT  of 

Sewage  AppUed 
(Galkma). 


DaUy 

Qaaotftyof 

S«wac«  Appllei 

ptT  Aotv 

(UiftllaiM). 


T 

8» 

• 

10. 

IV 

«,• 

M. 


_. 


.SI 
.82 
.72 
.M 
.41 
.M 
.80 


20,000 
84,000 
80,000 
88,000 
8,000 
7,000 
84,000 


•8,008 
107,008 
124,088 
108,088 
11,008 
18,088 
108,088 


*  lo  QM  for  two  montika  only* 
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AppraximcUe  QuantUy  of  Sewtzge  Purified  by  the  Marlborough  Filter-beds  during 

the  Year  i^^^— Concluded. 


BmnxB  OF  Bbd. 


Area  of  Bod 
(Acres). 


Arerage  Dally 
Qoantlty  of 

Sew«g«  Applied 
(Oallona). 


ATerage  Dally 
Quantity  of 

Sewage  Applied 

per  Acre 

(Oallona). 


14,  .  . 

16,  .  . 

17,  .  . 
1»,  .  . 
»,  .  . 
21,  .  . 

M.  .  . 

28,  .  . 

24,  .  . 

26,  .  . 

26,  . 

ATerag*, 


.72 
.64 
.68 

.n 

.80 
.88 
■M 
.76 
.80 
.72 
.61 


.61 


66,000 
42,000 
48,000 
81,000 
76,000 
62,000 
86,000 
102,000 
40,000 
64,000 
46,000 


66,000 


91,000 

78,000 

89,000 

128,000 

96,000 

70,000 

180,000 

186,000 

67,000 

76,000 

76,000 


88,000 


The  filter-beds  appear  to  be  capable  of  caring  for  all  the  sewage 
except  at  times  when  the  flow  is  increased  by  an  excessive  quantity 
of  storm  water,  and  even  in  the  very  coldest  weather  the  present 
beds  are  capable  of  receiving  and  passing  all  of  the  sewage  of  the 
city.  An  examination  of  the  beds  in  February,  1899,  at  the  end  of 
a  period  of  several  weeks  of  very  cold  weather,  when  little  or  no 
rain  or  melting  snow  was  flowing  into  the  sewers,  showed  that  the 
filter-beds  were  filtering  all  of  the  sewage  coming  from  the  town. 
The  temperature  records  for  towns  in  the  neighborhood  for  several 
days  at  the  end  of  the  period  referred  to  above  show  that  the  maxi- 
mum temperature  recorded  in  the  daytime  for  many  successive  days 
was  not  above  freezing,  while  the  minimum  was  — 8^  F. 

Several  series  of  analyses  have  been  made  of  samples  of  sewage 
collected  from  the  end  of  the  main  sewer  at  times  when  measure- 
ments of  the  flow  were  being  made.  The  results  of  these  examina- 
tions are  given  in  the  following  tables :  — 
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CKemAxri  £!mmt*iattM  ^ 


[Puta  par  100,000.] 


^^■" 

Rate  of 
Plow. 

Temper- 

RaaiDus  ov  Bvapoeatiov. 

1 

Date. 

Hoar. 

Qalloni 

atare. 

TOTAL  iiteiDun. 

Loea  on  loamov. 

H 

per 

Deg.F. 

TotaL 

Die- 

Roe- 

fn^^A  1 

Dia- 

8nB- 

» 

84  Hoars. 

■olred.  pended. 

Total. 

solved. 

pendid. 

IMS. 

SS4S6 

Jone   7 

8.00  and  4.00  p.m. 

1,050,660 

54 

51.80 

88.80 

18.90 

96.40 

11.40 

U.60 

S84W 

Jane  7 

5.00  and  6.00  pm. 

1,187.000 

54 

55.00 

80.70 

94.80 

81.40 

11.96 

10.85 

88487 

Jone  7 

7.00  and  8.00  pm 

988,150 

58 

86.60 

86.70 

9.90 

16.00 

8.40 

7.61 

88488 

June  7 

9.00  and  10.00  p.m. 

009,750 

58 

87.40 

89.50 

7.90 

14.80 

T.10 

T.M 

88488 

Jane  7 

11.00  and  18.00  pji. 

845,985 

68 

88.40 

84.80 

7.60 

18.00 

6.50 

6.5I 

88440 

Jane   8 

1.00  and  8.00  a.m. 

808,000 

86.80 

81.10 

6.10 

9.00 

6.00 

8.46 

88441 

Jane  8 

8.00  and  4.00  a.m. 

715,785 

81.60 

90.10 

1.50 

6.00 

4.50 

l.M 

88448 

Jane  8 

5.00  and  6.00  a.m. 

600,785 

80.40   18.70 

1.70 

5.80 

4.10 

1.10 

88468 

Jane  8 

7.00  and  8.00  a.m. 

764,000 

19.70  19.70 

0.00 

5.70 

5.60 

0.10 

10 

884M 

June  8 

0.00  and  10.00  a.m. 

984,975 

88.60  81.40 

7.90 

lO.OO 

4.10 

5.M 

11 

88460 

Jane  8 

11.00  and  18.00  a.m. 

1,018,650 

58 

50.00 

48.60 

16.40 

81.80 

8.10 

13.TI 

18 

88461 

Jane  8 

1.00  and  8.00  pji. 

984,850 

54 

48.80  88.80 

14.40 

81.40 

9.60 

U.8I 

U 

A.V.. 

897,700 

58 

87.78 

87.18 

10.60 

16.81 

7.50 

8.61 

ISSS. 

14 

8488T 

Ang.  0 

4.00  and  6.00  p.m. 

740,900 

• 

84.40 

87.00 

47.40 

51.80 

16.40 

17.46 

U 

84888 

Aag.  0 

6.00  and  7.00  p.m. 

669.700 

- 

88.00  81.00 

57.00 

47.80 

11.80 

16.00 

16 

84880 

Aag.  0 

8.00  and  0.00  p.m. 

676,450 

i> 

49.00^  38.80 
88.80  88.40 

15.80 

88.60 

10.10 

18.41 

IT 

84840 

Ang.  0 

10.00  and  U. 00  P.M. 

615,800 

• 

0.80 

17.40 

6.80 

8.61 

18 

84841 

Aug.  10 

13.00  and   1.00  a.m. 

558,300 

.. 

81.00  83.80 

7.80 

11.90 

5.80 

5.65 

!• 

84848 

Aug.  10 

8.00  and  8.00  a.m. 

487,550 

• 

88.801  90.60 

8.80 

5.40 

1.40 

8.60 

M 

84848 

Aag.  10 

4.00  and  5.00  a.m. 

471,500 

« 

88.80,  80.80 

8.60 

T.60 

6.80 

1.00 

tl 

84844 

Aag  10 

6.00  and  7.00  a.m. 

478,560 

« 

81.60;  81.00 

0.60 

5.90 

;    5.10 

0.65 

» 

84846 

Aag.  10 

8.00  and  9.00  a.m. 

545,500 

- 

i  88.80  90.90 

3.00 

5.60 

5.10 

0.41 

S8 

84846 

Aag.  10 

10.00  and  11.00  A.M. 

670,000 

65 

418.00  84.60 

|378.40  ! 

379.00  11.00 

888.60 

U 

84847 

Aug.  10 

13.00  and  1.00  p.m. 

606.400 

65 

:  87.80  48.80 

89.00 

45.80   19.40 
80.80     8.00 

85.41 

15 

84848 

Aag.  10 

8.00  and  8.00  pm. 

616.650 

06 

60.80  88.90 

87.00 

ss.n 

M 

Av«.. 

606,900 

- 

'  85.90'  80.00 

55.90 

M.OO     tt  ■a 

49.M 

1 

1 

1 

The  aamplee  were  coUeoted  from  the  main  eewer  whet*  U  dleehaifm  tale  Iht 


Chemical  SxanmuUim  <f 


[Parte  per  100,000.] 


Bate  of 
Flow. 

Temper- 

Bnsmon  on  ] 

BTAPOBATMHr. 

. 

. 

1 

Date. 

Qaiiooe 

atnie. 

TOTAL  BBcmm. 

Loei 

1  o«  tam» 

lOB. 

1             "*"■ 

s 

nfMin. 

D«.r. 

1 

>   TMaL 

Dle- 
aolred. 

pended. 

j    TMnL 

e^M. 

p££i 

14414 

Ang.  88-14 

1,588,000 

61.4 

».60 

n.io 

7.80 

f 
1 

'    10.40 

5.10 

5JI 

14416 

Anc  14  15 

1,568,800 

61.5 

16.90 

S.18 

4.70 

1.10 

4.50 

8.16 

14457     Ang  88.86 

Mf^%^f^8Wr 

80.8 

9.10 

18.18 

6.50 

8.08 

4.00 

4.65 

84468    Aag.  18-17 

1,865.000 

00.7 

'    9.40 

18.00 

6.50 

•    10.80 

5.10 

5J5 

14468  '  Ang.  17-88 

1,154,900 

50.8 

■    80.T0 

88.60 

7.10 

10.00 

4.00 

6.65 

84464  !  Ang.  88» 

1.000,100 

56.7      ' 

17.80 

81.80 

5.10 

8.90 

5.9 

8-10 

144n  I  Ang.  »•«)     l.on.400 

"••  1 

17.10 

1 

16.10 

10.10 

15.5S 

T.N 

6.40 

Thei 
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Sewage  fnm  Martborough. 


[Put*  pw  100,000.] 


AlCMOnA. 

MITHOOBV  AS 

OXTQBV  COVtUMSO. 

ALBUMmOID. 

Cblorlne. 

NItntet. 

XntrltM. 

UmUtMned. 

FflteNd. 

VlM< 

TotaL 

•ohrsd. 

paiided. 

S.SMO 

.6600 

.2400 

.8200 

6.16 

.0020 

.0000 

6.81 

2.48 

S.MOO 

.7000 

.2600 

.4600 

6.28 

.0020 

.0000 

6.06 

2.60 

l.MOO 

.4800 

.1800 

.2400 

4.46 

.0010 

.0000 

8.90 

2.01 

1.8000 

.8600 

.1400 

.2200 

7.10 

.0120 

.0620 

2.89 

1.74 

1.7800 

.8100 

.1600 

.1600 

4.01 

.0020 

.0000 

2.40 

1.44 

1.8A00 

.9000 

.1100 

.0000 

8.76 

.0000 

.0940 

1.60 

0.86 

0.6480 

.1000 

.0690 

.0480 

8.21 

.1860 

.0980 

0.90 

0.68 

0.1800 

.0400 

.0200 

.0900 

2.00 

.8170 

.0980 

0.88 

0.28 

0.1600 

.0880 

.0200 

.0080 

8.18 

.2700 

.0180 

0.88 

0.82 

S.2W0 

.8600 

.1600 

.1000 

4.10 

.0010 

.0000 

1.78 

1.06 

6.8000 

.7100 

.8200 

.8000 

14.86 

.0080 

.0000 

4.77 

2.82 

8.4700 

.8100 

.8600 

.4600 

6.80 

.0080 

.0000 

8.68 

2.16 

12 

8.1180 

.4160 

.1800 

.2860 

6.69 

.0610 

.0110 

8.09 

1.01 

18 

8.6000 

1.8600 

.8900 

1.0800 

7.86 

.0000 

.0000 

6.00 

2.68 

14 

8.1000 

1.6600 

.8100 

1.2400 

6.16 

.0000 

.0000 

.10.24 

2.48 

16 

2.8000 

0.6600 

.2200 

0.8800 

8.26 

.0000 

.0000 

6.86 

2.60 

16 

S.6000 

0.6800 

.2100 

0.8200 

6.20 

.0000 

.0008 

8.60 

1.76 

17 

1.6600 

0.4400 

.1600 

0.2900 

4.26 

.0000 

.0000 

2.66 

1.18 

18 

1.8600 

Q.1700 

.0660 

0.0860 

8.86 

.0110 

.0000 

1.62 

0.64 

U 

0.4760 

0.0760 

.0460 

0.0800 

8.60 

.1240 

.0800 

0.64 

0.88 

20 

0.3600 

0.0600 

.0860 

0.0160 

8.22 

.1600 

.0860 

0.61 

0.80 

21 

0.6000 

0.1200 

.0600 

0.0700 

8.87 

.1600 

.0480 

0.80 

0.48 

29 

6.0000 

1.4400 

.4400 

1.0000 

6.70 

.0000 

.0000 

6.80 

2.82 

98 

8.6600 

1.1600 

.8400 

0.8100 

0.06 

.0000 

.0000 

6.88 

2.86 

24 

4.4600 

0.8400 

.8700 

0.4700 

6.60 

.0000 

.0000 

6.40 

8.62 

26 

8.0600 

0.7680 

.2820 

0.6260 

6.04 

.0800 

.0090 

4.64 

1.98 

26 

MtiUaf  tuk.   Saeh  Mmpto  wm  nuule  up  of  2  aqnal  portions  oolloeted  hourly. 


Btwagefrcm  Marlborough, 


[Puts  per  100,000.] 


AUXOKIA. 

ChlorliM. 

NiTaOOBH  AS 

QzroBv  CoasuMBD.  j 

▲LBUMIVOID 

. 

Nitrates. 

NItrttss. 

Unflltsrsd. 

FUtsrsd. 

Fne. 

•■S.a.A.kS 

DIs- 

flns- 

TotaL 

SOlTSd. 

psnded. 

0.8828 

.4128 

.1240 

.2880 

4.90 

.0090 

.0900 

1.76 

0.96 

0.6600 

.2600 

.1040 

.1660 

4.40 

.0870 

.9400 

1.66 

1.04 

0.9000 

.8000 

.0680 

.2820 

6.26 

.0090 

.0900 

1.41 

0.67 

0.8600 

.8200 

.0840 

.2860 

4.46 

.0090 

.0180 

9.02 

1.10 

0.9000 

.2700 

.0990 

.1780 

4.81 

.0090 

.0009 

2.02 

1.09 

1.0600 

•2600 

.0880 

.1690 

4.29 

.1440 

.0860 

1.81 

0.70 

1.2800 

.4800 

.1760 

.9640 

6.68 

.0090 

.0006 

8.68 

2.06 

srtttlng  tank.   Each  samplo  was  made  op  of  24  equal  portions  oolleeted  honrly. 
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It  will  be  seen  from  an  examination  of  the  foregoing  table  that 
here,  as  in  other  cases,  the  strength  of  the  sewage  daring  one  day 
is  greatest  at  the  hours  of  highest  flow  and  least  at  the  hours  of 
lowest  flow.  On  the  other  hand,  comparing  the  different  seasons 
of  the  year,  the  sewage  is  strongest  in  times  of  dry  weather,  when 
the  flow  is  small,  and  is  weakest  in  wet  weather,  when  the  flow  is 
large. 

Regular  monthly  examinations  of  samples  of  sewage  and  of  samples 
from  each  of  the  two  main  underdrains  have  been  made  for  several 
years.  The  average  yearly  results  of  these  examinations  are  given 
in  the  tables  which  follow.  The  analyses  of  the  efDuent  represent 
the  average  of  the  analyses  of  the  efDuent  from  the  two  underdrains. 

Yearly  Averages  of  Chemical  ExamiruUions  of  Sewage  from  Marlborough, 

[Parts  per  100,000.] 


Rbsidub  oh  Svapohatioh. 

AMVOmA. 

NlTWMBV 
▲8 

COBWOMBk 

TOTAL  BKSISnB. 

LOU  OR  lOKXnOH. 

ALBUlfflKOID. 

. 

i 

• 

i 

6.87 

1 

S 

1 

1 

• 

1 

*l 

4 

• 

^1 

»l 

.J 

1 

4 

•1 

t 

1898 

66.08 

86.74 

90.88 

24.10 

11.11 

18.00 

8.1089 

.6760 

.2608 

.8161 

.1888 

.0081 

1808 

78.86 

84.08 

87.48 

87.87 

10.84 

26.48 

8.0140 

.6186 

.8164 

.8078 

7.861 

.1126 

.08861 

a» 

. 

1804 

61.11 

86.84 

26.77 

80.66 

9.48 

80.18 

8.8607 

.7686 

.8700 

.4886 

6.68 

.0882 

.0807 

6.01 

2.46 

1806 

43.64 

28.19 

14.86 

17.78 

7.80 

0.08 

1.0367 

.4048 

.1647 

.8601 

6.26 

.0846 

.0482 

4.76 

l.W 

1896 

4S.41 

28.48 

14.03 

81.19 

9.61 

11.68 

8.1080 

.4281 

.1078 

.2808 

6.06 

.0U7 

.0868 

4.«8|   8.2S 

1807 

61.00 

82.69 

10.21 

26.88 

10.36 

16.68 

8.8040 

.6746 

.8106 

.8640 

6.84 

.0778 

.0100 

4.68     2.a 

1898 

88.28 

84.46 

8.77 

18.82 

6.40 

6.88 

1.8000 

.4608 

.8848 

.2866 

4.01 

.1162 

.0877 

8.60     1.31 

The  Munples  were  collected  from  the  settling  tanks,  and  represent  the  sewage  after  a  porttoa  ef  tbt 
suspended  matter  has  been  separated  from  It. 


Yearly  Averages  of  Chemical  Examinations  of  the  Effluent  from  the  Underdrains 

of  the  Marlborough  FiUer^ds, 

[Parts  per  100,000.] 


AmioKiA. 

■ 

KrntooBH  AS 

Besidae 

« 

e^w*" 

Yrab. 

on 

"2 

Eraporatlon. 

Free. 

AlbamlnoM. 

2 

Kitrates. 

NIttttea. 

1 

1808,   .... 

86.86 

.1966 

.0141 

4.96 

0.8008 

.0818 

1808,    . 

38.08 

.6081 

.0868 

6.08 

1.0180 

.0834 

« 

1804,    .       . 

82.18 

.4088 

.0876 

6.00 

1.1281 

.OltO 

•.86 

1806,   . 

29.70 

.6487 

.0299 

6.64 

0.0066 

.0180 

0.34 

1806,    .       . 

87.96 

.0286 

.0416 

6.64 

0.6886 

.0006 

0.49 

1897,    . 

88.19 

.7618 

.0448 

6.17 

0.6848 

.0161 

6.41 

1808,    .        . 

84.80 

.6808 

.0628 

6.00 

0.6441 

.0171 

0.84 

The  samples  were  oolleeted  from  the  efBnent  underdrains  at  their  outlet,  and  the  rasnlis 
the  averages  of  analyses  of  samples  from  the  two  main  underdrains. 
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The  degree  of  purification  effected  at  Marlborough,  as  indicated 
by  the  free  ammonia,  albuminoid  ammonia  and  oxygen  consumed 
in  the  sewage  and  in  the  efDuent,  is  shown  in  the  following  table. 
There  is  a  considerable  quantity  of  ground  water  at  all  times  in  the 
anderdrains,  so  that  the  effiuent  is  somewhat  diluted,  and  the  ap- 
parent purification  is  greater  than  the  actual  purification. 


[ParU  per  100,000.] 


FUS  AXMOKIA. 

Total  Albumikoid 
Ammonia. 

OXTOBV  COKSUMBO. 

Tbab. 

Sewage. 

Bfflaent 

Per 

Cent  re- 
moTed. 

Sewafe. 

Effluent. 

Per 
Cent,  re- 
moved. 

Sewage. 

Effloent. 

Per 

Cent,  re- 
moved. 

2.1020 
2.0140 
8.2607 
1.0867 
2.1080 
2.8040 
1.0000 

.1086 
.6081 
.4088 
.6427 
.6286 
.7618 
.6208 

00.0 
70.6 
84.7 
66.8 
70.4 
68.2 
68.8 

.6760 
.6136 
.7686 
.4048 
.4281 
.6746 
.4608 

.0141 
.0363 
.0376 
.0200 
.0416 
.0443 
.0328 

07.6 
04.2 
05.1 
02.6 
00.3 
03.4 
02.0 

6.01 
4.76 
4.08 
4.68 
2.60 

.86 
.84 
.40 
.41 
.84 

02.0 
02.8 
00.1 
01.2 
86.0 

Very  few  observations  have  been  made  of  the  temperature  of  the 
sewage,  except  those  made  at  the  time  that  the  special  measurements 
were  made,  the  results  of  which  are  given  on  page  642.  During  a 
very  cold  period  in  February,  1899,  the  temperature  at  various  places 
was  observed.  It  was  found  that  the  temperature  of  the  sewage  in 
the  reservoir  was  41^  F.,  while  the  temperature  of  the  sewage  as  it 
was  discharged  upon  the  beds  varied  from  33°  to  38°.  The  ice 
upon  the  beds  was  12  inches  thick  in  places.  The  temperature  of 
the  water  supply  at  this  time,  as  drawn  from  faucets  in  the  city, 
varied  from  34°  to  37°  F. 

Some  trouble  has  been  experienced  from  the  growth  in  the  under- 
drains  of  an  organism  which  appears  to  be  one  of  the  fungi,  which  in 
places  appears  in  such  masses  as  to  nearly  clog  the  pipes. 

At  times  of  wet  weather,  and  especially  during  the  spring,  when 
the  surfaces  of  the  beds  have  not  received  attention  for  a  consider- 
able time,  a  large  proportion  of  the  sewage  received  at  the  filter- 
beds  is  allowed  to  flow  off  without  purification.  No  reliable  estimate 
has  been  made  as  to  the  amount  of  sewage  discharged  in  this  way. 

The  effluent  and  unpurified  sewage  flow  into  a  small  brook,  one 
of  the  tributaries  of  the  Assabet  Biver.     This  brook,  at  the  point 
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where  the  effluent  is  discharged  into  it,  has  a  water-shed  of  0.8  of 
a  square  mile.  There  is  no  population  in  the  immediate  vicinity  of 
the  brook,  or  of  the  filter-beds,  and  the  population  within  half  a 
mile  of  the  filter-beds  is  only  about  22. 

Analyses  of  samples  of  water  collected  from  the  brook  below  the 
point  where  it  receives  the  effluent  from  the  filter-beds  have  been 
made  for  several  years,  and  the  yearly  averages  of  the  analyses  are 
given  in  the  following  table :  — 

Yearly  Averages  of  Chemical  Examinations  of  Water  from  the  Brook  into  which 
the  Effluent  from  the  Marlborough  Sewage  Filter-beds  is  Discharged. 

[ParU  per  100,000.] 


1 

RXSIDUB  OM 
EVAPOSATIOK. 

AmoiriA. 

6 

KmoaBx  AS 

1 

a 

1 

H 

Lots  on 
Ignition. 

• 

1 

ALBUVIirOID. 

S 

• 

• 

1 

i 

It 

s 
S 

1 

1808.        .       . 

.22 

24.20 

7.08 

.2040 

.0201 

.0186 

.0106 

4.47 

1.0063 

.0282 

.46 

1.9 

1004,       .       . 

.81 

26.88 

0.01 

.1816 

.0200 

.0181 

.0070 

4.80 

1.0712 

.0263 

.44 

6.6 

1896,       . 

.10 

27.66 

0.40 

.2880 

.0232 

.0162 

.0070 

6.17 

0.7876 

.0710 

.80 

6.8 

1806,        .       . 

.17 

26.87 

6.26 

.4667 

.0808 

.0278 

.0120 

6.66 

0.6888 

.0107 

.88 

6.0 

1807,        .        . 

.60 

17.62 

6.80 

.6021 

.0680 

.0271 

.0088 

8.45 

0.8871 

.OlM 

.4R 

4.0 

1808,       .       . 

.26 

22.17 

6.48 

.8647 

.0262 

.0222 

.0040 

4.67 

0.8127 

.0900 

.a 

6.8 

The  Mmplee  were  oolleeted  from  the  brook  »t  a  road  eroMing  below  the  fllter-bedi  and  below  wbeie 
the  efflnent  from  the  filter-beds  enters  the  stream. 


Medfield. 

Estimated  population  in  1898,  2,100. 

The  town  is  situated  within  the  water-shed  of  the  Charles  Biver. 
The  principal  part  of  the  population  is  contained  in  one  village,  in 
which  there  is  a  large  straw  factory  where  about  600  persons  are 
employed  at  certain  seasons  of  the  year.  Water  is  supplied  to  the 
straw  factory  and  to  a  few  buildings  in  the  immediate  vicinity  of  the 
factory  by  a  private  company,  but  there  is  no  general  system  of 
water  supply  for  the  town. 

The  sewerage  system  was  constructed  in  1886  and  was  intended 
primarily  to  remove  the  sewage  from  the  straw  factory,  but  at  the 
present  time,  in  addition  to  the  factory,  11  houses  and  a  small  hotel 
have  been  connected  with  the  sewers.     The  sewer  is  laid  from  the 
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straw  factory  along  the  valley  of  Vine  Brook  to  the  filtration  area, 
which  is  located  about  half  a  mile  from  the  centre  of  the  village, 
where  the  sewage  is  received  in  a  settling  tank  and  discharged  upon 
prepared  filter-beds.  The  main  sewer  is  8  inches  in  diameter  and 
is  built  of  Akron  pipe,  except  as  it  passes  beneath  a  brook,  where 
for  a  short  distance  it  is  constructed  of  iron  pipe.  At  the  time  the 
sewer  was  built  it  was  found  that  there  was  a  leakage  of  about 
15,000  gallons  per  day  of  ground  water,  which  is  equivalent  to 
25,000  gallons  per  day  per  mile  of  sewer.  No  underdrains  were 
constructed  beneath  the  sewers  but  care  was  taken  to  make  the  joints 
as  tight  as  possible. 

The  principal  source  of  sewage  is  the  straw  factory,  from  which 
large  quantities  of  spent  dyes  are  discharged  into  the  sewer,  giving 
the  sewage  a  very  decided  color.  No  measurement  has  been  made 
of  the  quantity  of  sewage  flowing. 

At  the  filtration  area  the  sewage  is  received  in  a  small  tank,  cir- 
cular in  section,  having  a  capacity  of  about  1,800  gallons.  The  out- 
let of  the  tank  is  so  arranged  that  sewage  is  taken  from  a  point 
beneath  the  surface,  so  that  the  heavy  matter  which  settles  at  the 
bottom  of  the  tank  and  all  floating  substances  are  prevented  from 
flowing  upon  the  filter-beds.  An  outlet  has  been  placed  at  the  bot- 
tom of  the  tank  through  which  the  sludge  is  discharged  at  intervals 
into  a  small  pit  which  has  been  dug  near  the  tank,  where  it  remains 
until  dry. 

On  the  filtration  area  four  beds  have  been  prepared,  having  a  com- 
bined area  of  about  1|^  acres.  The  sewage  is  discharged  on  these 
beds  from  a  manhole  situated  in  the  center  of  the  area*  When  the 
beds  were  constructed  all  the  loam  and  subsoil  which  were  on  the 
surface  were  ploughed  up,  but  none  of  the  material  was  removed 
except  where  excavation  was  necessary  in  the  grading  of  the  beds. 
It  was  soon  found  that  the  layer  of  loam  which  was  left  in  place  had 
become  very  hard  and  compact  and  prevented  the  flow  of  sewage 
through  the  filters,  and  in  1893  the  loam  was  all  removed  and  re- 
placed with  gravel.  Since  that  time  the  beds  have  absorbed  the 
sewage  much  more  readily. 

The  character  of  the  filtering  material  in  each  of  the  beds  has  been 
determined  by  analyses  of  samples  of  the  soil  collected  at  different 
depths,  the  average  results  of  which  are  given  in  the  following 
table :  — 
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Effbotivb  Sizb 

(MlLUVBTBBS.) 

UVIVOBinTT  COBVFIOIBVT. 

ALBUKtVOID  AXMOnx 

(Pabts  pbb  loo/no). 

Dbpth 
bsmbath  subfacb 

(FEBT). 

« 

a 

1 

a 

B 

5 

< 

• 

i 

1 

e 

3 

• 

< 

• 

§ 
1 

1 

BorfAce, 

0.25 

0.50,     .... 
1.00,     .... 
2.50 

.10 
.17 
.18 
.17 
.25 

.82 
.28 
.22 
.24 
.42 

.11 

.07 
.12 
.10 
.06 

12.8 
14.6 
14.7 
12.0 
12.1 

15.8 
28.4 
10.1 
15.8 
88.4 

10.6 

10.0 

11.7 

7.6 

4.1 

802.0 
867.4 
388.8 
168.1 
106.4 

844.6 
860.0 
800.4 
864.0 
270.0 

08.0 
88.8 

104.8 

04.6. 
80.7 

No  uDderdrains  were  constructed  in  the  filter-beds  as  the  ground 
water  was  found  to  be  about  10  feet  beneath  the  surface.  The  ground 
slopes  toward  a  small  spring  situated  about  260  feet  from  the  edge 
of  the  nearest  bed,  which  forms  the  head  waters  of  a  small  brook. 
This  spring  receives  a  considerable  quantity  of  the  purified  sewage. 

Regular  analyses  of  samples  of  sewage  and  of  water  from  the 

spring  which  receives  the  effluent  have  been  made  for  a  number  of 

years.     The  yearly  averages  of  the  results  are  given  in  the  following 

tables :  — 

Chemical  Examination  oj  Sewage  from  Medfield, 

[Parte  per  100,000.] 


Bbsidub  o«  Evapobation. 

Ammonia. 

1 

NITBOOBB 
AS 

Oxroo 

COBBOHBD. 

TOTAL  BBSIDUB. 

LOSS  Oir  lOHITIOB. 

Free. 

ALBUMIVOID. 

i 

I 

• 

i 

B 

D 

1 

• 

1 

it 

fig 

Sus- 
pended. 

• 

Dis- 
solved. 

i\ 

* 

Dis- 
solved. 

1 

1804 

47.64 

88.06 

8.68 

24.44 

18.48 

5.06 

2.0160 

0.7164 

.5852 

.1812 

2.11 

.0026 

.0090 

7.i«  i.n 

1806 

57.80 

61.88 

6.42 

25.80 

10.72 

5.68 

1.8618 

0.6448 

.5227 

.1216 

8.70 

.0066 

.0008 

ii.a  0.81 

1806 

80.17 

68.00 

12.17 

40.20 

80.27 

0.03 

1.05S3 

1.2883 

.0080 

.2908 

7.18 

.0068 

.0000 

16.78 

ll.M 

1807 

184.63 

124.88 

10.25 

88.05 

32.08 

5.07 

1.7260 

1.0650 

.0160 

.1500 

4.71 

.0086 

.0066) 

10.  oi 

8.11 

1806 

00.40 

74.20 

16.20 

84.82 

21.10 

18.22 

1.0877 

0.0076 

.7718 

.2268  . 

1 

10.85 

.0006 

.0000 

18.77 

6.81 

The  samples  were  eolleeted  as  Ihe  sewage  flowed  apon  the  fllt6r.beds. 

Chemical  Examination  of  the  Water  from  ihe  Spring  below  the  FiUraUon  Area  oJ 

the  Medfield  Sewerage  System. 
[Parte  per  100,000.] 


Resldae 

on 

EvftporatioD. 

Ammobia. 

Chlorine. 

KlTBOOBB  AB          | 

Tbab. 

Free. 

Albu- 
minoid. 

xntrstea. 

Sntrltea. 

OoosasMd. 

1804, 

1805, 

1806,    •             .              a             •             • 

1807,  

1808,  ..... 

12.86 

13.47 

8.78 

7.07 

8.48 

.0027 
.0115 
.0030 
.0064 
.0061 

.0101 
.0220 
.0144 
.0274 
.0114 

1.26 
1.68 
0.08 
0.81 
0.80 

.8102 
.2050 
.0678 
.0880 
.0888 

.0001 
.0007 
.0008 
.0008 

.0010 

.» 
.48 
.41 
.84 
.88 

The  samples  were  eoUeoted  from  a  sprioff  whtoh  te  located  Dorth  of  the  fllter-beds  and  a  little  over 
260  feet  from  the  edge  of  the  nearest  bed.  The  ground  where  the  filter-beds  are  loeated  sk^es  la  tbs 
direction  of  thte  spring. 
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The  purification  effected  by  filtration,  as  indicated  by  the  free  and 
albaminoid  ammonia  and  oxygen  consumed  in  the  sewage  and  in  the 
effluent,  is  shown  in  the  following  table. 

The  spring  receives,  in  addition  to  the  sewage  effluent,  a  considerable 
quantity  of  ground  water,  so  that  the  actual  purification  is  not  as  great 
as  is  indicated  by  the  results  of  the  analyses  of  the  water  of  the  spring. 

Purification  effected  by  the  Sewage  FiUer-beda  at  Medfield  as  indicated  by  the  Free 
Ammonia^  AUmminoid  Ammonia  and  Oxygen  Consumed  in  the  Sewage  and 
in  the  Spring  which  receives  the  Effluent, 

[ParU  per  100,000.] 


FBJU  iLHXOVIA. 

Total  Albumihoid 

AVMONIA. 

OZTOBK  COM8DMU>. 

YX4E. 

Sewagie. 

BfBoent. 

Per 
Cent,  re- 
moved. 

Sewage. 

Bffloent 

Per 

Ctat.  re- 
moved. 

Sewage. 

EfBaenL 

Per 

Cent,  re- 
moved. 

1804,  .        .       . 
1806,  . 

1806,  .        .       . 

1807,  .        .        . 
1806,   .        .        . 

2.6160 
1.8613 
1.0633 
1.7260 
1.0877 

.0027 
.0116 
.0030 
.0064 
.0061 

00.0 
00.2 
76.1 
66.7 
00.6 

0.7164 
0.6448 
1.2838 
1.0660 
0.0076 

.0101 
.0220 
.0144 
.0274 
.0114 

08.6 
06.4 
06.0 
06.6 
08.0 

7.16 
11.68 
16.78 
10.64 
12.77 

.10 
.48 
.41 
.34 
.26 

07.8 
06.0 
08.0 
06.6 
08.0 

The  temperature  of  the  sewage  applied  to  the  beds  is  high,  es- 
pecially during  days  when  the  straw  factory  is  in  operation,  as  some 
of  the  wastes  from  this  factory  are  discharged  into  the  sewer  at  a 
very  high  temperature.  Daily  observations  of  the  temperature  of 
the  sewage  as  it  is  discharged  on  the  filter-beds  were  made  during 
several  months  of  the  winter  of  1887-88.  The  following  table,  taken 
from  the  report  of  the  State  Board  of  Health  for  the  year  1887,  gives 
the  record  of  the  temperature  for  the  month  of  December,  1887  :  — 

Record  of  temperature  of  Medfield  Sewage  for  the  Month  of  December^  2887. 


Temper- 

Temper- 

DAT. 

Hour. 

atore. 
Deg.  F. 

DAT. 

Hoar. 

atnre. 
Deg.  F. 

1,        .          .         . 

12  X. 

8t 

. 

17,       .        .        . 

11  A.M. 

76 

„ 

2,       . 

7  A.M. 

72 

- 

18.      . 

10  A.M. 

66 

BoDday. 

8,       . 

12  X. 

88 

« 

10,      . 

12  M. 

76 

— 

4; 

10  A.X. 

68 

Sunday. 

20,       . 

6  p.m. 

72 

• 

6,       . 

4  p.m. 

80 

- 

21,       . 

12  m. 

74 

« 

6;  . 

12  m. 

70 

- 

22.       . 

6  p.m. 

70 

. 

7,  . 

12  m. 

76 

• 

28,       . 

6  p.m. 

71 

- 

% 

7  am. 

60 

• 

24,       . 

4  p.m. 

71 

. 

••  ' 

12  m. 

76 

•m 

26,       , 

2  p.m. 

68 

Sunday. 

10,  . 

7  a.m. 

66 

• 

26,       , 

2  p.m. 

61 

Holiday. 

u,     . 

10  a.m. 

67 

Snnday. 

87.       . 

7  pm. 

66 

- 

u.     « 

12  m. 

76 

- 

28.       . 

8  a.m. 

72 

« 

18.       . 

6  p.m. 

74 

— 

20.      < 

12  m. 

70 

• 

14,       . 

6P.M 

70 

• 

80.       . 

12  M. 

68 

• 

16,      . 

1p.m. 

78 

• 

81.       . 

7  a.m. 

66 

- 

18,      . 

12  m. 

72 

- 
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On  account  of  the  high  temperature  of  the  sewage^  its  disposal 
during  the  winter  months  is  accomplished  without  much  di£Bculty» 
notwithstanding  the  fact  that  the  sewage  is  discharged  continuously 
on  large  beds  at  a  slow  rate.  The  beds  receive  very  little  attention, 
being  ploughed,  harrowed  and  raked  occasionally  during  the  auouner 
months  at  an  annual  expense  of  about  $50. 

There  are  several  dwelling-houses  in  the  vicinity  of  the  filter-beds^ 
and  it  is  said  that  at  times  those  living  in  the  vicinity  are  troubled 
by  disagreeable  odors  which  arise  from  the  beds.  These  odors 
appear  to  come  from  the  sludge  pit,  which  receives  the  sludge  which 
accumulates  in  the  tank  for  a  considerable  time  and  which  becomes 
more  or  less  decomposed.  There  is  no  population  in  the  vicinity  of 
the  brook  into  which  the  effluent  naturally  finds  its  way. 


Natick. 

Estimated  population  in  1898,  8,632. 

The  town  of  Natick  is  situated  within  the  water-sheds  of  the  Sud- 
bury and  Charles  rivers,  the  larger  part  of  the  thickly  populated 
section  of  the  town  being  within  that  portion  of  the  water-shed  of 
the  Sudbury  Biver  which  drains  toward  Lake  Cochituate,  one  of  the 
sources  of  water  supply  of  the  Metropolitan  District.  The  principal 
industry  is  the  manufacture  of  shoes,  although  there  are  several 
factories  of  other  kinds  in  the  town. 

A  public  water  supply  was  introduced  in  the  year  1874  and  is  now 
generally  used  throughout  the  town.  The  average  daily  consump- 
tion of  water  during  the  year  1898  was  369,000  gallons,  or  43  gallons 
per  capita. 

The  sewerage  system  was  completed  in  1896,  the  cost  of  oonstmo- 
tion  being  paid  in  part  by  the  city  of  Boston.  Before  the  oonstmo- 
tion  of  the  system  much  of  the  sewage  found  its  way  directly  or 
indirectly  into  Lake  Cochituate  through  Pegan  Brook,  which  flows 
through  the  densely  settled  portion  of  the  town,  and  in  addition  to 
removing  the  sewage,  provision  has  been  made  for  filtering  the  water 
of  Pegan  Brook  before  it  enters  the  lake.  The  sewage  is  collected 
in  a  system  of  pipe  sewers  and  conveyed  through  a  main  sewer  buOt 
of  brick  and  iron  to  a  reservoir  situated  on  the  westerly  side  of  Lake 
Cochituate,  from  which  it  is  pumped  to  filter-beds  adjacent  to  the 
Framingham  filter-beds,  about  L5  miles  from  the  pumping  statioo* 
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The  system  is  in  many  respects  similar  to  the  system  in  the  adjoin- 
ing town  of  Framingham,  which  has  been  previously  described. 

The  system  was  built  on  the  separate  plan,  and  was  designed  to 
exclude  all  surface  water,  so  far  as  practicable,  from  the  sewers. 
No  permanent  underdrains  were  constructed  beneath  the  sewers,  as 
there  could  be  no  outlet  for  them  except  into  Lake  Cochituate  or  its 
tributaries,  unless  the  water  should  be  pumped.  Much  water  was 
encountered  in  the  ground  when  the  sewers  were  constructed,  and 
the  leakage  of  ground  water  into  the  sewers  is  very  great,  especially 
at  times  when  the  level  of  the  water  in  the  ground  is  high.  The 
lateral  sewers  are  constructed  of  earthen  pipe.  The  main  sewer  is 
of  brick,  except  in  one  place  where  it  is  laid  for  a  distance  of  2,500 
feet  near  the  shore  of  Lake  Cochituate,  where  iron  pipe  is  used  in- 
stead of  brick  in  order  to  prevent  leakage  from  the  sewer  into  the 
lake. 

At  the  end  of  the  year  1898  there  were  8.58  miles  of  sewers  in 
the  town  and  263  connections  had  been  made  with  the  system,  which 
may  be  roughly  classified  as  follows :  — 

Single  houses, 96 

TeDcment-hoases,      .        .      ' 116 

Business  blocks, 28 

Factories, 8 

Hotels, 4 

Laundries,  school-houses,  charches,  etc., 11 

Total  connectioDS, 263 

The  quantity  of  sewage  varies  greatly  and  at  times  of  storm  is  very 
large.  The  influence  of  a  storm  is  quickly  felt,  which  would  indicate 
that  surface  water  gets  into  the  sewers  more  or  less  directly.  At 
times  when  the  level  of  the  water  in  the  ground  is  high  the  flow 
of  sewage  is  uniformly  large.  Records  are  kept  of  the  quantity 
of  sewage  pumped  each  day,  and  although  these  records  are  not 
accurate,  as  the  slip  of  the  pumps  varies  from  time  to  time,  they 
serve  to  give  an  approximate  indication  of  the  quantity  of  sewage 
flowing.  The  following  table  gives  the  average  daily  quantity  of 
sewage  pumped  each  month  since  the  records  have  been  kept :  — 
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Average  Daily  Flow  of  Sewage  from  Natiek. 

[QalloM  par  Day.] 


MOVTH. 

1M7. 

189S. 

MOXTH. 

1M7. 

IIM. 

Jmniiuy,  . 
Febmary, 
ICarah,      , 
April, 
Hay, .       . 

1 

»0,000 
843,000 
447,000 
406,000 
387,000 
800,000 
288,000 

440,000 
681,000 
668,000 
865,000 

667,000 
486,000 
202,000 

Angoit,  • 
Beptember,     . 
Oetober, . 
November,     . 
December, 

Average,  . 

2n,ooo 

864,000 
906,000 

SM/WO 
460,000 

tOSjBM 
841,000 
661,000 

786,000 

Jane, 
Jaly, . 

846,000 

i08«O0O 

The  average  quantity  of  sewage  per  day  flowing  from  the  main 
sewer  during  the  year  1898  was  503,000  gallons,  while  the  maximum 
flow  in  any  one  day  was  1,562,000  gallons,  or  about  three  times  the 
Average.  The  minimum  quantity  of  sewage  flowing  in  any  one  day 
was  159,000  gallons,  which  is  only  one-tenth  of  the  maximum  flow. 
The  following  table  gives  the  average,  maximum  and  minimum  daily 
flow  for  each  inhabitant,  each  connection  with  the  sewers  and  each 
mile  of  sewers  constructed :  — 


Average 

(Oallona  per 

Day). 


Maximam 
(Oaaons 
DV) 


(Oaltoaii 

Day) 


Total  flow, . 
Flow  per  inhabitant. 
Flow  per  eonneotion. 
Flow  per  mile  of  eewere, 


608,000 

68.8 

1,018 

68,606 


1,662,000 

181.0 

6,080 

182,000 


in.000 

10.4 

606 
18^ 


In  addition  to  the  records  of  the  flow  of  sewage  kept  by  the  en* 
gineer  at  the  pumping  station,  a  series  of  measurements  has  been 
made  under  the  direction  of  the  Board  by  means  of  an  automatic 
recording  gauge  which  registers  the  height  of  water  on  a  weir. 
These  special  measurements  were  continued  for  several  weeks  during 
the  spring  of  1899,  and  the  following  table  gives  the  average  daily 
flow  as  indicated  by  the  observations,  together  with  the  nuudmaffi 
And  minimum  flow  for  each  day  and  the  hour  when  each  occurred :  — 
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ii  : 

n 
I  \ 

1  ■. 
A   : 

1; 

IS, 

1^ 

IS;  ■: 

WcilDWllIT,  . 

ThDtiday,      . 
Frld.r,  .        . 

tSX;:   : 
RX'.   ; 
KSS'f'  : 

Sulnida;,       . 
e<ind>j,V       . 

sx ; 

Thnnd*T,      . 
Frld.7,  .       . 
e>liird>T,       . 

KSv    : 
S3Si-.,.: 

Tbnndij,      . 

Ea,-,   : 

M0Dd*7, 

«;s., : 

8>mrai>r,     . 

Si".Xv    : 

Thiir«l.r,     . 

|lAtD^A7, 

■SXSi.,.: 

TharKUf,     . 

,14S,(W0 

,118,000 
,WO,000 

i'm'ooo 
no 

DO 

00 

00 

iBr:S 

Sir 

.»:«• 

JM.C«M 
7M.MC 
TIS.MO 

sa 

011,000 
4M,D00 
SM.OOO 
Ill«,0OO 

wslooo 
4u|ooa 

400.000 
4I&,000 
ITS.OOO 
811,000 
305  000 
384  000 
883,000 

sad  000 
no^no 
su,ooa 

00 
00 
00 
00 

00 

00 

00 
00 
00 

00 

00 
00 

00 
00 
00 

00 
00 

00 
oo 

00 

— ,J» 

088.000 
030,000 
900,000 

UR,IMa 
1,131,000 

BT^ODa 

»4.000 

814.000 
TM.OOO 
768,000 
78i:OOQ 
804,000 
TSO,000 
708,000 

88&'.000 
880.000 
0M,000 
808,000 
806,000 

ooilooo 

838,000 
688.000 

6T4l000 

438,000 
401000 
188.000 

886!  000 
886:DD0 

»A.M'-e"M. 

11  a.».-»'"m. 

(-11  AM. 

'"iil:3! 

IOam^'p.'m. 

3-8  p:m! 

"?'m 
10  a!m! 

HI 

Oa.m! 
10-11  a.m! 

»-  oa!b! 

0  am. 

p.»! 

'■■■;| 

io1!m! 

i    730,000 
118,000 

sir 

(38,000 

<3«,000 
811,000 

«o4;ooo 

tao!ooo 

888  000 
48S:000 

448:000 
446,000 

438,000 
487.000 

ISiSSS 

438;000 

SH 

mooo 

m 

HO.0OO 

gtas 

1-8  A.«. 

taDdaA.M-.llP.M. 

t-lAM. 

11-11  p.m! 
8-7  a!m! 

i"m: 

*■  IS  p.m!"' 

3-7  a!m! 

1:1 
*-•*£;'!!'■■■ 

13  Sm! 
1-8  AJi. 

*•■•„';:: 

ItPM. 

10-11  p!m! 

1-*AJI.,11PM. 
13  P.M. 
1-8  AM. 

l";J: 

4-8  AH. 
B-8AM. 

8-8A1I. 

3-8  a!m! 
3-8  AM. 

1.4a.m,Vi?p.m. 
3-4  a!>! 

(-4  am! 

Very  little  maQDfBctaring  sewage  enters  the  sewers,  so  that  the 
sewage  ooiiBiata  ohiefly  of  a  mixtnre  of  house  sewage  with  a  varying 
qoaatity  of  groand  water.     The  average  sewage  is  very  much  weaker 
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than  the  sewage  from  most  of  the  other  cities  and  towns  in  the  State 
where  the  sewage  is  purified. 

At  the  pumping  station  the  sewage  passes  through  screens  placed 
in  a  screen  chamber  at  the  end  of  the  main  sewer.  These  screena 
consist  of  vertical  iron  plates  with  an  open  space  between  them 
of  three-quarters  of  an  inch.  The  total  area  of  the  screens  is  17 
square  feet.  The  screens  are  so  arranged  that  when  they  are  clean 
the  sewage  will  all  pass  through  the  lower  portion,  and  as  the 
screens  become  clogged  the  sewage  will  rise  until  eventually  it  will 
flow  over  the  top  of  the  screens.  The  screens  are  generally  cleaned 
once  in  two  days,  the  material  removed  being  burned  beneath  the 
boilers.  At  times  of  high  flow  the  sewage  is  so  dilute  and  there 
is  such  a  small  amount  of  solid  matter  in  the  sewage  that  the  screeoB 
are  removed,  and  everything  brought  down  by  the  sewers  passes  to 
the  pumps. 

The  sewage,  after  passing  through  the  screens,  is  received  in  a 
covered  masonry  reservoir  having  a  capacity  of  500,000  gallons, 
which  is  designed  to  receive  sewage  during  the  night  so  that  pump- 
ing is  necessary  only  during  the  daytime.  The  solid  matter  which 
accumulates  at  the  bottom  of  this  reservoir  is  removed  occasionally 
by  mixing  it  with  a  small  quantity  of  sewage  and  then  pumping  the 
mixture  to  the  filtration  area. 

The  pumping  plant  consists  of  two  pumps  having  capacities  of 
1,000,000  gallons  and  2,000,000  gallons  per  day  respectively.  The 
valves  in  the  pumps  are  ordinary  water  valves,  and  some  trouble  has 
been  experienced  by  solid  matter  getting  beneath  the  valves.  The 
force  main  from  the  pumping  station  to  the  filtration  area  is  of  cast- 
iron  pipe  16  inches  in  diameter  and  7,861  feet  in  length.  The  force 
main  is  so  arranged  that  all  of  the  sewage  in  the  pipe  at  the  time  the 
pumps  are  stopped  remains  in  the  pipe  until  pumping  is  resumed 
the  next  day.  The  quantity  of  sewage  remaining  in  the  pipe  in  this 
way  is  82,000  gallons. 

The  filtration  area  is  situated  about  two  miles  north-west  of  the 
village  and  is  adjacent  to  the  Framingham  filtration  area,  which  has 
already  been  described.  The  effluent  from  the  two  fields  enters  the 
same  brook  and  the  conditions  at  the  two  places  are  very  mach  the 
same.  The  total  area  of  land  owned  by  the  town  of  Natick  is 
97i  acres,  on  which  six  filter-beds  have  been  constructed,  having  an 
average  area  of  about  an  acre  each.  The  beds  were  prepared  for 
the  filtration  of  sewage  by  the  removal  of  the  soil  and  subsoil.    The 
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'Character  of  the  filtering  material  ia  each  bed  at  different  depths  has 
been  determined  by  analysis,  and  the  following  table  gives  the  aver- 
age results  of  these  analyses  for  each  depth :  — 


DXPTH 
BSlOW  8WACB 

(Fur). 


0, 
•0.3ft, 
•0.50, 
1.00, 
2.80, 


ErvBonYB  Sizb 

(MlLUXSTKU). 


i 


a 


i 


.16 

.SO 

.18 

.90 

.18 

.86 

.16 

.28 

.11 

.26 

.04 
.04 
.04 
.04 
.00 


UnroBMiTT  OoBrncisNT. 


7.0 

e.e 

6.0 
6.8 
8.8 


f 


16.8 
12.6 
16.1 
11.0 
6.6 


B 

a 


2.4 
2.6 
2.8 
1.8 
1.0 


Albuvihoid  Ammonia 
(Pabts  pbb  100,000). 


I 


18.2 

18.8 

12.0 

7.0 

4.1 


8 


88.7 
21.8 
18.1 
14.4 
11.0 


I 


7.0 
8.6 
8.8 
1.4 
1.0 


The  beds  are  underdrained  by  lines  of  pipe  placed  36  feet  apart 
at  a  depth  of  about  6  feet  beneath  the  surface.  No  provision  has 
been  made  for  the  distribution  of  the  sewage  at  different  parts  of  the 
surface,  but  the  sewage  is  applied  directly  on  the  beds  from  man- 
holes at  each  comer.  The  sewage  is  applied  to  each  of  the  beds  in 
rotation,  one  of  the  beds  generally  receiving  the  entire  flow  for  a 
day,  but  at  times  of  high  flow  it  is  allowed  to  flow  upon  two  of  the 
beds  at  the  same  time.  The  beds  are  prepared  for  winter  by  fur- 
rowing the  surfaces.  A  crop  of  corn  was  raised  on  each  of  the  beds 
in  the  summer  of  1898.  The  quantity  of  sewage  purified  on  this 
filtration  area  is  very  large,  especially  at  times  of  wet  weather.  The 
sewage  is  weak,  so  that  it  is  possible  to  purify  a  much  larger  quantity 
per  acre  than  can  be  purified  at  Framingham,  where  the  average 
sewage  is  several  times  as  strong  as  at  Natick.  It  is  said  that 
practically  all  of  the  sewage  has  been  purified  since  the  works  were 
completed,  and  only  a  very  small  quantity  has  been  discharged 
directly  into  Bannister  Brook  without  purification.  The  average 
quantity  of  sewage  purified  per  acre  during  1898  was  84,000  gallons 
per  day.  During  the  month  of  maximum  flow  the  average  quantity 
purified  was  123,000  gallons  per  acre  daily. 

Two  series  of  analyses  have  been  made  of  samples  of  sewage  col- 
lected from  the  main  sewer  at  frequent  intervals  for  a  period  of 
twenty-four  hours,  to  show  the  variation  in  character  of  the  sewage 
during  the  day.  The  results  of  these  analyses  are  shown  in  the  fol- 
lowing table :  — r 
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Chemical  EQuunituUion 


[Parts  per  100,000.] 


i 
» 


Date. 


Hour. 


Temper- 
ature. 

Deg.  F. 


1 

23488 

1898. 

Jane    8 

2 

28488 

June    8 

8 

28484 

Jane    8 

4 

28486 

Jone    8 

5 

28486 

Jane    0 

6 

28487 

Jane    0 

7 

28488 

Jane    0 

8 

28480 

Jane    0 

0 

28400 

Jone    9 

10 

28401 

Jone    0 

U 

28492 

Jone    0 

12 

28408 

Jane    0 

18 

24108 

Ang.    8 

14 

24100 

Ang.    8 

16 

24200 

Ang.    8 

16 

24201 

Ang.    8 

17 

24202 

Ang.8,0 

18 

24308 

Ang.    0 

10 

24204 

Ang.    0 

SO 

24206 

Ang.    0 

21 

24307 

Ang.    9 

28 

24206 

Aog.    9 

28 

24200 

Ang.    0 

84 

24210 

Aag.    0 

6.00  and  6.00  p.x. 

7.00  and  8.00  p.x. 

0.00  and  10.00  P.M. 
11.00  and  12.00  P.M. 

1.00  and  2.00  a.x. 

8.00  and  4.00  a.m. 

6.00  and  6.00  A.x. 

7.00  and  8.00  a.x. 

0.00  and  10.00  a.x. 
11.00  and  12.00  A.X. 

1.00  and  2.00  P.X. 

8.00  and  4.00  pji. 

4.00  and  6.00  p.x. 

6.00  and   7.00 p.x. 

8.00  and  0.00  p.x. 
10.00  and  11.00  p.x. 
12.00  and  1.00  aji. 

2.00  and  8.00  a.x. 

4.00  and  6.00  a.x. 

6.00  and  7.00  A.x. 

8.00  and  0.00  A.x. 
10.00  and  11.00  AX. 
12.00  and  1.00  p.x. 

2.00  and  8.00  p.x. 


68.0 
62.0 
62.0 
62.6 
62.0 
61.6 
61.7 
61.0 
68.7 
68.6 
64.6 
64.0 

67.0 
66.0 
66.0 
67.0 
66.0 
66.0 
67.0 
66.0 
67.0 

n.o 

68.0 


BSUDUB  OV  ETAPOKAnO*. 


TOTAL  BSStDDB. 

Tbtal. 

DU- 

•OlTCd. 

8ae- 
peoded. 

20.80 

23.00 

6.80 

20.00 

28.80 

6.70 

24.20 

28.80 

0.40 

30.80 

30.70 

0.10 

21.80 

21.00 

0.80 

21.10 

20.90 

0.20 

20.70 

20.10 

0.60 

21.10 

21.00 

0.10 

28.00 

28.00 

0.00 

81.00 

26.00 

4.10 

24.80 

22.70 

1.60 

27.00 

22.80 

4.20 

214.00 

42.20 

in.80 

461.60 

47.60 

404.00 

8088.40 

64.00 

2964.40 

1072.80 

86.80 

1886.00 

861.20 

71.80 

779.40 

67.60 

28.80 

88.80 

80.00 

22.20 

7.80 

87.20 

24.00 

18.20 

86.80 

20.80 

7.00 

117.60 

87.20 

80.40 

186.00 

87.20 

06.80 

70.60 

81.60 

48.00 

Lose  ov  Mvmos. 


ToCaL 


Dis- 
■olTed. 


9.40 

10.60 

6.60 

8.60 

6.40 

6.10 

6.00 

6.00 

8.80 

6.60 

6.90 

8.60 

188.20 

276.00 

2778.00 

1488.40 

648.20 

27.60 

0.20 

18.60 

10.80 

46.60 

78.60 

42.80 


4.20 

6.60 

6.30 

8.60 

6.20 

6.00 

6.60 

6.00 

8.00 

4.40 

4.70 

4.60 

90.00 

22.00 

87.90 

46.60 

41.20 

7.00 

6.40 

6.40 

4.80 

6.20 

18.80 

12.40 


6.2B 

6.00 

0.40 

0.00 

0.2B 

0.10 

0.46 

0.0ft 

0.« 

9.2B 

1.10 

4.06 

I18.2D 

264.40 

fVS4.IO 

1441.10 

608.01 

2B.60 

2.80 

7.2I> 

1.00 

80.40 

0.10 

80.49 


The  samples  were  oollected  from  the  end  of  the  main  sewer  as  It  dlsekaiges  Ists 

As  before  stated ,  the  night  flow  of  sewage  is  stored  in  the  reser- 
voir at  the  pumping  station  and  pumped  only  during  the  daytime. 
When  the  pumps  are  stopped  a  considerable  quantity  of  sewage 
remains  in  the  force  main  until  the  pumps  are  started,  so  that  some 
of  the  sewage  is  quite  stale  by  the  time  it  reaches  the  filtiatioD 
area.     In  order  to  ascertain  the  changes  which  occur  in  the  chancier 
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of  Sewage  from  Natiek. 


[Parti  per  100,000.] 


Ammoria. 

Chloriae. 

NlTBOGBH  AS 

OXTOBH  COMSUMBD. 

ALBUMIKOIll 

i. 

NItntes. 

Nitrites. 

Unflltered. 

Filtered. 

Free. 

Total. 

Die- 

•olved. 

Sus- 
pended. 

0.&280 

0.2120 

0.0880 

0.1240 

4.50 

.0010 

.0013 

1.00 

1.09 

1 

0.0400 

0.2000 

0.0960 

0.2000 

S.72 

.0020 

.0640 

2.78 

2.00 

2 

0.4S20 

0.1200 

0.0560 

0.0640 

4.65 

.2750 

.0960 

1.18 

0.90 

8 

0.2720 

0.1800 

0.0500 

0.1800 

8.68 

.2250 

.1040 

0.74 

0.02 

4 

0.2720 

0.0880 

0.0800 

0.0580 

8.25 

.4700 

.0480 

0.64 

0.80 

6 

0.1000 

0.0400 

0.0300 

0.0100 

8.14 

.4750 

.0840 

0.88 

0.20 

0 

0.2080 

0.1280 

0.0260 

0.1020 

8.00 

.4800 

.0340 

0.46 

0.20 

7 

0.8700 

0.1200 

0.0400 

0.0710 

8.25 

.8700 

.0040 

1.12 

0.40 

8 

1.1800 

0.2520 

0.1040 

0.1480 

5.15 

.1100 

.1860 

0.80 

0.01 

9 

0.8100 

0.2480 

0.0980 

0.1500 

7,00 

.0030 

.0760 

1.67 

0.80 

10 

0.7040 

0.2760 

0.1280 

0.1480 

8.87 

.0020 

.0000 

1.76 

1.04 

11 

O.8S00 

0.1160 

0.0520 

0.0040 

8.91 

.0040 

.0000 

2.11 

1.33 

12 

2.1800 

8.6000 

0.4400 

8.1600 

2.88 

.0000 

.0000 

18.60 

3.52 

18 

2.0200 

4.8000 

0.5200 

8.7800 

6.86 

.0010 

.0000 

28.00 

9.50 

14 

4.0600 

18.8000 

1.1000 

17.7000 

4.20 

.1580 

.0000 

60.80 

9.08 

15 

8.6700 

24.4000 

1.7000 

22.7000 

6.42 

.2040 

.0000 

80.40 

9.00 

10 

11.0000 

12.1000 

1.6700 

10.4800 

8.56 

.0000 

.0000 

77.00 

6.00 

17 

1.1200 

l.OSOO 

0.1100 

0.9400 

4.41 

.0000 

.0024 

15.20 

0.48 

18 

O.1600 

0.2900 

0.0550 

0.2860 

8.80 

.0000 

.0850 

1.28 

0.20 

19 

0.10(0 

0.1500 

0.0450 

0.1050 

8.56 

.0000 

.0650 

1.12 

0.10 

20 

O.T500 

0.2200 

0.0900 

0.1800 

7.01 

.0350 

.0800 

1.00 

0.50 

21 

1.5200 

0.3500 

0.2000 

0.1500 

11.08 

.0000 

.0000 

6.12 

1.20 

22 

1.8000 

1.2500 

0.2900 

0.9600 

7.96 

.0000 

.0000 

15.20 

2.24 

28 

1.4000 

0.7500 

0.2100 

0.5400 

4.88 

.0000 

.0000 

5.00 

8.00 

24 

the  reMrroir.    Baeh  sample  was  made  op  of  2  equal  portions  collected  hoarly. 


of  the  sewage  between  the  time  it  reaches  the  pumping  station  and 
the  time  it  is  distributed  on  the  filter-beds,  a  series  of  analyses  was 
made  in  the  spring  of  1899,  the  results  of  which  are  shown  in  the 
tables  which  follow.  Several  samples  of  effluent  were  collected  in 
the  coarse  of  a  single  day  during  the  investigations,  the  results  of 
which  are  appended. 
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Chemical  Examination  of  Sewage 


[PMi*  per  100,000.] 


s 

s 

Date. 

Hoar. 

Rate  of 
Flow. 

Oallons 

94  Hoan. 

Temper- 
ature. 

Deg.F. 

BSSIDUB  ox  EVAPOBATlOa. 

TOTAL  BK8ID0B. 

LOSS 

OV  lOSflTIOS. 

Total. 

DU-       Sob- 
solved,  ponded. 

ToUL 

Dts- 
aolTed. 

1 

pendcd. 

1 

26762 

1809. 

Apr.  14 

6tolt.30p.K. 

770,880 

^ 

22.40 

21.00 

1.40 

8.80 

7.70 

1.10 

2 

26768 

Apr.  16 

12  P  M.  to  6.80  A  K. 

751,025 

- 

10.70 

18.00 

0.80 

6.70 

5.00 

0.M 

8 

26776 

Apr.  16 

6toll.80A.K. 

837,115 

- 

22.00 

20.00 

2.00 

8.00 

7.00 

1.00 

26784 

Apr.  18 

12  X.  to  5.80  P.X. 

886,165 

64.2 

25.50 

24.80 

1.20 

10.50 

10.20 

0.80 

26789 

Apr.  16 

6  to  11.80P.X. 

754,800 

44.8 

22.50 

21.00 

1.50 

10.00 

8.50 

l.» 

26700 

Apr.  16 

12  to  5.80  A.X. 

711,600 

44.0 

20.50 

10.50 

1.00 

7.00 

7.00 

0.« 

26803 

Apr.  16 

6toll.80A.X. 

778,600 

45.7 

20.00 

19.50 

0.50 

7.80 

7.50 

0.88 

26810 

Apr.  16 

12  M.  to  5.80  P.X. 

828,480 

46.0 

22.50 

21.00 

1.50 

1    8.00 

1 

'    7.20 

0.88 

26818 

Apr.  16 

6toll.80p.x. 

756,800 

44.0 

20.00 

20.60 

0.80 

,    8.50 

8.60 

O.fO 

26814 

Apr.  17 

12  to  5.80  A.X. 

760,800 

48.8 

10.80 

19.50 

0.80 

1    7.20 

7.00 

0.20 

26827 

Apr.  17 

6toll.80A.X. 

864,400 

44.8 

21.00 

19.50 

1.50 

i    7.50 

'    6.80 

1.M 

26843 

Apr.  17 

12  X  to  5.80  P.x. 

010,200 

44.5 

21.00 

10.80 

1.20 

,    6.60 

5.80 

1.20 

26881 

Apr.  17 

6toll.80p.x. 

836,400 

44.0 

20.50 

10.00 

1.50 

:    7.20 

;    6.80 

0.90 

26852 

Apr.  18 

12  to  5.80  A.X. 

705,200 

44.0 

18.70 

18.00 

0.70 

6.50 

i 
6.80; 

1 

OJO 

The  samplea  were  collected  from  the  and  of  the  main  sewer  as  it  dtocliarses  into  ite 


Chemietil  Examination  cf  Sewage 


[Parts  per  160,000.] 


"— 

• 

Data. 

Hoar. 

Rate  of 
PiuupiUf. 

Oalloot 

2tfioiirt. 

1 

Teaaper- 
atnre.  ■ 

Dcf.F. 

RxaiikCB  ox  Btapooatios. 

TOT4L  BBStDCB. 

UMS 

ox  Ksmes. 

1»taL 

Die. 

■olved. 

Sus- 
pended. 

TMal. 

Dto- 
■otvtd. 

^ 

ISM. 

28775  AprUlO 

7.90  to  10.00  A.X. 

« 

1 

1       . 

90.50(  19.90 
1 

1.90 

8.29 

7.60 

9.m 

26782  AprilU 

10.30  AJi.  to  1.00  P.X. 

1,768^028 

41.7 

25.90  16.40 

t 

9.89 

19.09 

8.60 

2.10 

26783  AprU15 

1.80  to  4.00  px. 

47.0    , 

I 

23.60  21.50 

1 

2.10 

um 

8.90 

O.20 

26802  AprU16 

7.80  to  10.00  AJi. 

1.748,957 

46.0 

90.5»'  lt.80 

1 

9.70 

7.69 

7.60 

o.« 

26804  April  16 

10.80AJi.tol.00pji. 

1.6»,400 

48.2 

90.80f  98.80 

t 

9.00 

7.99 

7.90 

0.00 

n 

2«)Q9   AprilU 

1.90  to  4.00  PJi. 

1.618,900 

M.9 

S.5»  20.70 

4.89 

9.90 

9.49 

8.S0 

▼ 

26828   April  17 

7.90  to  8.90  A  X. 

2,2M.90O 

«.• 

n.oa  19.70 

1.99 

7.00 

6.90 

•.M 

:S0S2»   April  17 

9.00  to  10.00  AJi 

1J867,480 

M.( 

11.70  98.98 

1.89 

7.89 

7.60 

•.» 

26890  April  17 

10.90  to  11.90  AJi. 

2,005^900 

«•.• 

90.9».  19.89 

9.90 

•09 

•JO 

•Jt 

28M4  April  17 

12.00  to  1.60  PX. 

1,02.»» 

M.» 

21 J9  29.00 

1.89 

7.T9 

7.68 

i.n 

26845   AprilU 

1.90tot.J0PX 

U98MW 

46.5 

S1.J9  19.99 

1.49 

7.10 

8J0 

U 

S0846   April  17 

9.00  to  4.08  PJi. 

U8n»400 

46.5 

tl.S9  mj9 

9.49 

•jt 

•.«0 

i.* 

ipfee  v«fv  «cUccc«d  frooi  a  tap  la 


oftte 
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from  the  Main  Sewer  at  Natick. 


[Part*  per  100,000.] 


AMMOiriA. 

Chlorine. 

NiTBOORV  ▲■ 

OXTQBN  COKSDXKD. 

^^"^ 

ALBUMIWOID. 

Nitrates. 

Nttiltet. 

Unflltered. 

Filtered. 

Ftm. 

Total. 

Dis- 
solved. 

Sus- 
pended. 

.8160 

.1120 

.0060 

.0160 

8.88 

.4800 

.0840 

1.00 

0.08 

1 

.1400 

.0880 

.OMO 

.0820 

8.61 

.6700 

.0180 

0.42 

0.27 

2 

.8280 

.1400 

.0900 

.0600 

8.72 

.8800 

.0220 

0.08 

0.88 

8 

.8600 

.1360 

.1080 

.0280 

2.80 

.6400 

.0840 

8.48 

2.24 

4 

.8140 

.0080 

.0740 

.0240 

2.83 

.6800 

.0280 

1.60 

1.18 

8 

.1680 

.0680 

.0480 

.0290 

2.06 

.6200 

.0260 

0.61 

0.20 

6 

.2000 

.0620 

.0470 

.0160 

2.70 

.6000 

.0240 

0.68 

0.60 

7 

.4080 

.1180 

.08S0 

.0880 

2.00 

.1600 

.0820 

1.76 

1.16 

8 

.8180 

.0680 

.0680 

.0100 

2.80 

.7000 

.0280 

0.06 

0.78 

0 

.1600 

.0400 

.0840 

.0060 

2.47 

.6800 

.0240 

0.61 

0.46 

10 

.8000 

.0980 

.0680 

.0800 

2.68 

.4760 

.0280 

0.86 

0.77 

11 

.6000 

.1680 

.1200 

.0480 

8.26 

.4400 

.0820 

2.64 

2.02 

12 

.8040 

.1000 

.0610 

.0800 

8.00 

.4000 

.0260 

1.62 

1.31 

18 

.1360 

.0420 

.0870 

.0060 

2.60 

.4400 

.0220 

0.48 

0.88 

14 

roMrvolr.    Each  sample  was  made  up  of  12  eqnal  portions  collected  each  half  hour. 


from  the  Pumping  SUUion  at  NcUick. 

[Parts  per  100,000.] 


Amkokia. 

Chlorine. 

NiTBOOBN  AS 

03(TOBir  COHSUMBD. 

ALBUMISrOID. 

Nitrates. 

Nitrites. 

Unflltered. 

FOteied. 

Free. 

Total 

Dis- 
solved. 

8Q8- 

pended. 

.2160 

.0480 

.0460 

.0020 

2.68 

.6000 

.0800 

0.88 

0.60 

.8640 

.1060 

.0060 

.0180 

2.06 

.5200 

.0820 

1.62 

1.16 

.8140 

.0080 

.0760 

.0280 

2.76 

.6800 

.0880 

1.02 

0.80 

.9000 

.0620 

.0600 

.0120 

2.67 

.6800 

.0820 

0.64 

0.61 

.8120 

.1040 

.0810 

.0230 

2.86 

.6200 

.0860 

0.08 

0.82 

.8680 

.2260 

.0880 

.1680 

2.80 

.1060 

.0420 

2.82 

2.27 

.2060 

.0640 

.0420 

.0220 

2.66 

.4760 

.0240 

0.74 

0.61 

.8020 

.1820 

.0680 

.0440 

2.78 

.4860 

.0880 

1.18 

0.04 

.8440 

.0740 

.0610 

.0180 

2.66 

.6160 

.0840 

0.67 

0.61 

.8600 

.1180 

.0770 

.0410 

2.82 

.4850 

.0260 

1.18 

1.10 

10 

.8680 

.1260 

.0870 

.0880 

2.80 

.4600 

.0260 

2.80 

1.94 

11 

.8440 

.0880 

.0710 

.0270 

2.72 

.4500 

.0800 

1.76 

1.47 

12 

rcMnroir  to  the  filtration  area.    Bach  sample  waa  made  up  of  equal  portions  collected  each  half  hoar. 
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Chemical  Examination  of  Sewage 

[FarU  par  100,000.] 


1 

S 

Data. 

Hour. 

Bate  of 
Flow. 

Oallons 

21  Hoars. 

Temper- 
ature. 

Deg.  F. 

1 
1 

RKSIDUB  Oa  EVAFOKATIOV. 

TOTAL  RKSIDUB. 

Loas  ox  loaiTios. 

Total. 

DIs- 
•olved. 

Sas- 
pended. 

TotaL 

aolTed.  pended. 

1 

26772 

1S9«. 

Apr.  16 

7.31  to  7.61  A.K. 

. 

t 

22.40 

19.50 

S.OO 

7.70 

6.60 

2.» 

2 

26773 

Apr.  15 

8.01  to  8.21  A.M. 

- 

- 

21.00 

20.00 

1.00 

6.80 

6.80 

o.se 

8 

26774 

Apr.  16 

8.80  to  11.00  A  JK. 

1,746,900 

45.6 

20.40 

20.20 

0.20 

7.80 

7.80 

0.00 

4 

26786 

Apr.  15 

11.80  a.m.  to  2.00  P.if. 

1,781,200 

46.0 

28.40 

28.80 

1.10 

0.20 

8.80 

0.90 

5 

26786 

Apr.  16 

2.80  to  4.60  p.m. 

2,198,100 

46.2 

21.80 

21.00 

0.80 

7.00 

6.70 

0.30 

6 

26708 

Apr.  16 

7.28  to  7.48  A.M. 

1,828,800 

46.0 

20.20 

19.80 

0.40 

6.00 

6.80 

0.9B 

7 

26799 

Apr.  16 

7.68  to  8.18  A.M. 

1,856,200 

46.1 

21.80 

20.10 

1.20 

8.10 

7.20 

0.9d 

8 

26800 

Apr.  16 

8.80  to  11.00  a.m. 

1,686,900 

45.6 

20.80 

20.00 

0.80 

8.80 

8.60 

0.81 

0 

26801 

Apr.  16 

11.80  A  Jl.to  2.00  p.m. 

1,639,500 

46.8 

20.50 

19.80 

0.70 

6.60 

6.40 

0.10 

10 

26809 

Apr.  16 

2.30  to  5.00  P.M 

1,608,900 

46.5 

26.40 

20.60 

6.80 

10.80 

7.80 

8.H 

11 

26824 

Apr.  17 

7.80  to  7.60  A.M. 

2,005,800 

- 

20.40 

18.30 

2.10 

7.60 

T.80 

0.9 

12 

26826 

Apr.  17 

8.00  to  8.20  A.M. 

2,837,100 

- 

25.50 

19.00 

6.50 

10.70 

6.00 

4.70 

18 

26826 

Apr.  17 

8.80  to  11.00  a.m. 

2,008,800 

- 

21.60 

19.50 

S.OO 

8.60 

8.60 

0.00 

14 

26841 

Apr.  17 

11  .80  a.m.  to  2.00  P.M 

1,732,300 

- 

21.10 

19.60 

1.60 

7.10 

6.00 

0.90 

15 

26842 

Apr.  17 

2.80  to  6.00  P.M. 

1,746,700 

46.0 

21.00  19.00 

2.00 

7.0Q 

6.70 

1.90 

16 

26861 

Apr.  18 

7.82  to  8.22  A.M. 

- 

44.6 

21.00   19.50 

1.60 

7.70 

6.60 

1.20 

17 

26862 

Apr.  18 

8.80  to  10.80  a.m. 

- 

- 

20.60  20.20 

0.40 

6.70 

1 

6.60 

0.10 

The  aaroplea  were  collected  from  a  manhole  at  the  end  of  the  force  main  aa  the  aewaga  irw  dl»> 
intenrala.    The  flnt  aamplea  each  day  repreaent  aewage  which  haa  remained  In  the  force  mala  for  aboat 


ChemiccU  EocamincUian  ofSffiuenl 


[Parta  per  100,000.] 

1 

« 

e 

to 

1 

Hour. 

• 

ArPBASAVOB. 

Odob. 

Turbidity. 

Sediment. 

1 

Cold. 

HoL 

1 

2 
8 

4 

6 

26881 
26882 
26838 

26834 
26847 

1800. 

April  17 

April  17 
April  17 
April  17 
April  17 

9.16  a.m. 
10.00  AM. 
11.00  A.M. 
12.00  M. 

8.15  PJi. 

V.  alight. 
V.  alight. 
V.  alight. 
V.  alight 
V.  alight. 

V.  aUght. 
V.  alight. 
V.  alight. 
V.  alight. 
V.  alight. 

• 

.07 
.10 
.08 
.07 
.07 

Faintly  mnaty. 
Faintly  moaty. 
Faintly  maaty. 
Faintly  maaty. 
Diatioetly  moaty. 

DiaUactly  wuty  tf^ 

dlaagTMaMa. 
DlatlaeUy  natty  aad 

diaagraeabla. 
DiatlneUyaraatyaad 

diaagreaahle. 
DtetiDeaymBityavi 

dlMgracaMe. 
DIadoeUy  meaty  ai4 

dIaagieaahlK. 

The  aamplea  were  collected  from  the  malB  oadaidraiB  tf 
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from  Me  FiUreUion  Area  at  Natiek, 

[Parte  par  100,000.] 


Ammonia. 

Chlorine. 

NiTBOOKN  AS 

OXTOKK  COKSUMBD. 

ALBUXIHOID. 

Nitrates. 

Nitrites. 

Unflltered. 

FUtered. 

Free. 

Total 

Dis- 
iolred. 

Sus- 
pended. 

.2640 

.1160 

.0500 

.0660 

2.78 

.8000 

.0560 

1.28 

0.80 

1 

.2720 

.1000 

.0520 

.0480 

2.78 

.8000 

.0260 

0.96 

0.78 

2 

.2600 

.0700 

.0480 

.0220 

2.60 

.6200 

.0280 

0.88 

0.60 

8 

.8620 

.0880 

.0720 

.0160 

2.80 

.6200 

.0800 

1.44 

1.02 

4 

.9020 

.0820 

.0680 

.0140 

2.66 

.4700 

.0860 

1.26 

1.10 

6 

.3120 

.1080 

.0680 

.0400 

2.74 

.8600 

.0600 

1.84 

1.26 

6 

.8200 

.1100 

.0680 

.0420 

9.75 

.8800 

.0600 

1.67 

1.28 

7 

.2160 

.0760 

.0500 

.0260 

2.70 

.4800 

.0400 

0.77 

0.61 

8 

.3040 

.0820 

.0660 

.0160 

2.88 

.4600 

.0840 

0.90 

0.77 

0 

.4000 

.2720 

.0780 

.1000 

2.85 

.1000 

.0620 

2.56 

0.03 

10 

.8800 

.0900 

.0550 

.0850 

2.80 

.8850 

.0700 

0.88 

0.64 

u 

.8200 

.5020 

.0610 

.5280 

2.72 

.8900 

.0500 

1.86 

0.61 

12 

.3200 

.1200 

.0400 

.0800 

2.62 

.4750 

.0860 

1.20 

0.70 

13 

.4160 

.1040 

.0740 

.0300 

2.88 

.4400 

.0260 

1.20 

0.86 

14 

.8840 

.1060 

.0760 

.0800 

2.87 

.4800 

.0840 

1.84 

1.44 

15 

.8280 

.1000 

.0520 

.0480 

2.76 

.8000 

.0440 

1.04 

0.74 

10 

.2720 

.0740 

.0470 

.0270 

2.70 

.4200 

.0800 

0.80 

0.58 

17 

charged  upon  the  fllter-beda.    The  samplee  were  made  np  of  equal  portlona  collected  at  frequent 
fourteen  hours. 


from  the  NcUick  Filler-beds, 


[Parts  per  100,000.] 


J 

Ammonia. 

NlTBOOBS  AS 

i 

• 

1 

Consiu 

• 

3 

1 

§1 

1 

• 

1 

• 

s 

4 

< 

Nitrates. 

Nitrites. 

18.20 

.0800 

.0126 

2.26 

.1860 

.0022 

.28 

4.6 

.0040 

1 

11.90 

.0600 

.0115 

2.24 

.2360 

.0026 

.21 

4.8 

.0080 

2 

18.30 

'       .0800 

] 

.0115 

2.20 

.2260 

.0024 

.22 

4.4 

.0080 

8 

18.50 

1       .0800 

.0116 

2.20 

.2150 

.0028 

.22 

4.4 

.0080 

4 

14.00 

1       .1060 

1 

.0150 

2.26 

.1400 

.0024 

.17 

4.8 

.0030 

6 

Us  outlet  while  sewage  was  btlng  applied  to  the  beds. 
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During  the  past  two  years,  frequent  analyses  of  samples  of  sewage 
collected  from  the  end  of  the  force  main  where  it  flows  on  the  beds, 
and  of  the  effluent  have  been  made.  The  yearly  averages  of  these 
results  are  given  in  the  following  tables :  — 

Yearly  Averages  of  Chemical  Examinaticms  of  Sewage  from  NaUck. 

[Parts  per  100,000.] 


RK8IDCB  OH  EVAPOBATION. 

AlCMOXIA. 

• 

i 

NiTSOOBH 
A0 

OXTCIX 

CoxsmiB. 

TOTAL  RBIIDITK. 

LOSS  OH  lOHITIOH. 

1 

ALBTTXIHOID. 

• 

1 

S 

g 

1 

• 

S 

1 

5 

1 

•3 
1 

it 

4 

^ 
n 

» 

1^ 

"8 

■ 

1 

|1 

^8 

4 

1 

2 

k 

1807 
1898 

26.90 
26.12 

24.76 
28.67 

2.24 
2.46 

8.14 
7.07 

6.06 
6.06 

1.10 

1.11 

.6801 
.7812 

.1686 
.1050 

.1060 
.1006 

.0606 
.0944 

3.03 
4.25 

I 

.2868 
.2116 

.017& 
.0400 

1 

1.21  1  .W 
'  1.19     .78 

• 

The  samples  were  collected  from  a  manhole  at  the  end  of  the  force  main  as  the  aewace  was  As- 
eharged  upon  the  filter-beds. 

Yearly  Averages  of  Chemical  Examinations  of  Effluent  from  the  Underdndn  of 

the  Naiick  FUter-beds, 

[Parts  per  100,000.] 


Tbab. 


Residue 

on 

Evaporation. 


1897,  . 

1898,  . 


10.68 
20.66 


AXMOHIA. 


Free. 


Albaminold.  '< 


.0320 
.0780 


.0134 
.0180 


Chlorine. 


8.46 
8.42 


NiTBOOBH  AS 


Nitrates. 


Slttrltes. 


.4450 
.6193 


.0092 
.0063 


Coo- 
SBia«L 


.28 

.24 


The  samples  were  collected  from  the  nnderdraln  at  the  point  where  It  discharges  Into  Bsniditsr 
Brook. 

The  purification  effected,  as  indicated  by  the  free  and  albuminoid 
ammonia  and  the  oxygen  consumed,  in  the  sewage  and  effluent,  is 
shown  in  the  following  table.  It  will  be  seen  that  the  efficiency  of 
these  beds  is  not  so  great  as  those  at  Framingham.  It  will  be 
noticed,  however,  that  the  effluent  from  the  Natick  beds  is  verr 
nearly  as  pure  as  the  effluent  from  the  Framingham  beds,  but  the 
sewage  applied  is  very  much  weaker. 

Purification  effected  by  (he  Naiick  Filters. 

[Parts  per  100.000] 


Fbbb  Axkovu. 

Total  Albvxihoio 

AUMOKIA. 

OxTcax  Cossann. 

Tbab. 

Sewage. 

Efflnent. 

Per 

Cent,  re- 

mored. 

Sewage. 

BflBaent. 

Per 
Cent,  re- 
moved. 

Sewsgv. 

1 

ElBueuL   Crat.  rv^ 

1    ttOTtA 

ItfvTi    •         •         ■ 
1896,  . 

.6891 
.7812 

.0320 
.0780 

04.4 
80.0 

.1636 
.1060 

.0134 
.0180 

01.8 
02.9 

1.21           .28           :«.6 
1.19           .M           19^ 
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Few  regular  observations  of  the  temperature  of  the  sewage  have 
been  made.  During  the  special  investigations,  the  results  of  which 
are  given  in  the  preceding  tables,  the  temperature  of  the  sewage  was 
observed  at  the  end  of  the  main  sewer,  at  the  pumps  and  at  the  fil- 
tration area.  The  results  of  these  observations  are  given  in  the 
preceding  tables.  The  temperature  was  also  observed  during  a  very 
cold  period  in  February  of  1899,  when  it  was  found  that  the  tem- 
perature of  the  sewage  as  it  entered  the  receiving  reservoir  was  53^, 
while  the  temperature  as  it  flowed  out  upon  the  filter-beds  was  47°. 

The  effluent  from  the  filter-beds  is  discharged  into  Bannister 
Brook,  which  is  tributary  to  the  Sudbury  River  below  the  point 
where  water  is  taken  for  the  supply  of  the  Metropolitan  District. 
The  brook  at  this  point  has  a  water-sbed  of  2.05  square  miles.  There 
is  no  population  in  the  immediate  vicinity  of  the  filter-beds  or  in  the 
vicinity  of  the  brook  below  the  point  where  it  receives  the  effluent, 
and  the  population  within  half  a  mile  of  the  filter  beds  is  only  about 
50.  Analyses  of  samples  of  water  from  Bannister  Brook  below  the 
point  where  it  receives  the  effluent  from  the  Natick  and  Framingham 
filter-beds  are  given  on  page  619. 


North  Brookfield. 

Estimated  population  in  1898,  5,093. 

North  Brookfield  is  situated  within  the  water-shed  of  the  Quaboag 
River.  A  large  proportion  of  the  population  is  situated  in  one  vil- 
lage, in  which  there  is  a  large  shoe  factory  employing  about  1,100 
persons.  The  sewerage  system  was  begun  in  1892,  and  at  first  the 
sewage  was  discharged  directly  into  a  brook  which  flowed  through 
the  village.  In  1893  the  main  sewer  was  extended  so  as  to  dis- 
charge the  sewage  by  gravity  upon  land  at  the  town  farm. 

The  town  is  provided  with  a  public  water  supply,  the  average 
daily  consumption  of  water  during  1898  being  155,000  gallons,  or 
about  30  gallons  per  capita.  The  total  length  of  sewers  in  use  at 
the  end  of  1898  was  1 .41  miles,  and  there  were  23  houses  connected 
with  the  sewers,  besides  the  shoe  factory  already  mentioned. 

The  system  is  designed  to  carry  only  house  sewage,  but  some  water 
from  the  roofs  of  the  shoe  factory  is  also  discharged  into  the  system 
at  present.  Only  a  small  quantity  of  manufacturing  sewage,  which 
comes  from  the  vats  in  the  treeing  room  of  the  factory,  enters  the 
sewers. 
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A  measarement  of  the  flow  of  sewage  was  made  on  Sept.  8  and  9, 
1898,  at  which  time  it  was  found  that  there  was  a  daily  flow  of 
50,000  gallons,  a  maximum  rate  of  68,000  gallons  per  day  and  a 
minimum  rate  of  34,000  gallons  per  day.  The  high  flow  during  the 
night  indicated  that  a  large  proportion  of  the  total  quantity  flowing 
during  the  day  was  from  leakage,  and  that  the  quantity  of  sewage 
proper  was  not  much  in  excess  of  16,000  gallons  per  day.  The 
temperature  of  the  sewage  varied  from  61°  during  the  minimam 
flow  at  night  to  63°  at  midday,  when  the  largest  quantity  of  sewage 
was  flowing. 

A  sample  of  sewage  composed  of  24  equal  portions  collected  hourly 
was  taken  for  analysis  at  the  same  time  the  measurement  was 
made,  and  the  results  are  shown  in  the  following  table :  — 

ChemiccU  Examination  of  Sewage  from  North  Brookfield, 

[PftfU  per  100,000.] 


Date  of 
CoUectiOD. 

Flow. 

OftUoni 

per 
24  Hours. 

Temper* 
ature. 

Deg.  F. 

RceiDDK  ON  EVAPOKATIOW. 

1 

a 

a 
9i 

TOTAL  BB8IDDB. 

LOM  ov  lonnoir. 

Total. 

DIs- 
•olved. 

ftos- 
pended. 

Total. 

Die-            8«- 
solTcd.       pcBdcd. 

24585 

1S98. 

Sept.  8, 9 

50,000 

82 

24.80 

18.60 

6.80 

18.10 

7.80 

5.90 

Chemical  Examination  of  Sewage  from  North  Brookfield — Concladed. 

[Parts  per  100,000.] 


Amuohia. 

Chlorine. 

NlTROOKX  AS 

OXTOKir  Oosscvxs- 

i 

1 

J25 

Free. 

ALBUMINOID. 

Nitrates. 

Nitrites. 

Unaltered. 

Total. 

Dis- 
Bolred. 

SOB- 

pended. 

ratend. 

24585 

1.5000 

.8200 

.1800 

.1000 

2.40 

.0000 

.0000 

4.40 

8.08 

The  sample  was  collected  from  the  sewer  as  it  entered  the  siphon  tank,  and  was 
equal  portions  collected  hourly. 


eoapossdof  ii 


In  order  to  reach  the  disposal  area  it  is  necessary  for  the  sewer  to 
cross  the  valley  of  a  brook,  and  sewage  is  conveyed  across  this  val- 
ley by  means  of  an  inverted  siphon,  at  the  upper  end  of  which  id  a 
screen  chamber  and  siphon  tank.  The  screens  are  composed  of  iron 
bars  with  an  open  space  between  them  of  one  inch,  the  total  area 
of  the  screen  varying  from  nothing,  when  the  tank  is  empty,  to 
30  square  feet,  when  the  tank  is  full.     When  the  screens  become 
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clogged,  the  sewage  rises  and  flows  over  the  top  of  the  screens  into 
the  tank.  The  screens  are  cleaned  about  once  a  month  and  the 
screenings  removed  in  a  cart  to  the  town  farm,  where  they  are  used 
as  a  fertilizer.  The  total  amount  removed  during  the  year  is  said 
to  be  about  eight  cartloads.  The  tank,  which  is  built  of  masonry, 
has  a  capacity  of  6,000  gallons.  The  tank  is  emptied,  when  full, 
through  a  siphon  which  operates  automatically,  discharging  its  con- 
tents into  the  inverted  siphon.  The  inverted  siphon  is  constructed 
of  cast-iron  pipe  10  inches  in  diameter  and  is  1,580  feet  in  length. 
At  the  lowest  point  in  the  siphon,  which  is  about  25  feet  below 
the  upper  end,  a  blow-off  is  provided  through  which  the  contents 
of  the  pipe  can  be  discharged  into  a  brook.  This  blow-off  is  opened 
about  four  times  a  year,  at  times  of  high  flow.  The  difference  in 
elevation  between  the  two  ends  of  the  siphon  is  3.75  feet. 

The  sewage  is  distributed  upon  sandy  land  belonging  to  the  town 
farm.  The  area  upon  which  the  sewage  is  applied  contains  about 
20J  acres,  its  average  elevation  above  the  brook  which  flows  near  it 
is  about  20  feet,  and  it  has  a  general  slope  toward  the  brook  of  about 
5  feet  in  100  feet.  The  surface  is  covered  with  soil  and  subsoil  to  a 
depth  of  about  2  feet,  none  of  which  has  been  removed.  The  character 
of  the  sand  beneath  this  subsoil,  as  indicated  by  analyses  of  samples 
collected  in  1893,  is  as  follows :  — 


MUMBBK  or  TK8T  PlT. 

1. 

S. 

S. 

4.       ,     5. 

6. 

7. 

Effective  lire  (mlllimeteri),         .       .       • 

Uniformity  eoelBoleDt, 

Albuminoid  emmonla  (parte  per  100,000), . 

0.188 
8.8 
84.8 

0.148 

8.2 

0.0 

0.182 

6.8 

8.7 

0.110 

4.8 

2.0 

0.115 

8.6 

1.0 

0.115 

6.1 

8.6 

0.148 

4.0 

2.0 

The  sewage  is  distributed  over  the  area  from  the  carrier  which  is 
laid  along  the  highest  portion  of  the  area.  During  the  year  1898  grass 
was  raised  on  about  17  acres  of  the  area  and  corn  upon  the  remain- 
der. The  land  is  said  to  absorb  the  sewage  without  any  difliculty 
during  the  summer  months,  but  during  the  winter,  when  the  surface 
of  the  ground  is  frozen,  much  of  the  sewage  finds  its  way  over  the 
slopes  into  the  brook  without  purification. 

The  brook  opposite  the  disposal  area  has  a  water-shed  of  1.2  square 
miles,  and  at  a  point  below  the  disposal  area  it  has  a  water-shed  of 
1.7  square  miles.     It  flows  for  about  3.5  miles  through  practically 
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uDpopuIated  territory  and  empties  into  the  Quaboag  River.  The 
land  upon  which  the  sewage  is  discharged  is  naturally  very  poor, 
but  it  is  said  that  the  amount  of  hay  obtained  from  it  since  the 
sewage  has  been  applied  is  more  than  double  the  amount  which  was 
obtained  previously.  The  crop  of  corn  has  also  been  very  satisfac- 
tory, the  amounts  obtained  being  increased  25  per  cent,  by  the 
application  of  the  sewage.  The  population  in  the  vicinity  of  the 
area  is  very  small.  There  are  six  dwelling-houses  within  a  radius 
of  half  a  mile,  and  the  total  population  within  this  distance  is  about 
40,  including  the  persons  living  at  the  town  farm. 

Spencee. 

• 

Estimated  population  in  1898,  6,934. 

The  town  of  Spencer  is  situated  largely  within  the  water-shed  of 
the  Quaboag  River.  The  greater  part  of  the  population  of  the  town 
is  contained  in  the  village  of  Spencer,  in  which  there  are  several 
shoe  factories. 

A  public  water  supply  was  introduced  into  the  town  in  1883  and 
is  now  in  general  use  in  the  village  of  Spencer,  but  no  records  are 
kept  of  the  quantity  of  water  used. 

The  construction  of  the  sewerage  system  was  begun  in  1883,  the 
sewage  being  discharged  directly  into  the  Seven  Mile  River,  one  of 
the  branches  of  the  Quaboag  River,  from  two  sewer  outlets,  one  of 
which  serves  only  a  small  population.  Works  for  purifying  the 
sewage  formerly  discharged  into  the  river  from  the  principal  outlet 
were  constructed  in  1897.  Previous  to  the  construction  of  the  sew- 
age-disposal works,  the  system  received  a  considerable  quantity  of 
storm  water  through  catch  basins  in  some  of  the  principal  streets, 
but  it  is  said  that  all  of  these  basins  have  now  been  disconnected  and 
the  sewers  receive  only  a  limited  quantity  of  water  from  roofs  and 
cellars  in  addition  to  the  house  sewage  and  leakage.  No  nnder- 
drains  have  been  built  beneath  the  sewers. 

At  the  end  of  the  year  1898  the  principal  sewer  system  consisted 
of  9.5  miles  of  sewers,  with  which  there  were  about  480  connections. 
Very  little  information  is  available  as  to  the  quantity  of  sewage  flowing 
in  the  main  sewer.  Two  measurements,  each  of  which  extended  over 
a  period  of  twenty-four  hours,  have  been  made  by  the  engineers  of  the 
Board :  the  first  on  June  14  and  15,  1898,  when  the  flow  was  found 
to  be  374,000  gallons  per  day,  and  the  second  on  August  3  and  4, 
1899,  when  the  flow  was  371,000  gallons  per  day.     These  measure* 
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ments  probably  represent  about  the  average  flow  during  the  year. 
The  minimum  rate  of  flow  during  the  first  measurement  was  281,000 
gallons  per  day,  at  4  a.m.,  and  the  maximum  rate,  506,000  gallons, 
at  12.30  P.M.  The  minimum  rate  during  the  second  measurement 
was  292,000  gallons  per  day  at  I  a.m.,  and  the  maximum,  460,000 
gallons  at  7.30  a  m.  and  11.30  a.m.  The  average  daily  flow,  372,000 
gallons,  is  equivalent  to  a  flow  of  54  gallons  per  capita,  827  gallons 
per  connection  and  39,200  gallons  per  mile  of  sewers.  It  is  probable 
that  the  flow  during  wet  weather  is  very  large,  and  several  storm 
overflows  have  been  placed  on  the  main  sewer  line. 

The  filtration  area  is  located  beside  the  Seven  Mile  River,  about 
half  a  mile  below  the  point  where  sewage  was  formerly  discharged 
directly  into  the  stream.  In  constructing  the  main  sewer  from  the 
town  to  the  filtration  area  it  was  found  desirable  to  lay  the  pipe  below 
the  hydraulic  grade  line,  and  at  this  place  an  inverted  siphon  was  con- 
structed of  iron  pipe.  At  the  beginning  of  the  inverted  siphon 
there  is  a  screen  chamber  containing  screens  of  flat  bars  of  wrought 
iron  having  an  open  space  between  them  of  |  of  an  inch.  The 
total  screen  area  is  64  square  feet,  and  the  screens  are  so  arranged 
that  when  they  are  clean  the  sewage  flows  through  the  bottom,  but 
as  they  become  clogged  the  sewage  is  backed  up  in  the  screen 
chamber,  until  finally,  if  the  clogging  material  is  not  removed,  the 
sewage  backs  up  so  as  to  flow  over  a  dam  in  a  diverting  manhole 
just  back  of  the  screen  chamber,  from  which  it  flows  through  the 
former  sewer  outlet  into  the  Seven  Mile  River.  The  screens  are 
ordinarily  cleaned  twice  a  day,  the  material  removed  being  com- 
posted, but  it  frequently  happens  that  the  screens  become  sufficiently 
clogged  before  they  are  cleaned  to  cause  the  sewage  to  overflow  into 
the  river. 

From  the  screen  chamber  the  sewage  enters  the  inverted  siphon, 
which  is  constructed  of  cast-iron  pipe  12  inches  in  diameter,  the 
total  length  being  3,127  feet.  The  difierence  in  elevation  between 
the  two  ends  is  16.8  feet,  and  there  are  two  depressions  at  the 
lowest  points  in  which  blow-ofi*s  have  been  constructed,  through 
which  sewage  can  be  discharged  on  special  beds  which  have  been 
prepared  for  the  purpose.  The  blow-offs  are  said  to  be  used  fre- 
quently. 

The  filtration  area  is  located  about  a  mile  below  the  village  of 
Spencer  and  near  the  line  between  Spencer  and  Brookfield.  The  total 
area  of  land  owned  by  the  town  for  filtration,  purposes  is  22.25  acres. 
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On  this  area  12  beds  have  been  prepared,  haying  a  combined  area  of 
9.31  acres,  or  an  average  area  of  0.78  of  an  acre.  The  largest  bed 
has  an  area  of  0.99  of  an  acre,  while  the  smallest  bed  has  an  area  of 
0.31  of  an  acre.  The  original  contour  of  the  area  was  yery  uneven, 
consisting  of  gravel  knolls  with  some  low  swampy  places  in  which 
the  material  was  not  suitable  for  filtration  purposes.  The  beds  were 
prepared  by  removing  all  of  the  soil  and  subsoil  and  using  the 
gravelly  material  of  which  the  knolls  were  composed  for  the  cod« 
struction  of  beds  in  the  low  places.  The  soil  is  very  coarse  and 
porous,  and  no  general  system  of  underdrainage  has  been  provided. 
In  three  of  the  beds,  situated  at  the  southerly  end  of  the  field,  the 
ground-water  level  was  quite  near  the  surface,  and  these  beds  have 
been  underdrained  by  lines  of  pipe  placed  about  60  feet  apart  at  a 
depth  of  6  feet  beneath  the  surface. 

The  character  of  the  filtering  material  in  each  of  the  beds  has  been 
determined  by  analyses  of  samples  collected  at  different  depths.  The 
averages  of  the  results  are  given  in  the  following  table :  — 


ErPBCTIVB  SI7.S 
(MlLUMKTBBS). 

UnFOIMITT  C0E9riCIB«T. 

Albcviiioio  Avvohu 
(Pabtb  pkb  100^). 

Dkpth 
Bblow  Soktaox 

(FtBT). 

1 

• 

• 

a 
§ 

1 

1 

• 

a 

1 

¥ 

• 

§ 

8 

Average. 

a 

s 

a 

Surface, 

.84 

.66 

.18 

10.0 

10.6 

4*0 

28.9 

91.2         2.1 

0.25,     .... 

.29 

.48 

.12 

10.0 

20.0 

4.0 

18.1 

51.8 

4.2 

0.6,       .... 

.81 

.4T 

.10 

8.8 

16.6 

4.1 

1A.6 

4«.8 

8.0 

1.0 

.24 

.41 

.08 

9.7 

20.8 

2.5 

8.8 

24.0 

2.2 

2.6,       .... 

.18 

.26 

.06 

4.2 

T.l 

2.0 

8.1 

6.9 

1.0 

4.0 

.00 

.06 

.06 

2.6 

2.6 

2.5 

2.8 

2.8 

i.l 

Sewage  is  discharged  on  the  beds  from  manholes  at  the  comers, 
from  which  it  is  conveyed  through  ditches  constructed  at  the  foot  of 
the  inside  slopes  of  the  embankments  between  the  beds  and  discharged 
at  various  points  along  the  edges  of  the  beds.  The  method  of  oper« 
ating  the  beds  is  ordinarily  to  allow  the  entire  flow  of  sewage  daring 
the  morning  to  be  discharged  on  one  bed ;  in  the  afternoon  the  flow 
is  diverted  to  a  second  bed,  while  the  night  flow  is  discharged  upon 
a  third  bed.  The  beds  are  used  in  rotation,  so  that  they  receive 
sewage  once  in  four  days.  The  amount  of  sewage  purified  per  acre 
on  three  beds,  at  the  time  the  measurements  of  flow  were  made,  was 
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40y000  gallons  per  day.  At  times  of  high  flow  the  rate  is  consider- 
ably more  than  this,  but  the  capacity  of  the  beds  has  never  been 
reached.  The  soil  is  so  porous,  that  certain  portions  of  the  beds  do 
not  ordinarily  receive  any  sewage,  although  the  sewage  is  discharged 
at  several  points.  The  beds  are  raked  only  twice  each  year,  but 
crops  are  raised  on  some  of  them  and  those  beds  are  hoed  occasionally. 
The  material  is  so  coarse  that  no  difficulty  is  experienced  in  dispos- 
ing of  the  sewage  in  winter. 

At  the  time  that  the  measurement  of  flow  was  made  in  1898, 
samples  of  sewage  were  collected  for  analysis  at  frequent  intervals 
during  the  day.  The  results  of  these  analyses  are  given  in  the  fol- 
lowing table :  — 

Chemical  Examinalion  of  Sewage  from  Spencer. 

[Parts  per  100,000.] 


Date. 

Hoar. 

Rate  of 

Flow. 

Gallons 

per 
24  Hoars. 

Temper- 
store. 

Deg.  F. 

RK8IDUS  ON  EYAPORATIOV. 

1 

TOTAL  EKSinUB. 

L089 

ok  IGMITIOir. 

Total. 

Dis- 
solved. 

Sas- 
pended. 

Total. 

Dis- 
solved. 

Sus- 
pended. 

28661 

1S98. 

June  14 

12.00  and  1.00  p.m. 

482,800 

62 

28.10 

10.70 

8.40 

18.00 

6.40 

7.60 

33502 

Jane  14 

2.00  and  3.00  p.v. 

447,800 

61 

87.10 

24.30 

12.80 

20.80 

8.90 

11.00 

S8608 

June  14 

4.00  and  6.00  p.m. 

442,600 

61 

20.40 

20.40 

0.00 

4.70 

4.70 

0.00 

88604 

Jane  14 

6.00  and  7.00  p.m. 

806,000 

61 

21.50 

17.00 

8.60 

7.60 

4.00 

8.50 

88666 

Jane  14 

8.00  and  0.00  p.x. 

860,700 

60 

24.60 

18.40 

6.10 

10.00 

4.70 

6.80 

23666 

Jane  14 

10.00  and  11.00  P.x. 

887,200 

60 

21.00 

16.60 

6.50 

9.00 

4.00 

5.00 

88567 

Jane  14 

12.00  and  1.00A.1C. 

206,500 

60 

18.40 

12.60 

0.90 

2.60 

2.60 

0.00 

28668 

Jane  15 

2.00  and  8.00  aji. 

284,700 

60 

18.20 

12.00 

0.80 

8.10 

2.80 

0.80 

28686 

June  16 

4.00  and  6.00  a.m. 

284,200 

60 

12.20 

12.00 

0.20 

8.00 

2.80 

0.20 

38686 

Jane  16 

6.00  and.  7.00  a.m. 

868,000 

60 

16.00 

18.00 

1.10 

8.80 

2.80 

0.50 

88587 

Jane  16 

8.00  and  0.00  AJI. 

421,800 

68 

29.80 

19.40 

10.40 

16.10 

6.40 

8.70 

88688 

Jane  16 

10.00  and  11.00  A.M. 

867,000 

67 

44.00 

25.00 

10.90 

25.80 

7.50 

17.80 

Averaiffe, 

878,600 

- 

26.80 

10.10 

6.20 

10.40 

4.00 

6.60 
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Chemieal  Examination  of  Seumge  from  Spencer —  Concluded. 

[PaiU  per  100,000.] 


Ammomia. 

Chlorine. 

MXTtOOBH  AS 

OxTosH  Coimmft. 

1 

a 

Free. 

ALBUMIHOID 

. 

Nitrates. 

Nltrttu. 

UnJUtered. 

Total, 

Dis- 
•olved. 

Sus- 
pended. 

Flttend. 

28M1 

2.1000 

.5200 

.2100 

.8100 

4.22 

.0010 

.0000 

S.14 

1.81 

28602 

2.0000 

.6200 

.2600 

.2600 

4.67 

.0020 

.0000 

4.46 

2.66 

28M8 

2.0000 

.4100 

.2100 

.2000 

10.18 

.0020 

.0000 

2.91 

1.70 

28564 

1.0000 

.2800 

.1400 

.0900 

4.20 

.0010 

.0000 

1.T9 

1.16 

23605 

1.8600 

.8000 

.1800 

.2100 

8.87 

.0020 

.0000 

2.24 

l.« 

23500 

1.1000 

.2800 

.1800 

.1000 

2.86 

.0020 

.0000 

1.92 

1.28 

28607 

0.6000 

.1160 

.0600 

.0660 

2.60 

.0860 

.0120 

0.64 

0.56 

23608 

0.2400 

.0520 

.0860 

.0160 

2.40 

.1200 

.0160 

0.48 

0.40 

28686 

0.1800 

.0600 

.0220 

.0280 

2.40 

.1640 

.0180 

0.88 

O.SS 

28680 

0.0800 

.1200 

.0660 

.0640 

8.01 

.0490 

.0280 

0.90 

0.46 

28687 

2.6600 

.6800 

.2700 

.4100 

8.06 

.0020 

.0000 

8.86 

i.n 

28688 

2.6000 

.6600 

.8200 

.2800 

6.06 

.0010 

.0000 

S.71 

2.00 

Av... 

1.1850 

.8500 

.1700 

.1800 

4.40 

.0280 

.0080 

2.34 

1.81 

The  aamplea  were  ooUected  as  the  sewage  flowed  out  upon  the  fllter>beda.  Each  sample  was  eoa* 
posed  of  2  equal  portions  oolleoted  hourly. 

Analyses  of  samples  of  sewage  and  of  effluent  from  the  three  beda 
which  are  underdrained  have  been  made  frequently  during  the  year 
1898,  the  average  results  of  which  are  given  in  the  following  tables :  — 


Average  of  Chemical  Examinations  of  Sewage  from  Spencer. 

[Parts  per  100,000.] 


RBSIDCB  on  EVAPOBATIOy. 

Amvonia. 

i 

1 

6 

KtTBOOBV 

AS 

OxTcsir 

COBSCBIS. 

TOTAL  aXSIDDB. 

LOSS  OW  lOKITION. 

1 

Free. 

albdxiwoid. 

i 
s 

• 

1 

•6 

1 

c 

B 
C3 

i 

Z 

51 

si 

1 

1^ 
«1 

^1 

it 

4 

1898 

28.47 

18.97 

9.50 

14.44 

e.iM 

8.20 

1.4529 

.4803 

.2817 

.2686 

4.05 

.010 

.0190 

1 

2.M  :  IM 

The  samples  were  collected  as  the  sewage  flowed  out  upon  the  flltcr-beda. 
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Average  of  Chemical  Examinations  of  Effluent  from  the  Sewage  FiUralion  Area 

at  Spencer. 

[ParU  per  100,000.] 


ll 

15    1 

Ammokia. 

Chlorine. 

NlTBOOXM  AS 

OXTOKM  CONSUMKO. 

TSAB. 

free* 

Alba- 
mlnold. 

Nitrates. 

Nitrites. 

Unflltered. 

Filtered. 

1898,    .        .        . 

18.77 

.8669 

.0411 

3.19 

.9618 

.0511 

.46 

- 

The  samples  were  coUeoted  from  the  nDderdraln  beneath  bed  "  J." 

The  pari6cation  effected,  as  indicated  by  the  amouDt  of  free  and 
albuminoid  ammonia  and  oxygen  consumed  in  the  sewage  and  efflu- 
ent, is  shown  in  the  following  table.  The  underdrains  receive  but 
little  ground  water,  so  that  the  samples  collected  from  the  underdrains 
represent  sewage  effluent  diluted  with  but  little  ground  water. 

Purification  effected  by  the  Sewage  Fillers  cU  Spencer, 

[Parts  per  100,000.] 


FsBK  Ammokia. 

Total  Albcmikoid 

AMMONIA. 

OzroBir  CosrsuMBD. 

Tkam. 

Sewage. 

Efflaent. 

Per 

rent,  re- 
moved 

Sewage. 

Efflaent. 

Per 
Ceni.  re- 
moved. 

Sewage. 

Effluent. 

Per 
Cent,  re- 
moved. 

1898,  . 

1.4629 

.2069 

81.6 

.4908 

.0411 

91.6 

'      2.84 

! 

.45 

84.2 

A  crop  of  corn  has  been  raised  on  some  of  the  beds,  but  the  crops 
have  not  been  a  success,  as  the  quantity  of  sewage  received  has  not 
been  sufficient  in  dry  weather  to  properly  irrigate  the  corn.  The 
cost  of  maintaining  the  beds  during  1898  was  $890.43,  while  the 
amount  received  from  the  sale  of  the  corn  was  $40.72,  making  the 
net  cost  of  operation  $849.71. 

The  effluent  finds  its  way  into  the  Seven  Mile  River,  which  has  a 
water-shed  at  this  point  of  38  square  miles.  There  is  a  population 
of  about  45  within  half  a  mile  of  the  filtration  area. 


Westbobough. 

Estimated  population  in  18^8,  5,259. 

The  tow^n  of  Westborough  is  situated  within  the  water^sheds  of 
the  Sudbury  and  Assabet  rivers,  the  principal  part  of  the  thickly 
built  up  portion  of  the  town  being  within  the  water-shed  of  the  Sud- 
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bury  River  above  the  point  where  water  is  taken  for  the  supply  of 
the  Metropolitan  District. 

The  principal  manufacturing  establishments  are  shoe  factories  and 
straw  factories,  the  former  discharging  very  little  sewage,  while  the 
latter  discharge  a  considerable  quantity  of  spent  dyes  into  the  sewers. 
The  town  is  provided  with  a  public  water  supply,  which  was  intro- 
duced in  1879,  and  water  from  the  public  works  is  now  very  gener- 
ally used  throughout  the  village  of  Westborough. 

The  sewerage  system  was  constructed  in  1892,  a  portion  of  the 
cost  of  construction  being  paid  by  the  city  of  Boston,  in  considera- 
tion of  removing  the  sewage  from  the  water-shed  of  the  Sudbury 
Biver.  Sewage  is  collected  in  pipe  sewers  and  conveyed  in  a  main 
sewer  15  inches  in  diameter  and  about  1.7  miles  in  length  to  the 
filtration  area  in  the  valley  of  the  Assabet  River.  The  system  is 
designed  to  receive  sewage  only,  but  a  few  cellars  have  been  con- 
nected with  the  sewers  in  a  wet  district. 

At  the  end  of  the  year  1898,  5.4  miles  of  sewers,  including  the 
main  sewer,  had  been  constructed,  and  there  were  194  connections 
with  the  sewer  system,  which  may  be  roughly  classified  as  follows :  — 

Residences,         ...........  149 

Business  blocks, 28 

Factories, 9 

Hotels, 4 

Miscellaneous, 4 

Total  connections, J        •      194 

No  records  are  kept  of  the  quantity  of  sewage  flowing  in  the 
sewers,  but  several  measurements  have  been  made  by  the  engineers 
of  the  Board,  the  results  of  which  indicate  that  there  is  a  great 
variation  in  the  flow  throughout  the  year.  The  results  of  occasional 
measurements  which  have  been  made  of  the  flow  from  the  main 
sewer  at  the  filtration  area  are  given  in  the  following  table :  — 


DATS. 


DayofWMk. 


Hour. 


Batcorriofv 
per  SI  Bows). 


April  1, 1898,  .       .       .       . 

July  U,  1898 

Oct.  10, 1808,  .        .       •       . 
Oet.  26,1898,  .       .       .       . 

Not.    1,1898 

April  8,  1899,  .... 
April  4, 1899,   .... 


Friday,  • 
Friday, 

Monday,  . 
Wedoeaday, 

Taeaday,  . 

Monday,  . 

Tueaday,  . 


12  X. 

12  X.  and  8  p.] 

10.80  A.M. 

10-11  AX. 

13.80  P.X. 

4.S0  P.K. 

9  a  X. 

1.80  PJi. 

6.S0PJI. 


n:.i 

SM,oe» 

40ft,oeo 

7tt.a» 
«ss,ooa 
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The  main  sewer  from  the  town  to  the  filtration  area  was  constructed 
through  land  which  was  very  wet  and  there  is  a  large  amount  of 
leakage  into  the  sewer,  especially  when  the  level  of  the  ground 
water  is  high.  Measurements  were  made  April  3  and  4, 1899,  of  the 
flow  at  different  points  in  this  sewer,  in  order  to  ascertain  the  amount 
of  leakage  in  the  various  sections.  It  was  found  that  in  3,010  feet 
of  the  15-inch  sewer  the  leakage  was  at  the  rate  of  611,000  gallons 
per  day,  or  1,072,000  gallons  per  day  per  mile  of  sewer. 

The  filtration  area  is  located  near  the  Assabet  River,  about  a  mile 
north-west  of  the  central  portion  of  the  village  of  Westborough. 
The  sewage  is  received  at  the  filtration  area  in  a  screen  chamber, 
where  it  is  passed  through  screens  of  diamond  mesh  having  an  area 
of  40  square  feet,  and  through  two  small  tanks  having  a  combined 
capacity  of  675  gallons.  In  order  to  clean  the  screens  it  is  necessary 
to  remove  them.  The  solid  matter  which  accumulates  in  the  tanks 
is  discharged  in  a  sludge  pit  near  the  screen  chamber,  where  it  is 
allowed  to  dry  and  is  then  removed  and  composted.  During  the 
winter  and  spring  the  screens  are  removed  and  the  tanks  are  not 
emptied,  so  that  everything  received  from  the  sewers  is  discharged 
on  the  beds. 

From  the  tanks  the  sewage  is  discharged  upon  four  prepared  fil- 
ter-beds and  into  a  large  hole  which  has  been  formed  by  excavating 
material  for  the  construction  of  the  filter-beds.  The  filter-beds  have 
a  combined  area  of  3.9  acres,  and  the  pit  an  area  of  0.33  of  an  acre. 
Two  of  the  filter-beds  were  prepared  to  receive  sewage  by  the  re- 
moval of  the  soil  and  subsoil  and  the  addition  of  from  1  to  3  feet  of 
gravel.  The  material  beneath  the  subsoil  was  very  fine  and  almost 
impervious  to  water,  but  the  material  placed  on  the  surface  of  the 
beds  was  coarse  and  porous.  These  beds  are  underdrained  by  two 
lines  of  pipe  laid  75  feet  apart.  The  other  two  beds  were  constructed 
of  material  found  in  the  vicinity,  most  of  which  was  very  fine.  These 
beds  are  underdrained  by  lines  of  pipe  50  feet  apart,  laid  at  depths 
of  from  3  to  5  feet  beneath  the  surface.  The  pit  into  which  sewage 
is  discharged  was  formed  by  removing  the  material  for  the  two  filter 
beds  last  described.  This  pit  is  usually  kept  nearly  full  of  sewage, 
the  sewage  standing  sometimes  at  a  depth  of  6  feet- 
Daring  the  winter  the  beds  receive  very  little  attention,  and  at 
times  of  high  flow  the  sewage  stands  on  the  beds  for  long  periods. 
It  is  said  that  much  unpurified  sewage  has  been  discharged  into  the 
Assabet  River  at  times  of  high  flow. 
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Considerable  trouble  has  been  experienced  from  the  growth  of  the 
fungus  leptomitus  in  the  main  sewer.  This  organism  grows  on  the 
inside  of  the  pipes,  and  has  been  present  in  such  quantities  that  at 
times  the  sewer  has  been  clogged,  and  it  has  been  necessary  to  scrape 
the  growth  from  the  inside  of  the  sewer.  The  organism  is  found 
only  in  the  portion  of  the  sewer  in  which  the  leakage  occura  and  is 
not  found  in  other  parts  of  the  system  above  this  portion,  and  its 
growth  appears  to  be  in  some  way  associated  with  the  presence  of 
the  large  quantity  of  ground  water  which  enters  the  sewer  between 
the  town  and  the  filtration  area.  When  the  flow  of  sewage  is  in- 
creased, large  masses  of  this  fungus  are  detached  from  the  pipes 
and  carried  to  the  filter-beds.  During  the  winter  and  spring  the 
sewage  is  not  screened,  and  at  such  times  the  organism  tends  to 
clog  the  surfaces  of  the  filters. 

The  effluent  and  the  unpurified  sewage  are  discharged  into  the 
Assabet  River,  which  has  a  water-shed  at  this  point  of  9.1  square 
miles.  There  is  no  population  in  the  immediate  vicinity  of  the 
filter-beds  or  of  the  river  below  the  filter-beds.  There  is  a  popula- 
tion within  half  a  mile  of  the  filtration  area  of  about  35. 

Works  are  now  (1899)  in  process  of  construction  which  will  pro- 
vide for  the  proper  purification  of  the  sewage  of  Westboroogh.  Five 
new  filter-beds  are  being  constructed,  having  a  combined  area  of 
about  3  acres,  and  two  of  the  old  beds  are  being  reconstructed  with 
suitable  material  properly  underdrained .  A  section  of  the  main  sewer 
in  which  the  largest  leakage  occurred  is  being  replaced  by  iron  pipe. 
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The  following  report  embraces  the  operations  of  the  Board  under 
the  provisions  of  the  food  and  drug  acts  of  1882,  and  of  such  amend- 
ments as  have  been  enacted  since  that  time. 

Earlier  investigations  made  under  the  direction  of  the  Board 
having  shown  that  a  very  considerable  ratio  of  certain  articles  of 
food  and  of  drugs  in  common  use  was  found  to  be  adulterated,  the 
law  ot  1882  was  enacted  for  the  protection  of  the  community.  One 
of  the  results  of  this  investigation  was  the  proof  that  the  adultera- 
tions in  common  use  were  mainly  of  a  commercial  and  not  of  a 
harmful  character.  The  staple  articles  of  food,  including  the  prin- 
cipal cereals,  with  sugar,  and  very  many  other  useful  and  nutritious 
kinds  of  food  are  almost  never  adulterated,  so  that  the  actual  ratio 
of  adulteration  is  limited  to  a  minor  portion  of  the  food  supply. 

The  public  is  often  led  to  believe  the  contrary  by  means  of 
alarming  and  sensational  statements  in  the  newspapers,  such  as  have 
recently  appeared,  but  actual  inspection  does  not  confirm  these 
statements.  For  example,  a  recent  statement  circulated  through- 
out the  country  a£Srmed  that  wheat  flour  was  being  largely  adulter- 
ated, and  in  many  instances  by  injurious  substances.  A  collection 
of  many  samples  of  flour  from  different  parts  of  the  State  was  made 
by  the  inspectors,  the  result  of  which  showed,  on  examination,  that 
only  five  samples  consisted  of  anything  except  pure  wheat  flour,  and 
in  these  instances  the  addition  consisted  of  a  small  quantity  only 
of  com  meal. 

The  value  of  the  food  supply  of  a  State,  however,  is  so  great  as  to 
warrant  a  continuous  watch  over  its  quality,  since  the  few  articles 
which  are  liable  to  adulteration  are  of  sufficient  consequence  and 
value  to  require  constant  supervision  to  prevent  the  occurrence 
of  fraud.  New  and  ingenious  methods  of  adulteration  frequently 
make  their  appearance  and  demand  the  exercise  of  watchfulness  on 
the  part  of  the  officials  charged  with  the  execution  of  the  law. 

The  actual  cost  of  the  food  supply  of  the  population  may  be  de- 
termined approximately  by  observation  among  different  classes  of 
people.  The  Bureau  of  Labor  Statistics,  in  an  article  by  Prof. 
W.  O.  Atwater  (Report  of  1886,  page  323)  states  the  average  cost 
of  the  daily  ration,  by  observation  of  very  many  dietaries  of  per- 
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sons  of  different  occupations,  at  twenty-five  cents.  This  does  not 
include  luxuries,  but  the  common  forms  of  animal  and  vegetable 
food  necessary  for  the  support  of  life  in  a  healthy  condition. 

The  daily  ration  of  two  and  one-half  millions  of  people  upon  this 
basis  would  be  worth  $625,000,  and  the  yearly  cost  $228,125,000. 
If  only  one-fourth  of  this  amount  represents  the  value  of  the  articles 
which  are  liable  to  adulteration,  the  comparatively  small  sum  which 
the  State  annually  appropriates  for  the  work  of  careful  inspection 
constitutes  a  good  investment. 

The  articles  most  liable  to  adulteration  are  milk,  butter,  spices, 
coffee,  syrups  and  molasses,  cream  of  tartar,  honey,  vinegar,  jellies 
and  jams,  olive  oil,  and  certain  kinds  of  canned  goods. 

The  force  employed  under  the  direction  of  the  Board  for  the  pur- 
pose of  food  and  drug  inspection  during  the  year  ending  Sept.  30, 
1898,  was  as  follows :  — 

Dr.  Charles  P.  Worcester,* Analyst, 

Prof.  C.  A.  GoESSMANK,    ....        ...  AnalynL 

Albert  £.  Leach,  S.B., AasisUmt  AnaiytL 

Hermann  C.  Ltthooe,  S.B., Assisiani  AnafyU, 

John  F.  McCaffrey,  Inspector. 

John  H.  Terrt, irurpector. 

Horace  F.  Davis, Inspector. 

Thomas  O.  Allen, Inspector. 

The  number  of  samples  of  food  and  drugs  examined  during  the 
year  is  shown  in  the  following  summary :  — 

Number  of  samples  of  milk  examined, 6,847 

Number  of  samples  above  standard, 4^807 

Number  of  samples  below  standard, 1,940 

Percentage  of  adulteration  or  deficiency, 81.1 

Number  of  samples  of  other  kinds  of  food  (not  milk),        .  8,788 

Number  of  samples  above  standard, 8^888 

Number  of  samples  below  standard,     .        .        ....  500 

Percentage  of  adulteration, 18.4 

Number  of  samples  of  drugs  examined, SIS 

Number  of  samples  of  good  quality, 681 

Number  of  samples  adulterated,  as  defined  by  the  statutes,         .  S81 

Percentage  of  adulteration, 84.6 

Total  number  of  samples  of  food  and  drugs  examined,       .        .  10,797 

Total  number  found  to  be  of  good  quality, 8,076 

Total  number  not  conforming  to  the  statutes,       ....  S,721 

Percentage  of  adulteration, 85.S 


•  Died  October,  1896. 


No.  34.]  FOOD  AND  DRUG  INSPECTION. 


679 


CO 


00 
Oi 
I 
00 
00 
00 


o 

H 

o 

H 

Q 

O 
O 


M 
H 


S 


• 


S 

P4 


P4 


8 


I 


oo 


§  i  i  2 


^  «?  -•-  rH «  ~ 


o»    ^    V    ^ 

S    9    9    OO 


S    g 


^S|^    §§S|    §§^2    ISg2    I 


8    S 


llli    IIS^    §iS2    SiH 


t«    CO 


e«  fH 


!«    O    k*    Q         ^^ 

o-  ^  ^-  «        ». 


^  3 


fiSS*?     SSS^     SSS*?     S^g 
8.  %  n  8     ►-.  n  S  a     3  5  ^  fc     5.  S  i8_ 


8  S 


00 


tti^   §S§2   !§§:!   t 


e»  fe»  k* 

3  6  » 
rf  «•  « 


3  S 
I" 


gas  5    s.sSq    !--'5    5s|5    s 


9  S 


§§g2    8S§:    iSS 


8 


9 


8 


rf  rH- «"  * 


8  S 


aagg 


SS3^   §§§^   I 


«P  fi  00  «e 

*.  -»  5 


s  s 

Ok 

oT 


II 


a 

o 
a 


M 


s  s 
a  g 

J  S 

ft  "5. 

§§ 


e   o   o 


2^ 

a  a 

0      0 


II 

S  I 

0   8 


t  7 

a0 

I  & 
8  j 

A    0. 


I 
I 

I 

a 


1. 

2   § 

0   9 

IS 


S 

I 
I 


•8 

1  s 


a 


8|| 


h 

o   o 

S  8 

'Si    cL 


o 

"S 
8 


0 

O 

s 

mm 


ill-:  iiii 


o   o    o 


SQ  ^ 


f 


o   o   o 


1^ 

a  a 

0      0 
K    to 


a 

0 
to 


I 

S 


680 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


I 


e«  00 


0» 


Uli     S" 


s:if 


Si  2 

s 

s 


I 

QO 
I 


§ 


D 


S 


M 
< 

M 


8 


S 


I 


• 


P4 


M 

CO 


^53"^     SSS'^     sag* 


k.  e  -4  CO 

gs  S  S  a 

o   08  ef  ^ 


«r  V  r4* « 


i§i:i   §s§2   i§§ 


s  ss  I  »     s  g  3 

09  e»  S  22        Z  M  el 

■of    **«  ^^ 


•0 

s 


oD*  «r  M*  s 


^^"^S       ^^^S      Jm8 


f*     W4     ^ 


of  ef 


a  !f  &  •• 
S  S  S^  ^ 

•9    rn-  ^-  ' 


SSSS    Si§2 


3 


«  « 


S  3  S  S 

®.  *.  •«•  a 

•9    i-l    iH    ^ 


§§gs 


«    €4* 


SSS 


8 


§§12 

«r  V  P^*  •• 


g  5  S  •? 

•9    r^    «    ^ 


2  sa  58  * 
2  S  K  » 


S  9  S  *^ 
5  .9  ^  3 


«  M  iH  ^ 


1 


12 


a  §1 


i    ^S«| 


.       I 
JJll 

O*   Oi   Ot  •B 

a  • 


i 

..J 
a  8  a  S 

>Q  }Q  >Q  £ 


5  5  28 


o   o   o 
h    ••    l« 

jS  JS  J  3 


OOP 


i 

•  « 

a 

'^ 

f    I 
a  ^  a 

Oi    A     Ol   •Q 

I  I  a  a 
8  S  3  ^ 

o    o    o    & 

j:  js  ^  I 

a  a  a  2 

P    O    0    s 

>Q  tQ  »Q  £ 


p 

I 

•I 

O 


&     . 

S  ^  w 

•o  3  5 

«   o*  o 

nil 


o 

3 


SSI'S 

.  8  Sf 
393  I 


s  s 

8  •" 


9  S 


ej        1  §  i  8       t  t  t  3       § 

«09^  *  POOW**  rf 


o 


8  S 
^.  J  !J  8       R 

Ko  ^  e«  ,H 


s  s 

A" 

S  • 


S  8 


8  ::  8  ^ 


8  8 

8  - 


;s  8 

S 


•  a 

:| 

Is 

1i 


«  a 

o   5 

l| 

•  8 

18 
II 
11 

O     O 

11 
&8. 


No.  34.]         FOOD  AND  DRUG  INSPECTION. 


681 


The  accompanying  diagram  shows  the  yearly  number  of  samples 
analyzed  and  the  cost  per  sample. 
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Notices. 

The  following  lists  present  the  names  of  the  cities  and  towns  to 
which  notices  were  issued  relating  to  the  adulteration  of  different 
kinds  of  food  and  drugs  during  the  year  ended  Sept.  30,  1898 :  — 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  ofAduUeraied  MUk, 


Arlington, 1 

AttleboroQgh, 5 

Beverly, 1 

Boston, 1 

Brockton, 6 

Brookline, 8 

Cambridge, 10 

Chelsea, 22 

Qinton, 8 

Dedham, 2 

FallRiyer 2 

Fitchbnrg, 1 

Gloucester, 5 

Haverhil], 8 

Holyoke, 1 

Hudson, 1 

Hull, 2 

Hyde  Park, 6 

Lawrence, 1 

Lowell, 2 

Maiden, 4 

Marblehead, 2 

Marlborough, 4 


Marshfield, 

Nantucket, 

Natick, 

New  Bedford, 

NewtOD, 

Orange, 

Peabody, 

Plymouth,       ..... 
Provincetown,         .... 

Quinoy, 

Revere, 

Salem, 

Somcrville, 

Stoughton,      ..... 

Wakefield 

Waltham,        ..... 

Watertown, 

Winthrop, 

Wobum, 

Worcester, 1 


Total, 


156 


QUies  and  Towns  to  which  Notices  were  sent  on  Account  ofAduUerated  ArHeUs  <^ 

Food  other  than  Milk. 


Abington, 1 

Boston,    ....        a       .  41 

Brookline, 1 

Cambridge, 8 

Chelsea,  ......  2 

Chicopee, 8 

Dudley, 2 

Everett,  ......  2 

Fall  River, 8 

Fitchburg, 1 

Haverhill, 1 

Hingham, 1 

Lowell, 5 


Maiden, 

Montague,       ..... 

Needham, 

New  Bedford, 

Somerville, 

Springfield, 

Stoneham, 

Walpole, 

Webster, 

Wrentham, 2 

Worcester, 4 


Total, 


.    M 
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Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Drugs. 


Amesbnry, 1 

Atileboroagh, 1 

Boston, 7 

Chelsea, 2 

Fall  River, 1 

Fitchburg, 1 

Haverhill, 1 

Lowell, 2 


Medfordt 
Middleborough, 
Onset, 
Orange,  . 
Somerville, 
Wobum, . 


Total, 


22 


The  milk  supply  of  the  State  is  one  of  the  most  valuable  con- 
stituents of  its  general  food  supply.  An  expenditure  of  two  cents 
each  day  per  capita  for  milk  amounts  to  about  nineteen  million  dol- 
lars per  year  for  the  present  population.  For  the  supervision  of 
this  supply  three  sets  of  officials  are  provided  by  the  statutes,  — 
the  inspectors  of  the  State  Board  of  Health,  the  Dairy  Bureau,  and 
the  local  milk  inspectors  of  cities  and  towns. 

The  work  of  local  inspectors  has  undergone  considerable  im- 
provement in  late  years,  partly  stimulated,  no  doubt,  by  the  occa- 
sional visits  of  the  State  officials.  Greater  pains  have  been  taken 
by  the  local  authorities  to  select  men  for  this  office  who  are  famil- 
iar with  the  methods  of  milk  inspection  and  analysis.  In  the  city 
of  Boston  the  office  is  under  the  supervision  of  the  local  board  of 
health,  and  it  seems  entirely  proper  that  a  similar  provision  of  law 
should  apply  to  other  cities.  The  law  relating  to  towns  (not  cities) 
is  not  obligatory,  but  in  a  few  instances  milk  inspectors  have  been 
appointed  in  large  towns  in  the  metropolitan  district. 

Two  questions  in  connection  with  the  subject  of  milk  adulteration 
frequently  present  themselves  in  the  course  of  the  milk  inspection 
of  large  cities  and  towns,  —  the  addition  of  coloring  matter  and  the 
use  of  preservatives. 

With  reference  to  the  propriety  of  treating  the  former  of  these 
subjects,  the  addition  of  coloring  matter,  as  a  distinct  form  of  adul- 
teration, in  which  the  motive  for  its  use  is  usually  a  fraudulent  one, 
there  can  be  little  doubt ;  and  the  officials  of  the  Board  have  been 
instructed  to  use  every  possible  means  to  suppress  the  practice. 
Attention  •  is  called  to  further  statements  of  the  analyst  in  the 
present  report,  having  reference  to  the  question  of  the  methods 
of  detecting  the  presence  of  added  coloring  matter. 
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With  reference  to  the  use  of  preservatives  in  milk,  the  present 
statute  does  not  admit  of  any  discretion,  since  any  such  addition 
constitutes  *<a  foreign  substance"  under  the  provisions  of  Public 
Statutes,  chapter  57,  section  5,  and  the  later  amendments  of  the 
same  statute. 

The  further  question,  whether  additions  of  such  preservatives  as 
boracic  acid,  borax,  bicarbonate  of  soda,  salicylic  acid,  formaldehyde 
or  other  similar  substances  in  such  quantities  only  as  may  be  re- 
quired to  preserve  the  milk  for  a  period  of  twenty-four  or  forty- 
eight  hours,  are  injurious  to  the  health  of  the  consumer,  does  not 
yet  appear  to  have  been  definitely  settled.  The  subject  has  recently 
been  discussed  with  renewed  vigor  in  the  British  medical  and  sani- 
tary journals  without  arriving  at  conclusions  which  may  be  deemed 
satisfactory. 

If  the  use  of  such  substances  for  the  preservation  of  milk  is  to  be 
permitted,  it  is  plain  that  some  definite  quantitative  limit  should  be 
fixed,  an  excess  of  which  should  be  deemed  a  violation  of  statute. 

The  samples  of  milk  containing  preservatives  were  not  large  in 
number,  but  were  obtained  from  fourteen  different  places.  Their 
use  is  most  commonly  resorted  to  during  the  warm  season  of  the 
year. 

The  following  cases  which  occurred  during  the  year  are  worthy 
of  note :  — 

In  the  ordinary  course  of  inspection  a  sample  of  tincture  of 
opium  was  purchased  by  an  inspector  at  an  Italian  drug  store 
in  Boston.  The  amount  obtained  was  six  ounces.  The  dealer 
stated  to  the  inspector  at  the  time  of  the  sale  that  the  article  in 
question  was  an  Italian  preparation  and  was  twice  as  strong  as  the 
ordinary  tincture  of  the  United  States  Pharmacopoeia.  Upon  an- 
alysis, however,  it  was  found  to  be  very  much  below  the  required 
standard  of  the  United  States  Pharmacopoeia ;  the  official  standard 
of  1890  calling  for  1.3  to  1.5  per  cent,  of  morphia.  The  article  as 
purchased  at  the  drug  store  in  question  contained  only  .70  percent, 
of  morphia. 

At  the  trial  of  this  case  the  defendants  produced  an  Italian  dis- 
pensatory or  manual  to  show  that  the  article  sold  was  Sydenham's 
laudanum,  and  not  tincture  of  opium.  The  label  on  the  bottle  in 
which  it  was  dispensed  contained  the  word  *^  laudanum  ^^  only.  It 
was  also  claimed  that  the  article  sold  was  Italian  laudanum  and  not 
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that  of  the  United  States  Pharmacopoeia.  The  government  pro- 
duced an  Italian  pharmacopoeia  which  showed  that  the  Italian  and  the 
American  preparations  were  practically  identical.  The  defendant 
was  convicted. 

In  1898  several  wholesale  dealers  were  found  to  be  selling  a  brand 
of  groui^d  mace  which  on  examination  was  found  to  consist  largely 
of  wild  mace  (myristica  fatua) ,  and  in  some  instances  with  a  con- 
siderable mixture  of  starch.  The  wholesale  dealers  furnishing  this 
article  were  outside  the  State  and  complaints  could  not  be  main- 
tained against  them.  They  claimed  that  the  article  in  question 
(wild  mace)  was  mace,  and  hence  not  an  adulteration.  The  prin- 
cipal authorities  on  the  subject  of  spices,  however,  pronounce  wild 
mace  an  adulteration,  and  the  retailers  therefore  agreed  to  label 
these  preparations  as  compounds,  with  the  percentage  of  ingredients, 
under  the  provisions  of  chapter  344,  Acts  of  1897. 

The  therapeutic  value  of  diabetic  food  preparations  depends  upon 
the  absence  of  starch,  its  place  being  supplied  by  other  elements  of 
the  cereal  grains,  chiefly  gluten.  Analyses  made  from  time  to  time 
by  the  analysts  of  the  Board  show  that  little  dependence  can  be 
placed  in  the  published  statements  of  manufacturers  of  diabetic 
food  preparations  as  to  the  actual  composition  of  these  articles  as 
offered  for  sale.  The  majority  of  those  which  have  been  collected 
by  the  Board  have  been  found  to  contain  much  larger  percentages 
of  starch  than  those  which  were  claimed  upon  the  label  or  package. 
The  variation  was  from  0  to  more  than  60  per  cent,  of  starch.  In 
several  instances  the  analysis  showed  that  the  article,  sold  at  a 
high  price  as  a  diabetic  flour,  contained  as  much  starch  as  ordi- 
nary wheat  flour,  and  for  therapeutic  purposes  was  no  better  than 
the  flour  or  meal  of  any  common  cereal. 

In  1897  several  amendments  to  the  food  acts  were  made,  some 
of  greater  and  some  of  less  importance,  all  of  which  had  in  view 
the  protection  of  the  general  consumer  and  the  prevention  of  special 
kinds  of  adulteration. 

The  following  amendment  to  the  general  law  of  1882  has  had  a 
wholesome  effect,  since  it  introduced  certain  provisions  which  had 
not  hitherto  been  embraced  in  any  statute. 

Section  3,  last  paragraph  of  chapter  344  of  the  Acts  of  1897, 
reads  as  follows :  — 
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Provided^  that  the  provisions  of  this  act  shall  not  apply  to  miztares  or 
compoonds  recognized  as  ordinary  articles  or  ingredients  of  articles  of  food, 
if  every  package  sold  or  offered  for  sale  is  distinctly  labelled  as  a  mixtore 
or  compoand  wiih  the  name  and  per  cent,  of  each  ingredient  therein^  and  if 
SQch  mixtures  or  compounds  are  not  injurious  to  health. 

The  important  amendment  in  the  foregoing  paragraph  consists  in 
the  italicized  words,  which  require  the  name  and  percentage  of  each 
ingredient  in  a  mixture  or  compound  to  be  distinctly  placed  upon 
each  package. 

The  articles  to  which  this  applies,  as  found  by  the  operation  of  the 
law  during  the  past  two  years,  are  principally  coffee  preparations,  or 
imitations  of  coffee,  containing  chiccory  and  cereal  products,  spices, 
syrups,  molasses  and  baking  powders.  Several  complaints  have  been 
made  and  convictions  secured  under  this  provision,  and  have  had  a 
decided  effect  in  securing  a  better  condition  of  the  market  so  &r  as 
the  proper  labelling  of  compound  articles  of  food  is  concerned. 

The  regular  routine  work  of  the  Board  in  the  department  of  food 
and  drug  inspection  constitutes  the  chief  portion  of  the  operations 
of  this  department,  and  this  work  has  been  carried  on  uninterrupt- 
edly for  a  period  of  sixteen  years.  This  comprises  the  coUectioQ 
of  articles  of  food  and  drugs  from  all  parts  of  the  State  by  ex- 
perienced inspectors  and  their  examination  by  the  analysts  of  the 
Board,  with  the  preparation  of  cases  for  trial  in  court.  In  addition 
to  this  routine  work  the  office  is  also  open  daily  for  the  reception 
of  such  articles  as  may  be  brought  in  for  examination.  The  articles 
of  this  character  have  not  been  very  numerous  when  compared  with 
those  which  are  collected  by  the  inspectors,  but  have  represented 
very  nearly  all  classes  of  food.  The  examinations  of  this  class 
have  also  extended  occasionally  to  articles  not  mentioned  in  the 
law,  but  are  usually  embraced  very  properly  in  the  laws  of  other 
countries  among  the  things  which  it  is  deemed  proper  for  sanitar}' 
boards  to  examine,  such  as  cooking  utensils  and  articles  intended 
for  the  conveyance  and  storage  of  drinking  water,  wail  paper  and 
fabrics  used  for  wearing  apparel,  children's  toys  and  otfier  articles 
in  common  use  among  the  people. 

The  articles  which  were  brought  to  the  office  for  examination 
during  the  year,  and  were  not  collected  by  the  inspectors,  are  in- 
cluded in  the  following  list :  — 
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Articles  of  food  suspected  of  containing  poisons,  milk,  spices, 
coffee,  cream,  molasses,  confectionery,  butter,  maple  syrup,  flavor- 
ing extracts,  flour,  honey,  diabetic  flour,  hair  dyes,  cosmetics  and 
other  proprietary  medicines,  whiskey,  wine  and  cider,  wax, -wall 
paper  and  fabrics  to  be  examined  for  arsenic,  cooking  utensils  and 
toys. 

Prosecutions. 

The  following  condensed  sunmiary  is  presented  in  accordance 
with  the  custom  which  has  been  followed  in  the  reports  of  the  past 
six  years. 

The  following  table  presents  the  same  figures  with  the  addition 
of  the  data  relating  to  the  prosecutions  conducted  during  the  year 
ended,  Sept.  30,  1898 :  — 


Number  of  (JomplaitUs  entered  in  Court, 


TB4S. 

Food 

(not  iododlof 
MHk). 

Drags. 

Hilk. 

TotaL 

ConrletloiM. 

Ftnea 
ImpoMd. 

1888, 

1884, 

1886,* 

1886,t 

1887, 

1888, 

1889, 

1890, 

1891, 

1892, 

1898, 

1894, 

1896, 

1896, 

1897, 

1898, 

• 

2 

60 
10 
80 
22 
74 
78 
96 
62 
26 
14 
18 
7 
18 
10 

6 

1 
1 

6 

12 

8 

11 
1 

4 
46 
68 
10 
84 
48 
66 
24 
49 
72 
67 
76 
68 
68 
61 
64 

9 

48 

119 

20 

64 

66 

140 

102 

160 

186 

96 

90 

92 

76 

66 

64 

8 
44 

108 
19 
60 
61 

124 
96 

186 

128 
92 
77 
86 
74 
64 
62 

■  > 

■  > 

t2,042  00 
8,889  00 
8,919  00 
2,668  00 
8,661  70 
2,476  00 
2,626  00 
2396  80 
2312  20 
2,766  60 
2,060  98 

Total 

8,       . 

• 

497 

89 

799 

1,886 

1,228 

181,806  78 

•  To  Maj  1, 1886. 


t  Four  months  only. 


t  No  record  kept. 


Katio  of  conyictions  to  complaints,  92  per  cent. 


NoTB.  —  All  complaints  entered  before  May  1, 1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 


688 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


The  following  report  was  presented  to  the  Legislature  in  Jan- 
uary, 1899,  in  compliance  with  the  provisions  of  the  statutes.  Acts 
of  1884,  chapter  289  :  — 

OmoB  OF  THB  Stats  Boakd  of  Hbalts, 

Statb  HoutB,  Boston,  Jan.  9, 1860. 

2b  the  Honorable  Senate  and  House  of  B^i^resenUUives  of  the  CommonweaUk  tf 

MaseachuuUs  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  .the  State 
Board  of  Health  to  **  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  pro- 
visions thereof.* 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  80,  1898,  was  64. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  of 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  dates 
of  the  trials,  and  their  results,  are  presented  in  the  following  table :  — 


Plaob. 

In  Cambridge, 
Cambridge, 
Chelsea,   . 
Chelsea,   . 
Gloucester, 
Gloucester, 
Gloucester, 
Gloucester, 
Gloucester, 
Gloucester, 
Gloucester, 
Gloucester, 
Fitchburg, 
Fitchburg, 
Fitchburg, 
Fitchburg, 
Fitchburg, 
Wobum,  . 
Woburu,   . 
Wobum,  . 


Milk  and  Milk  Products. 
For  Fraudulent  Sales  ofMUk, 

Dais. 

Dec.  18, 1897, 

Jan.  SI,  1898, 

April  28,1898, 

Sept.  23, 1898, 

Jan.  19, 1898, 

Jan.  SO,  1898, 

May  81, 1898, 

Aug.  5, 1898, 

Sept.  29, 1898, 

Sept.  29, 1898, 

Sept  29, 1898, 

Sept.  29, 1898, 

Sept.  28, 1898, 

Sept.  19, 1898, 

Sept.  22, 1898, 

Sept  24, 1898, 

Sept  24, 1898, 

Feb.  18, 1898, 

Feb.  18, 1898, 

April  1, 1898, 


Convicted. 


u 
u 


Discharged. 
Convicted. 


M 
U 
U 
W 


M 
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For  FraudulerU  Sales  of  Milk-^  Concluded. 

Placs.                                                         Datb.                                                  Ebsult. 

In  Woburn,  ....        April     8, 1898,        .        .        .    Convicted. 

Lowell,     . 

>       1 

June      9, 1898, 

u 

Somerville, 

Dec.      28,1897, 

c» 

Someryille, 

June     14, 1898, 

t» 

Salem, 

Oct.      23,1897, 

CI 

Newton,    . 

Sept.    21,1898, 

C( 

Maiden,    . 

May     25, 1898, 

(C 

Everett,    . 

May     24,1898, 

»l 

Westford, 

June     15, 1898, 

»l 

Topsfield, 

Oct      80. 1897, 

l( 

Korwell,  . 

Oct        7,1897, 

i( 

Charlton,  . 

Oct        9,1897, 

(t 

Marshfield, 

Oct      22,1897, 

»« 

Rehoboth, 

Dec.     27,  1897, 

Hopkinton, 

Jan.      21, 1898, 

»» 

Stonghton, 

March  19, 1898, 

i( 

Stoughton, 

April    15,1898, 

.    Discharged. 

Canton,     . 

March  19, 1898, 

Convicted. 

Keedham, 

March  21, 1898, 

•» 

Attleborough,  , 

April    27,1898, 

4t 

Attleborough,  . 

April    27,1898, 

U 

Dover, 

May      16, 1898, 

tl 

Wrentham, 

July     30, 1898, 

C( 

Lexington, 

June     13, 1898, 

ti 

Bedford,   . 

Aug.      9, 1898, 

»« 

Concord,  . 

Aug.       9, 1898, 

t» 

Swampscott,     . 

Sept      1, 1898, 

(» 

Cottage  City,    . 

Sept      2,1898, 

l( 

Marblehead,     . 

Sept    28, 1898, 

t« 

Medway,  . 

Sept.     17, 1898, 

,  # 

44 

Spencer,   . 

Sept    26, 1898, 

41 

Marshfield, 

Sept     27,1898, 

4( 

Condensed  Milk. 

In  Cambridge,              .        .       Sept.    28, 1898,       .        .       .    Convicted. 

Cambridge, 

. 

. 

Sept.     28, 1898, 

1        < 

1 

44 

For  Fraudulent  Sale  of  Other  Articles  of  Food. 


In  Lowell,  • 
Lowell,  . 
Fall  River, 


In  Boston, 


Coffee. 

Oct.        5, 1897, 

.    Convicted. 

Sept     IS,  1898, 

44 

•                 • 

Sept.     29, 1898, 

44 

•                • 

Molasses. 

May       4, 1898, 

.    Convicted. 
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Cream  of  Tartar, 

Placb. 

In  Boston,     . 

DATS. 

May     26,1898, 
Cassia, 

Rbsclt. 

.    Convicted. 

In  Boston,     . 

March  22, 1898, 

.    Convicted. 

In  Boston,     . 

Allspice. 
May     26,1898, 

.    Convicted. 

In  Boston,     . 

May     26, 1898, 
Lime  Juiee. 

.    Convicted. 

InWoburn,  . 
Woburn,  . 

May     27, 1898, 
May     27,1898, 

.    Convicted. 
•* 

Summary. 

Complaints  entered  in  court  under  the  acts  relating  to  the  inspection  of  milk 

and  milk  products, 54 

Other  articles  of  food, 10 

Total, 64 


SUMHABT. 

The  whole  natnber  of  complaints  entered  by  the  State  Board  of 
Health  during  the  year  ending  Sept.  8O9  1898,  in  the  courts  of  the 
Commonwealth,  against  parties  for  violation  of  the  statutes  relatiog 
to  food  and  drug  inspection,  was  64.  In  62,  or  96.9  per  cent,  of 
these,  the  parties  were  convicted ;  2  were  discharged. 

Of  the  whole  number,  54  were  for  violation  of  the  statutes  relating 
to  the  adulteration  of  milk  and  milk  products,  and  of  this  number 
52  resulted  in  conviction.  The  greater  number  of  these  were  for 
violation  of  the  statutes  providing  that  milk  offered  for  sale  shall  be 
of  good  standard  quality.  In  9  of  the  foregoing  cases  the  complaints 
were  for  sales  of  milk  containing  coloring  matter. 

Attention  is  respectfully  called  to  the  provisions  of  section  23  of 
chapter  897  of  the  Acts  of  1896,  by  which  the  people  are  now  de- 
prived of  the  legal  protection  which  they  enjoyed  under  the  poison 
act  of  1888,  against  the  harmful  action  of  poisonous  patent  medi- 
cines. 
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AH  of  the  parties  against  whom  complaints  were  entered  in  court 
for  fraudulent  sales  of  other  kinds  of  food  were  convicted. 

The  articles  of  food  and  drugs  with  reference  to  which  these  com- 
plaints were  made  were  as  follows :  — 

Coffee,  3  cases;  molasses,  1  case;*  allspice,  1  case;  pepper,  1 
case ;  cassia,  1  case ;  cream  of  tartar,  1  case ;  lime  juice,  1  case. 

In  section  5  of  the  new  food  statute  of  1897,  chapter  344,  it  is 
required  that  certain  sorts  of  canned  goods,  together  with  packages 
containing  maple  syrup  and  molasses,  shall  be  plainly  marked  with 
adhesive  labels,  in  letters  not  less  in  size  than  two-line  Pica^  of 
legible  type.     The  section  reads  as  follows : — 

[A0T8  ov  1897,  Chapthb  344.] 

Section  5.  All  canned  articles  of  food  prepared  from  dried  products 
which  have  been  soaked  before  canning  shall  be  plainly  marked  by  an  ad- 
hesive label,  having  on  its  face  the  word  "  soaked,*'  in  letters  not  less  in 
size  than  two  fine  Pica^  of  legible  type ;  and  all  cans,  jags  and  other  pack- 
ages containing  maple  syrup  or  molasses  shall  be  plainly  marked  by  an 
adhesive  label,  having  on  its  face  the  name  and  address  of  the  person,  firm 
or  corporation  which  made  or  prepared  the  same,  together  with  the  name 
and  quality  of  the  ingredients  of  the  goods,  in  letters  of  the  size  and 
description  above'i^ecifled. 

Frequent  inquiry  having  been  made  relative  to  the  meaning  of  the 
term  «*  two-line  Pica'*  of  legible  type,  as  employed  in  this  statute, 
the  following  line  is  presented  as  a  sample :  — 

TWO  LINE  PICA. 

The  following  statute,  as  amended  in  1896  (by  chapter  398  of  the 
Acts  of  that  year),  presents  the  standard  of  milk  in  Massachusetts, 
at  the  date  of  publishing  this  report :  — 

[Acts  OF  1896|  CuAPTBB  398,  Sbotion  2.] 

In  all  prosecutions  under  this  chapter,  if  the  milk  is  shown  upon  analysis 
to  contain  less  than  thirteen  per  cent,  of  milk  solids,  or  to  contain  less  than 
nine  and  three-tedths  per  cent,  of  milk  solids,  exclusive  of  fat,  or  to  con- 
tain less  than  three  and  seven-tenths  per  cent,  of  fat,  it  shall  be  deemed, 

•  The  extent  of  adalteratioii  Id  tbls  caae  amoanted  to  70  per  cent. 
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for  the  purposes  of  this  act,  to  be  not  of  good  standard  quality,  except 
during  the  months  of  April,  May,  June,  July  and  August,  when  milk  con- 
taining less  than  twelve  per  cent,  of  milk  solids,  or  less  than  nine  per  cent 
of  milk  solids,  exclusive  of  fat,  or  less  than  three  per  cent,  of  fat,  shall  be 
deemed  to  be  not  of  good  standard  quality. 

The  whole  number  of  samples  of  food  and  drugs  examined  in  this 
department  since  the  beginning  of  work  in  1883  was  97,591,  and 
the  number  of  complaints  entered  in  court  was  1,335.  The  average 
cost  per  sample  for  collection  and  analysis  has  been  reduced  from 
$2.26  in  1883  to  $1.02  in  1898. 

The  following  list  presents  the  total  solids  in  each  of  the  samples 
of  milk  upon  which  complaints  were  founded,  so  far  as  records  of 
the  same  were  kept :  — 


7.45 

10.02 

10.83 

11.45 

7.62 

10.12 

10.86 

11.46 

7.68 

10.22 

10.87 

11.50 

8.73 

10.24 

10.89 

11.53 

8.76 

10.40 

11.26 

11.64 

8.80 

10.42 

11.26 

11.64 

8.97 

10.52 

11.38 

11.70 

9.16 

10.55 

11.36 

11.80 

9.16 

10.78 

11.37 

11.90 

9.27 

10.74 

11.40 

12.28 

9.52 

The  total  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  as  follows :  — 

Milk, 6,247 

Other  articles  of  food, 8,738 

Drugs, 81S 

Total, 10,797 

Total  expenses  of  collection,  examination  and  prosecution,  .        .  |11,062  68 

Average  expense  per  sample  collected, 1  02 
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Fines. 

The  amount  of  fines  paid  into  the  treasuries  of  counties,  cities 
and  towns  under  the  provisions  of  the  general  and  special  laws  rela- 
tive to  the  inspection  of  food  and  drugs  was  as  follows :  — 

Fines  paid  for  ViokUum  of  the  Food  and  Drug  Acts  upon  Cases  entered  for  the 

Tear  ending  Sept,  30, 1898. 

Under  the  provisions  of  the  laws  relating  to  milk  and  milk  prod- 
ucts,       11,944  78 

Under  the  provisions  of  the  laws  relating  to  other  articles  of  food,        .        116  20 


t2,060  98 


EXPENDrrUBES 


Under  the  Provisions  of  the  Food  and  Drug  Acts  during  the  Year  ending  Sept,  30, 

1898. 


Fob  ths  EmroKOBXBHT  or  thb  Statdtkb 

KMLAXtMa  TO  FOOD  AXB  DBUO 
iMSPBOnOV. 


BelAttre  to  HUk 
and  Milk  ProdDcU. 


RelatiTe  to  Other 

Kindt  of  Food  and 

Drags. 


Salaries  of  analysts, 

Salaries  of  inspectors, 

Travelling  expenses  and  purchase  of  samples, 
Apparatus  and  chemicals,     .... 

Printing, 

Index  cards, 

Special  investigation, 

Special  services  (milk  case). 
Extra  services  for  inspection. 
Services  (cleaning  laboratory),    . 

Bottles  and  stoppers, 

Sundry  small  supplies, 


Total, 


12,700  00 

2,600  00 

1,200  83 

186  68 

13  02 

17  60 

7  60 

10  00 

76  00 

41  00 

6  21 

6  IS 

#6,761  92 


11,896  00 

1,600  00 

638  00 

112  80 

7  82 

10  00 

7  44 

79  00 

41  00 

6  00 

6  20 

$4,300  76 
6,761  92 

111,062  68 


REPORT  OF  THE  ANALYST. 
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REPORT  OF  THE  ANALYST. 


Dr.  S.  W.  Abbott,  Secretary  of  the  State,  Board  of  Health. 

Dear  Sir  :  —  I  herewith  submit  the  report  of  the  work  of  the 
food  and  drug  laboratory  for  the  year  ending  Sept.  30, 1898.  This 
period  covers  the  last  work  as  analyst  of  the  late  Dr.  Charles  P. 
Worcester,  whose  useful  life  ended  almost  coincidently  with  the 
close  of  the  year  herein  reported.* 

Milk. 

Six  thousand  and  eighty-eight  samples  of  milk  have  been  analyzed 
in  this  laboratory  during  the  year,  of  which  1,906,  or  31.3  per 
cent.,  were  below  the  standard.  The  ratio  of  adulteration  for  this, 
the  second  year  under  the  statute  of  1896  (in  accordance  with  which 
the  12  per  cent,  standard  of  milk  solids  was  extended  from  April  1 
to  August  31),  is  almost  identical  with  that  of  the  preceding  year. 

The  samples  of  milk  containing  foreign  matter  are  comparatively 
small  in  number ;  37  samples  were  artificially  colored  and  41  con- 
tained added  preservative. 

Artificially  Colored  Milk. 

Of  the  samples  thus  adulterated,  29  contained  annatto,  6  were 
colored  with  caramel  and  2  with  an  orange  aniline.  By  reference  to 
the  tables  of  milk  statistics,  it  will  be  seen  that  the  cities  and  towns 
from  which  artificially  colored  milks  were  obtained  during  the  year 
are  Everett,  Gloucester,  Maiden,  Medford,  Salem,  Woburn  and 
Attleborongh. 

A  very  useful  method  for  the  detection  of  ibreign  coloring  mat- 
tor  in  milk  in  use  in  our  laboratory  is  the  following :  about  a  gill 
of  the  milk  is  curdled  by  heat  and  acetic  acid,  the  curd  being  sepa- 

•  Dr.  Worcester's  death  occurred  Oct.  9, 1898. 
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rated  and  gathered  into  one  mass  by  the  aid  of  a  stirring  rod.  The 
curd,  squeezed  free  from  whey,  is  then  shaken  with  ether  in  a  corked 
flask  and  allowed  to  macerate  therein  for  an  hour  or  more.  The 
appearance  of  the  curd  before  maceration  is  often  indicative  to  the 
practised  eye  of  the  presence  or  absence  of  artificial  color.  Of  the 
three  coloring  matters  commonly  used,  viz.,  annatto,  caramel  and 
the  orange  aniline,  only  the  annatto  is  extracted  by  the  ether. 

The  ether  extract,  containing  the  &t  and  the  annatto,  if  present, 
is  evaporated,  and  the  residue  made  alkaline  with  sodium  hydrate 
and  filtered  through  a  wet  filter.  If  annatto  is  present  it  will  per- 
meate the  filter  paper  and  be  readily  apparent  thereon  by  its  orange 
color  when  the  fat  is  washed  off  and  the  filter  dried.  It  is  well  to 
apply  the  usual  confirmatory  test  for  annatto  by  treating  the  dried 
filter  with  stannous  chloride  and  obtaining  the  characteristic  pink 
color. 

After  pouring  off  the  ether,  the  milk  curd  is  then  to  be  examined 
for  caramel  or  the  aniline  orange.  If  the  curd  is  left  white,  neither 
of  these  colors  are  present.  K  caramel  has  been  used,  the  curd 
will  be  of  a  brown  color ;  if  the  milk  has  been  colored  with  the 
aniline  dye,  the  color  of  the  curd  will  be  of  a  more  or  less  brilliiint 
orange. 

A  distinguishing  test  at  this  stage  between  the  two  colors  cara- 
mel and  aniline  orange  is  the  color  reaction  obtained  by  shaking  a 
small  portion  of  the  fat-free  curd  in  a  test  tube  with  concentrated 
hydrochloric  acid.  The  caramel-colored  curd  will  act  in  a  some- 
what similar  manner  to  an  uncolored  fat-free  curd  on  shaking  with 
hydrochloric  acid,  viz.,  it  will  gradually  produce  a  deep  blue  color 
in  the  solution.  On  the  contrary,  the  aniline  orange  will  immedi- 
ately produce  with  the  hydrochloric  acid  a  deep  pink  color.  If 
caramel  is  present  in  large  amount  the  color,  on  shaking  with 
hydrochloric  acid,  will  be  a  brownish  blue,  readily  distingoisb- 
able  from  the  blue  produced  by  the  curd  of  an  uncolored  or  pure 
milk. 

If  the  above  test  indicates  caramel,  the  presence  of  the  latter  had 
better  be  confirmed  by  the  well  known  tests  on  fresh  samples  of 
the  milk. 

An  unusually  large  number  of  milk  samples  containing  added 
coloring  matter  stood  above  the  standard  of  total  solids.  Six 
samples  of  one  collection  of  milk,  all  colored  with  annatto,  con- 
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tained  from  12.40  to  12.76  per  cent,  of  total  solids  in  the  month  of 
May,  when  the  standard  is  12  per  cent.  Two  samples,  colored 
with  caramel,  stood  respectively  at  14.04  and  19.19  per  cent,  of 
solids.  A  sample  colored  with  orange  aniline  contained  13,10  per 
cent,  of  solids.  As  a  rule  coloring  matter  is  added  to  cover  up 
evidence  of  watering,  but  not  in  these  instances. 


Milk  with  Added  Preservative. 

Forty-one  samples  of  milk  were  found  to  contain  added  preserva- 
tive. Of  these,  26  contained  formic  aldehyde,  4  had  sodium  car- 
bonate and  11  boracic  acid. 

Milks  with  added  preservative  were  obtained  from  Cambridge, 
Chelsea,  Gloucester,  Medford,  Newton,  Somerville,  Worcester, 
Attleborough,  Brookline,  Hull,  Hyde  Park,  Revere,  Stoneham 
and  Stoughton. 

During  July  and  August  all  the  milk  samples  were  systematically 
examined  for  preservatives,  using  in  general  the  methods  detailed 
in  our  annual  report  for  1897.  The  tentative  method  suggested  at 
that  time  for  testing  for  formic  aldehyde  by  the  aid  of  concentrated 
hydrochloric  acid  and  ferric  chloride  (then  somewhat  new)  has 
been  since  thoroughly  tested  and  found  most  trustworthy  in  indi- 
cating minute  quantities  of  this  preservative.  It  is  much  more 
delicate  than  the  usual  sulphuric  acid  test,  by  reason  of  the  fact 
that  the  charring  with  the  latter  acid  often  obscures  the  color  when 
the  aldehyde  is  present  in  small  amount  only. 

The  use  of  antiseptics  in  milk  in  this  State  is  decidedly  on  the 
increase.  This  is  especially  true  of  formaldehyde,  which,  being  in 
solution,  lends  itself  to  the  milkman's  immediate  use,  and  is  the 
most  active  of  preservatives. 

Weak  solutions  of  formaldehyde  are  put  up  for  milk  dealers  under 
a  great  variety  of  names,  such  as  "Preservaline,"  *«  Freezaline," 
**  Anti  Sour,"  etc.  A  small  sample  vial  of  one  of  these  prepara- 
tions labelled  «*Preservaline,"  and  containing  what  proved  on 
analysis  to  be  a  2.3  per  cent,  solution  of  formaldehyde,  had  these 
directions  :  *•  Add  the  contents  of  this  bottle  (2  cubic  centimeters) 
to  one  quart  of  milk."  This  would  be  equivalent  to  1  part  of  for- 
maldehyde in  about  22,000  parts  of  milk,  and,  according  to  results 
of  experiments  in  this  laboratory  on  the  action  of  formaldehyde  on 
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milk,  would  keep  a  sample  sweet  for  four  days  that  would  other- 
wise curdle  in  two.* 

Of  the  1,076  samples  of  milk  examined  during  July  and  August, 
30  samples,  or  nearly  3  per  cent.,  contained  added  preservative. 

The  following  tables,  arranged  in  the  usual  manner,  show  the  milk 
conditions  prevailing  in  various  localities :  — 


Milk  firm  CUies. 


CiTIEB. 

Total 

Sumplcs 

CoUected. 

Above 
Standard. 

Below 
Staadard. 

Per  Cent 

below 
Standard. 

Total 

Solids  In 

Lowest 

Sample. 

Number 

of 
Skimmed 
Samples. 

Kumber 

of 
Colorod 
Samples. 

Hiuabw 

of 
Preset  ltd 

Sas^l**- 

Boston,  . 

279 

220 

59 

21.2 

9.56 

I 

- 

Brockton, 

les 

184 

29 

17.7 

10.03 

- 

- 

- 

Cambridge,    . 

467 

816 

151 

82.8 

11.15 

1 

- 

2 

Chelsea,  • 

295 

169 

126 

46.1 

9.95 

2 

- 

5 

Everett,  . 

121 

68 

58 

48.8 

10.96 

2 

T 

- 

Fall  River,     .       . 

89 

65 

24 

96.9 

9.90 

2 

- 

- 

Fltobbarg,      . 

120 

76 

50 

89.7 

10.04 

7 

- 

GloQceater,    . 

193 

129 

64 

88.8 

8.89 

- 

10 

1 

Haverhill, 

189 

90 

49 

85.2 

11.00 

- 

- 

- 

Lawrenoe,      . 

67 

68 

9 

18.4 

U.42 

- 

- 

• 

Lowell,  . 

29 

19 

10 

84.0 

10.92 

- 

- 

- 

Maiden,  . 

181 

78 

68 

44.8 

9.64 

- 

0 

• 

Marlborough, 

74 

60 

14 

18.9 

10.81 

1 

- 

- 

Medford,        .       . 

227 

178 

M 

28.8 

11.20 

2 

4 

5 

New  Bedford, 

71 

87 

84 

47.8 

10.18 

• 

1 

- 

- 

Newbnryport, 

41 

81 

10 

24.4 

12.00 

- 

- 

- 

Newtoo, . 

255 

179 

T6 

29.8 

9.62 

1 

- 

8 

Qnincy,  . 

106 

77 

28 

26.7 

10.94 

4 

- 

- 

Salem,    . 

174 

120 

54 

81.0 

9.16 

- 

1 

- 

Bomerville,    , 

587 

815 

222 

41.8 

9.27 

14 

- 

• 

Tanntoo, 

76 

67 

9 

11.8 

12.00 

8 

- 

- 

Waltham, 

88 

64 

84 

88.6 

11.80 

- 

1 

- 

^Tobnm, 

197 

124 

78 

87.0 

9.66 

" 

6 

- 

Worcester,     , 

251 

160 

91 

80.2 

10.80 

4 

- 

4 

Totals, 

4,105 

2,814 

1«881 

82.9 

8.89 

50 

34 

» 

•  Twenty-ninth  Annoal  Baport,  State  Board  of  Health,  page  550. 
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Milk  from  Towns. 

Toims. 

Total 

Samples 

Collected. 

Above 
Standard. 

Below 
Standard. 

Percent 

below 
Standard. 

Total 
Solids  in 
Lowest 
Sample. 

Number 

of 
Skfmmed 
Samples. 

Knmber 

of 
Colored 
Samples. 

Kamber 

of 
Preserved 
Samples. 

AlUeboroQgb, 

118 

93 

26 

21.2 

8.80 

7 

8 

8 

Beverly*  • 

60 

40 

20 

88.8 

11.10 

- 

- 

- 

Brookllne, 

161 

120 

26 

16.6 

11.22 

- 

- 

2 

CftDtOIlt   • 

88 

82 

6 

16.7 

10.89 

- 

- 

- 

Clinton,  . 

49 

88 

11 

22.4 

9.86 

9 

- 

- 

Cottage  City, . 

88 

20 

4 

12.1 

10.42 

- 

- 

- 

Dedham, 

100 

72 

84 

82.1 

10.46 

- 

- 

- 

Fremlngham, . 

90 

18 

7 

86.0 

12.03 

- 

- 

- 

HadiOD, . 

11 

9 

2 

18.2 

11.08 

- 

- 

- 

Boll,       .       .       . 

21 

19 

2 

9.6 

10.67 

- 

- 

2 

Hyde  Park,    . 

147 

97 

60 

84.0 

10.74 

- 

- 

2 

Marblebead,  .       . 

18 

8 

10 

66.6 

10.49 

2 

- 

- 

ICarabfleld,     . 

11 

8 

8 

27.8 

10.40 

- 

- 

- 

MiddleboroQgh,     . 

18 

10 

8 

23.1 

11.89 

1 

- 

- 

MUford, .       .       . 

46 

84 

12 

26.1 

11.90 

- 

- 

- 

MUlbnry, 

0 

6 

8 

88.8 

11.10 

- 

- 

- 

Nantacket,     . 

19 

17 

2 

10.6 

11.86 

- 

- 

- 

Natiek,   . 

61 

46 

16 

26.2 

10.98 

1 

- 

- 

Norwood, 

11 

11 

0 

0.0 

12.82 

- 

- 

- 

Plymontb, 

84 

26 

8 

28.6 

11.21 

- 

- 

- 

Prorlneetown, 

18 

16 

8 

16.6 

10.70 

- 

- 

- 

Revere,  . 

128 

88 

46 

86.1 

9.69 

- 

- 

2 

Baliabary, 

81 

27 

4 

12.9 

11.77 

- 

- 

- 

Spencer,  • 

IT 

6 

11 

64.7 

11.22 

- 

- 

- 

Stooebam, 

119 

101 

18 

16.1 

9.49 

10 

- 

1 

BtoQgbton,     . 

106 

72 

84 

82.0 

10.87 

- 

- 

8 

Bndbnry, 

13 

7 

6 

46.1 

11.29 

- 

- 

- 

Swampaoott,  . 

6 

4 

1 

20.0 

11.26 

- 

- 

«i 

Wakefield,     .       . 

26 

16 

10 

88.4 

9.89 

1 

- 

- 

Warebam, 

82 

81 

1 

8.1 

11.77 

- 

-. 

- 

Watertown,   . 

47 

82 

16 

81.9 

10.88 

- 

- 

- 

Weetborongb, 

16 

12 

8 

20.0 

11.04 

8 

- 

- 

Wlnebeater,  . 

68 

40 

18 

24.6 

11.18 

- 

- 

- 

Wintbrop,      • 

100 

86 

28 

21.1 

10.78 

- 

- 

- 

Totabi,     . 

1,096 

1,266 

480 

26.4 

8.80 

84 

8 

16 
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Milk  from  Suspected  Producers. 


LOGALITT. 


Total 

(Umples 

Collected. 


Atx>Ye 
Standard. 


Bttknr 
Standard. 


Per  Cent. 

below 
Standard. 


Total 
SolkUta 

LOWMt 


Bedford,    . 
BarllDgtoD, 
Dedham,    . 
DoTor,       . 
Fitcbbarg, 
HopklDton, 
Lexington, 
Harblebead, 
Marahfleld, 
lledway,    . 
Natlck,      . 
Needham,  . 
Northborongh, 
Peabody,   . 
Randolph, . 
Bherbom,  . 
Spencer,     . 
Waltham,  . 
WealboroQgh, 
Wobarn,    . 
Wrentham, 
ToUla, 


16 

18 
8 
8 
4 
9 

82 

10 
6 

12 
4 
9 
8 
8 
9 
8 

11 
6 

11 
6 
8 


10 
16 
6 
8 
4 
0 
21 
8 
0 
1 
4 
0 
0 
T 
9 
8 
0 
6 
0 
0 
0 


194 


108 


6 
2 
8 
5 
0 
9 

11 
2 
6 

11 
0 
9 
8 
1 
0 
0 

U 
0 

11 
0 
8 


01 


8S.8 
11.1 
87.5 
82.5 

0.0 

100.0 

84.4 

20.0 

100.0 

91.7 

0.0 

100.0 

100.0 

12.5 

0.0 

0.0 
100.0 

0.0 
100.0 

0.0 
100.0 


lo.n 

12.18 

12.48 

11.87 

18.40 

8.7S 

10.94 

11.8B 

7.tt 

8.» 

12.46 

11.86 

12.10 

U.U 

u.se 

12.80 
10.it 
12.11 
11.21 
12.96 
10.tt 


46.9 


8.7S 


Summary  of  Milk  Staiislics. 


Total 

Samples 

Collected. 

Abore 
Standard. 

Below 
Standard. 

Percent 

below 
Standard. 

Total 
Solfdala 
Lowest 
Sample. 

Komber 

or 

Skimmed 
rtamples. 

Nvmber  :  Vmktf 

C«>lored    rn»ti»m 
tl«amplee.    SampM. 

OlUea, 

Towna, 

Baapeeted  prodacera, 

MlaceUaneona,  . 

4,195 

1,695 

194 

4 

2,814 

1,265 

106 

0 

1,881 

430 

91 

4 

82.9 

25.4 

46.9 

100.0 

8.80 
8.80 
8.73 

50 
84 

84 
8 

26 
IS 

Totala, 

6,088 

4,182 

1,900 

81.8 

8.80 

84 

87 

ti 

A  sample  of  milk  sold  from  a  can  labelled  '<  Skim-milk  "  in  Clifi* 
ton,  proved  on  analysis  to  contain  6.44  per  cent,  of  total  solids,  of 
which  0.9  per  cent,  was  fat. 
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A  sample  of  separator  cream  was  found  to  contain  formaldehyde. 

A  sample  of  milk  which  caused  poisoning  in  Salem  showed  strong 
indications  of  the  presence  of  tyrotoxicon. 

Comparative  tests  have  been  made  in  this  laboratory  from  time 
to  time  to  show  the  accuracy  of  the  Babcock  process  of  fat  deter- 
mination, which  we  have  used  for  six  years,  taking  the  Adams- 
Soxhlet  method  as  a  standard  for  comparison.  The  following 
figures  show  the  results  of  such  comparative  determinations  made 
in  duplicate  on  three  samples  of  milk,  viz.,  a  whole  milk,  (1)  and 
(2),  a  watered  milk,  (3)  and  (4),  and  a  milk  centrifugally  skimmed, 
(5)  and  (6). 

Comparative  Fat  Determination  hy  Adams-Soxhlet  and  by  Babcock  Processes, 


Per  Cent,  of  Fat 

by  the  Adams- 

Sokhlet  Frooesa. 


Percent,  of  Fat 

bj  tbe  Baboock 

Procesa. 


▲  whole  mtlk  (1), 

(2). 
A  watered  milk  (S), 

(4). 
A  akimmed  milk  (6), 


4.80 
4.8A 
2.80 
2.85 
0.16 
0.15 


Condensed  Milk. 

Of  the  48  samples  of  condensed  milk  the  analysis  of  which  are 
given  in  detail  in  the  accompanying  table,  at  least  18  should  be 
classed  as  adulterated,  being  obviously  made  from  skimmed  milk. 

The  actual  number  of  brands  represented  in  the  adulterated  series 
is,  however,  comparatively  small,  since  a  large  number  of  samples 
of  each  of  several  such  brands  were  analyzed  for  purposes  of  prose- 
cution or  otherwise.  Fifteen  of  the  adulterated  samples  were  made 
from  centrifugally  skimmed  milk,  and  of  these,  13  were  the  product 
of  one  manufacturer,  who  put  out  virtually  the  same  milk  under 
various  names. 

Attention  is  called  to  the  "  Dewey  Brand,'*  which  was  put  up  in 
glass  jars  and  bore  on  the  label  a  portrait  of  the  **  hero  of  Manila," 
together  with  the  assertion  that  it  was  made  "  from  the  purest  milk 
in  Worcester  County."  Its  fat  content  was  only  0.75  per  cent., 
corresponding  to  a  fat  in  the  original  milk  of  0.25  per  cent. 
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Condensed  Milkt. 


Braiip. 

1 

1 

1 

1 

1 

a 

1 

• 

i 

< 

2^ 

Full  Weight 

79.17 

81.82 

20.88 

47.86 

0.67 

7.05 

12.00 

1.80 

6.n 

^ 

J.  B.  Smith,     . 

72.76 

80.80 

27.24 

42.46 

0.57 

7.77 

11.40 

1.6« 

6.61 

0 

Thletle,    . 

71.60 

87.20 

28.40 

84.81 

16.76 

7.01 

11.10 

1.60 

3.90 

1 

PoroelaiD, 

60.62 

88.85 

80.48 

85.67 

14.66 

6.63 

10.86 

1.80 

4.O0 

. 

Bote, 

80.82 

84.54 

10.68 

46.78 

11.96 

0.72 

10.80 

2.06 

4.27 

9 

Hampden, 

67.87 

81.00 

82.18 

86.87 

9.80 

0.20 

10.80 

1.60 

4.08 

• 

Gape  AoOl^     . 
DlamoDd  w.,  . 

68.68 

28.87 

81.82 

80.81 

8.87 

8.77 

10.20 

1.68 

6.10 

0 

73.80 

26.64 

26.11 

47.85 

6.82 

8.26 

10.20 

1.76 

4.21 

10 

Boee, 

76.78 

88.06 

28.22 

48.72 

11.85 

0.87 

10.20 

1.64 

4.11 

11 

Standard, . 

78.84 

29.50 

26.10 

44.28 

14.56 

7.86 

10.02 

1.84 

4.77 

10 

Maine,      . 

71.66 

88.44 

28.44 

41.72 

11.96 

9.73 

9.00 

1.66 

8.07 

10 

Baby, 

70.80 

27.01 

29.70 

48.29 

17.78 

8.27 

9.90 

1.16 

4.67 

20 

Pare  Food, 

66.64 

28.02 

88.46 

88.62 

8.87 

8.66 

9.60 

1.60 

8.86 

20 

MUk  Maid,       . 

74.72 

84.10 

26.28 

40.58 

15.28 

7.80 

9.45 

1.70 

8.56 

14 

Milk  Maid,       . 

76.77 

84.81 

24.28 

41.46 

18.40 

10.01 

9.00 

1.00 

3.31 

17 

Milk  Maid,       . 

76.08 

35.68 

28.02 

40.40 

15.28 

0.70 

0.00 

1.75 

3.15 

U 

Roee, 

76.47 

87.71 

28.58 

88.76 

10.75 

10.18 

9.00 

1.88 

S.9I 

11 

Rival,       .       .       . 

78.10 

88.20 

21.81 

89.00 

18.67 

0.07 

0.00 

1.56 

2.00 

10 

Jersey,     . 
Bethel,      . 

76.08 

29.18 

24.97 

46.85 

11.17 

7.88 

8.40 

1.78 

3.n 

12 

77.20 

81.80 

22.80 

46.81 

11.06 

9.76 

8.40 

i.n 

3.88 

8 

Pine  Tree, 

76.10 

86.08 

24.90 

88.02 

16.28 

10.44 

8.40 

2.01 

2.81 

U 

Oail  Borden  Eagle, 

78.20 

80.20 

26.80 

48.00 

14.07 

6.08 

8.10 

1.06 

3.42 

18 

Beacon,    . 

70.41 

26.51 

29.50 

48.00 

7.70 

0.86 

7.80 

1.66 

2.52 

12 

HoneysQckle,  . 

71.20 

29.70 

28.80 

41.44 

10.47 

0.71 

7.80 

1.78 

8.30 

11 

Ohallenge, 

80.24 

80.72 

10.76 

40.52 

12.41 

8.77 

7.80 

1.74 

8.18 

. 

CballeDge,       . 

74.14 

29.9r 

25.86 

44.47 

11.16 

0.65 

7.20 

1.66 

2.94 

12 

Tip  Top,  . 
Rnseeirs, . 

77.76 

88.27 

22.26 

44.48 

11.16 

13.20 

7.20 

1.71 

2.23 

U 

74.66 

29.98 

26.86 

44.72 

10.46 

11.10 

6.60 

1.71 

2.64 

• 

Oail  Borden  Eagle, 

78.70 

80.18 

24.08 

46.70 

18.06 

8.40 

6.60 

1.82 

2.81 

11 

Magnolia, 

70.00 

80.76 

21.00 

48.25 

11.61 

10.74 

6.40 

1.80 

2.54 

10 

Leader,     . 

78.04 

82.52 

21.96 

45.52 

18.40 

11.00 

5.40 

1.82 

1.85 

19 

Standard, . 

78.04 

26.06 

26.96 

46.08 

7.44 

18.58 

4.80 

1.14 

2.02 

U 

Ginter*s,  . 

69.80 

29.16 

80.70 

40.16 

11.80 

12.15 

8.06 

S.06 

1.04 

• 

Dewey,    . 

70.14 

27.29 

20.86 

42.85 

18.40 

9.66 

1.80 

2.43 

0.62 

14 

Deftanee, . 

70.64 

81.81 

20.86 

20.88 

14.61 

12.04 

1.80 

2.86 

0.57 

1 

Dewey,    . 

70.68 

27.99 

20.82 

42.60 

18.40 

10.78 

1.85 

2.46 

0.47 

14 

Anchor,    . 

70.11 

80.24 

29.89 

89.87 

15.02 

12.84 

1.20 

1.64 

0.88 

• 

Sanahine,         . 

76.48 

86.29 

28.52 

40.20 

15.06 

16.06 

0.00 

2.71 

0.27 

1 

Dewey,     . 

70.04 

26.92 

29.26 

48.12 

14.20 

10.06 

0.76 

1.90 

0.26 

U 

Dewey,    . 

67.07 

27.66 

82.08 

80.42 

18.40 

11.10 

0.76 

2.81 

o.ts 

14 

Dewey,    • 

60.16 

27.26 

80.86 

41.89 

14.50 

10.03 

0.76 

1.98 

0.26 

U 

Monarch, . 

64.66 

80.86 

85.84 

84.80 

16.95 

11.12 

0.75 

2.54 

0.24 

14 

Monarch, . 

65.27 

28.91 

84.78 

86.86 

16.75 

0.06 

0.30 

1.90 

0.10 

14 

Dewey,     . 

66.64 

27.41 

84.46 

88.18 

18.40 

11.38 

o.ao 

2.88 

0.10 

U 

Dewey,     . 

66.79 

27.66 

84.21 

88.28 

18.40 

11.50 

O.M 

2.86 

0.10 

U 

Dewey,     . 

67.28 

27.62 

82.72 

80.66 

13.40 

11.67 

0.80 

2.86 

0.10 

14 

Monarob, .       .       . 

66.11 

30.86 

88.80 

86.76 

16.84 

11.61 

0.16 

2.26 

0.01 

14 

Dewey,    . 

69.06 

26.79 

80.04 

48.27 

11.56 

U.78 

0.00 

2.46 

Trace. 

14 

Butter. 
Three  hundred  and  thirty-seven  samples  were  examined^  of  which 


2  were  found  to  be  oleomargarine. 


Canned  Goods. 
These  consisted  mainly  of  canned  fruits  and  vegetables,  such  as 
peaches,  plums,  apples,  tomatoes,  peas,  beans,  etc.,  examined  for 
metallic  contamination,  and  canned  soups  for  preservatives.    Some 
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of  the  canned  vegetables  were  greened  with  copper  sulphate,  and 
others,  found  to  contain  copper,  derived  it  evidently  from  the  ket- 
tles or  utensils  used  in  cooking.  A  few  contained  lead  in  appre- 
ciable amount,  probably  from  the  solder  of  the  cans. 

The  following  samples  of  canned  vegetables  were  kept  in  the 
laboratory  fifteen  months  before  being  examined  for  copper  and 
lead :  — 


Chasaotn  of  Sakpui. 


Brand. 


Capacity  of 

Can  In 
Grammes. 


Grammes  of 

Copper 
In  Contents. 


Grammes  of 

Lead 
In  Contents. 


Cabbage, 
GInme, 
Peas,. 
Peas,  . 


Squash,  .       . 
Btring  Beana  (Trench), 

String  Beaoa,  . 

String  Beana,  • 

Pnmpkio,  .  • 
Tomatoes,  • 
Tomatoes, 


HAtehet, 
Team,    . 
Bine  BeUi, 
Oval, 
Pawtnzet, 
Marrow, 
Extra  Fine, 
First  Quality 
Clipper, . 
Beneca,  • 
Extra  Fine, 
ICt.  Pleasant, 


160 
160 
150 
200 
200 
800 
200 
260 
200 
20O 
20O 
200 


0.0000 
0.0022 
0.0000 
0.0000 
0.0000 
0.0124 
0.0188 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 


0.0008 
0.0002 
0.0002 
0.0008 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0000 
0.0000 
0.0000 


Samples  of  sardines  in  mastard  and  oil  were  examined  for  salts 
of  tin,  the  cans  showing  considerable  corrosion,  due  to  the  vinegar 
with  which  the  mustard  was  mixed.  The  contents  of  a  half-pound 
can  were  found  to  contain  the  equivalent  of  0.376  grammes  of 
metallic  tin,  while  that  of  a  quarter-pound  can  contained  0.072 
grammes. 

Samples  of  tomato  soup  were  found  preserved  with  salicylic 
acid. 

Forty-five  samples,  all  genuine,  were  examined.  Several  samples 
of  *«  skim-milk"  cheese  were  found. 


Chocolate  and  Cocoa. 

Thirty-six  samples  were  analyzed,  of  which  17  were  adulterated. 
Those  classed  as  adulterated  were  mainly  cocoas  containing  added 
wheat  or  sugar.     The  poorest  sample  contained  15  per  cent,  of  wheat. 
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Coffee. 

Of  157  samples  examined,  15  were  adulterated,  the  worst  sample 
containing  90  per  cent,  of  roasted  peas,  wheat,  pea  hulls  and  chiccory. 
Other  adulterants  found  were  bark,  wood  and  charcoal. 

A  number  of  so-called  coflfee  substitutes  were  examined,  most  of 
which  were  composed,  as  alleged,  of  cereals  only.  Some  contained 
roasted  wheat  alone ;  others  were  mixtures  of  wheat  and  peas,  and 
a  few  contained  chiccory.  Nearly  all  of  these  goods  have  labels 
calling  attention  to  the  evil  eflfects  of  coflfee,  and  one  of  the  latter 
class,  purporting  to  contain  nothing  but  the  entire  wheat  kernel 
roasted  and  ground,  had  also  peas  and  about  30  per  cent,  of  that 
**  most  harmful  ingredient"  coflTee  itself. 

Cooking  Utensils. 

Under  this  head  were  examined  15  samples  of  enamelled  iron 
ware  for  metallic  poison  in  the  glaze.  The  glaze  was  treated  by 
boiling  at  least  half  an  hour  with  concentrated  sulphuric  acid,  and 
the  resulting  solution  tested  in  each  case  for  arsenic  and  antimony. 
Six  were  found  free  from  bpth  these  metals,  and  9  contained  an 
appreciable  amount  of  antimony.  No  arsenic  was  found  in  any 
case.  It  is  extremely  doubtful  if  any  of  the  ordimary  culinary 
operations  would  extract  enough  antimony  to  prove  harmful  even 
if  it  were  present,  so  strongly  is  it  held  in  the  glaze. 

Confectionery. 

Eighty-nine  samples  were  examined,  3  of  which  contained  chro- 
mate  of  lead.  Of  late  years  this  pigment  has  been  rarely  used  as  a 
coloring  for  candy,  since  the  harmless  anilines  are  much  more  bril- 
liant and  serviceable  for  this  purpose.  In  the  3  samples  reported 
to  contain  it,  the  lead  chromate  was  present  in  such  small  amount 
that  it  was  evidently  an  impurity  in  the  coloring  matter  used  in 
each  case. 

Cream  op  Tartar. 

Of  the  392  samples  examined,  19  were  adulterated.  One  sample 
contained  70  per  cent,  of  corn-starch  and  gjrpsam.  Other  adulter- 
ants found  during  the  year  were  alum  and  acid  phosphate  of  lime. 
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Flour. 

The  adulteration  of  flour  has  apparently  not  been  largely  prac- 
tised in  this  State.  Of  145  samples  of  flour  collected,  only  5 
proved  on  examination  with  the  microscope  to  contain  anything 
other  than  the  product  of  the  wheat.  These  5  samples  contained 
small  portions  of  corn-starch,  but  by  no  means  to  the  extent  of  some 
of  the  **  mixed  flours"  sold  in  the  West. 

Honey. 

Ninety-four  samples  were  tested,  of  which  14  were  adulterated 
with  cane  sugar  or  glucose  syrup.  In  some  cases,  both  these  adul- 
terants were  found.  One  sample  contained  68  per  cent,  of  glucose 
syrup  and  10  per  cent,  of  cane  sugar. 

Lakd. 

Thirty-eight  samples  were  examined,  2  being  found  to  contain 
cotton-seed  oil.  The  Zeiss  Refractometer  has  been  found  to  be  the 
most  ready  means  of  indicating  suspicious  samples. 

Maple  Sugar. 

Five  samples  were  adulterated  out  of  the  50  examined,  consisting 
wholly  or  in  part  of  cane  sugar  other  than  maple. 

One  sample  of  maple  sugar  known  to  have  been  made  from  sap 
drawn  from  the  tree  through  a  lead  spigot  (which  is  a  common  prac- 
tice in  New  York  State)  was  examined  for  lead.  Only  0.00017 
gramme  of  lead  was  found  in  400  grammes  of  the  sample. 

Maple  Syrup. 

Sixty  samples  of  maple  syrup  were  examined,  all  pure  but  1, 
which  contained  23  per  cent,  of  glucose  syrup. 

Molasses. 

Of  135  samples  analyzed,  12  contained  commercial  glucose,  the 
sophisticated  samples  containing  from  20  to  70  per  cent,  of  this 
adulterant. 

Syrup. 

Four  samples  were  examined,  all  genuine. 
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Tea. 

Eighty-eight  samples  were  tested,  3  of  which  contained  admix- 
tures of  stems  and  dirt. 

Vinegar. 

Vinegar  still  takes  the  lead  as  the  highest  adulterated  of  &Dy 
article  of  food  on  the  list,  53  per  cent,  of  the  samples  being  below 
the  standard.  Thirty-three  out  of  the  62  samples  examined  were, 
in  fact,  adulterated.  The  total  solids  of  several  samples  were 
abnormally  high,  having  been  ** reinforced"  with  caramel,  etc. 

The  following  table  shows  the  acidity  and  total  solids  of  the 
samples  tested.  The  legal  standard  requires  4.5  per  cent,  of  acetic 
acid  and  2  per  cent,  of  solids.  The  full-faced  type  indicates  those 
samples  found  below  the  standard,  as  well  as  those  otherwise 
adulterated. 


P«r  Cent. 

Per  Cent. 

Per  Cent 

Per  Cent 

Percent 

PwCent 

Percent 

PerOoL 

of 

of 

of 

of 

of 

of 

of 

of 

Aoetle  Acid. 

Sohdi. 

Aeetlc  Add. 

Solids. 

Aoetle  Add. 

SoUde. 

Acetic  Add. 

BolMi. 

0.32 

5.00 

5.18 

1.62 

4.70 

2.08 

4.60 

2.46 

6.28 

5.02 

5.02 

1.24 

4.70 

2.26 

4.50 

2.06 

6.12 

1.78 

5.06 

1.56 

4.70 

8.22 

4.50 

2.72 

5.98 

1.00 

6.00 

2.70 

4.66 

2.70 

4.50 

2.21 

5.84 

1.50 

5.00 

1.46 

4.66 

2.40 

4.50 

2.S3 

6.7S 

2.81 

4.96 

2.20 

4.66 

2.80 

4.50 

1.8B 

5.68 

i.to 

4.90 

2.86 

4.66 

2.44 

4.46 

2.91 

5.6t 

1.85 

4.86 

2.31 

4.64 

2.60 

4.40 

2.81 

5.60 

_• 

4.82 

2.18 

4.64 

S.08 

4.46 

1.78 

6.86 

2.21 

4.82 

2.88 

4.6f. 

1.9t 

4.28 

1.14 

5.85 

1.00 

4.82 

2.00 

4.60 

2.28 

>       4.21 

2.14 

6.80 

5.04 

4.80 

1.80 

4.60 

2.16 

4.  It 

2.91 

6.16 

2.06 

4.74 

1.80 

4.56 

1.20 

8.61 

2.41 

5.14 

1.40 

4.72 

2.20 

4.5t 

1.00 

8.06 

8.41 

5.14 

1.11 

4.72 

1.68 

4.62 

2.07 

8.06 

1 

1.91 

*  White  wine  Tinegar. 


Spices. 

Allspice.  —  One  himdred  and  sixty-five  samples  were  examined, 
of  which  14  were  adulterated.  One  sample  contained  70  per  cent, 
of  nut  shells,  corn,  pepper  and  turmeric. 

Cassia.  —  Of  219  samples,  16  were  adulterated,  the  poorest 
sample  containing  90  per  cent,  of  wheat,  powdered  charcoal  and 
turmeric.  One  sample  of  so-called  cassia  contained  no  less  than 
six  foreign  ingredients  mixed,  viz.,  wheat,  corn,  nut  shells,  tur- 
meric, pepper  and  mustard. 
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Cayenne. — Thirty-eight  samples  were  examined,  of  which  10 
were  adulterated.  One  sample  contained  55  per  cent,  of  rice, 
wheat  and  turmeric.  Other  adulterants  found  in  cayenne  were 
ground  fruit  stones,  redwood  and  buckwheat. 

Cloves. — Of  294  samples  examined  35  were  adulterated.  The 
worst  sample  contained  70  per  cent,  of  peas  and  pea  hulls.  Other 
foreign  substances  found  in  cloves  were  stems,  pepper,  fruit  stones, 
wheat  bran,  sawdust  and  charcoal. 

Ginger.  —  Two  hundred  and  nine  samples  were  analyzed,  of 
which  27  were  adulterated.  One  sample  consisted  almost  wholly 
of  turmeric,  wheat  and  buckwheat.  Other  adulterants  found  in 
ginger  were  rice  and  sawdust. 

Mace.  —  Sixteen  samples  were  tested,  half  of  which  were  of  poor 
quality.  The  worst  sample  contained  30  per  cent,  of  com.  Wild 
mace  is  another  common  adulterant. 

Mustard.  —  This  is  the  most  commonly  adulterated  of  all  spices. 
Two  hundred  and  ninety-three  samples  were  tested,  94  being  adul- 
terated. One  sample  contained  80  per  cent,  of  rice,  wheat  and 
turmeric.     Several  samples  contained  corn-starch. 

Nutmeg.  —  Of  15  samples,  2  were  adulterated,  1  containing  25 
per  cent,  of  nutshells. 

Pepper.  —  Three  hundred  and  eighty-seven  samples  were  ana- 
lyzed. Thirty-seven  were  adulterated.  The  worst  sample  con- 
tained 70  per  cent,  of  buckwheat,  nutshells  and  turmeric.  Com, 
cayenne  and  charcoal  were  also  found  as  adulterants  of  pepper. 

Miscellaneous  Foods. 

Baking  Powders.  —  A  large  number  of  brands  were  examined, 
many  of  which  contained  alum. 

Bologna  Sausages  were  found  colored  with  Bismarck  brown. 
They  were  examined  for  arsenic  (as  an  impurity  in  the  color)  but 
were  found  free  from  it. 

Cider.  —  Samples  of  bottled  sweet  cider  and  of  boiled  cider  were 
examined  for  preservatives.     Of  5  samples  of  boiled  cider  exam- 
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ined,   3  contained  salicylic  acid.     Two  samples  out   of  5  of  the 
sweet  cider  were  found  to  contain  salicylic  acid. 

Cider  Jelly.  —  Several  samples  of  this  jelly  were  found  to  l)e 
preserved  with  salicylic  acid. 

Codfish.  — It  is  a  common  practice  to  use  boracic  acid  as  a  pre- 
servative in  codfish.     Several  brands  were  found  to  be  so  treated. 

Evaporated  Apples,  —  Samples  of  these  were  examined  for  zinc 
derived  in  some  cases,  as  experience  has  shown,  from  the  trays  on 
which  they  are  dried.     One  sample  was  found  to  contain  it. 

Flavoring  Extracts^  etc.  —  Samples  of  **  vanilla  extract"  were 
found  to  depend  wholly  or  in  part  on  coumarin  for  their  flavor. 

A  sample  of  «*  vanilla  crystals  "  was  found  to  be  a  mixture  of 
granulated  sugar  and  coumarin. 

A  so-called  *'  vanilla  frostlene,"  intended  for  use  in  making  frost- 
ing for  cake,  was  an  aqueous  solution  of  coumarin,  gelatine  and 
sugar. 

An  **  extract  of  pineapple"  proved  on  analysis  to  be  an  alcoholic 
solution  of  amyl  butyrate. 

Junket  Tablets  were  found  to  contain  salt  and  dried  extract  of 
rennet. 

Lemonade  Crystals.  —  These  were  found  in  most  cases  to  be 
composed  of  granulated  sugar  and  lemon  juice.  One  sample  con- 
tained oil  of  turpentine. 

Pickles.  —  One  sample  was  found  to  contain  sulphuric  acid. 

Preparations  for  Hasty  Deserts.  —  A  number  of  these  have  been 
examined.  Their  chief  ingredients  are  gelatine  and  citric  acid, 
some  with  and  some  without  sugar.  One  sample  contained  gela- 
tine, orange  extract  and  an  aniline  dye ;  another,  corn-starch,  gela- 
tine and  chocolate.     They  contained  nothing  harmful. 

Somatose  Biscuit  was  found  to  contain  an  appreciable  amount  of 
albumose. 

Preservaline.  —  Attention  has  been  called  under  the  head  of  milk 
preservatives  to  a  preparation  of  this  name,  consisting  of  a  solution 
of  formaldehyde  for  use  in  milk.  Another  article,  called  by  the 
same  name,  and  advertised  as  a  *'  simple,  harmless  preparation  "^  to 
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keep  cider,  fruits,  vegetables,  preserves,  jellies,  jams,  mince  meat, 
grape-juice,  etc.,  from  spoiling,  was  examined  and  found  to  consist 
of  salicylic  acid.  According  to  directions  accompanying  the  sam- 
ple, three  measures  of  the  preservative  were  to  be  dissolved  in  a 
quart  of  water,  the  measure  being  a  small  paper  box  contained  in 
the  package. 

This  we  found  to  be  practically  a  saturated  solution  of  salicylic 
acid,  and,  according  to  directions,  certain  fruits  and  vegetables 
were  to  be  preserved,  without  cooking,  by  simply  soaking  in  this 
strong  solution  till  used.  In  the  case  of  fruits  thus  preserved  that 
are  to  be  eaten  without  subsequent  cooking,  such  as  berries  and  the 
like,  wherein  the  fruit  juice  mingles  with  the  acid  solution,  it  will 
be  seen  that  the  amount  of  salicylic  acid  taken  into  the  system  is 
relatively  large. 

Summary  of  Statistics  of  Foods  exclusive  of  Milk, 


Foods. 


Qennlne. 


Adnltoratad. 


ToUI. 


Per  Cent,  of 
AdalterfttloD. 


Allspice,  .  ^      . 
Butter,     . 
Canned  Goods, 
Cassia,     . 
Cayenne, . 
Cheese,    . 
Chocolate, 
Cloves,    . 
Coflfee,     . 
Condensed  Milks,    . 
Cooking  Utensils,   . 
Confectionery, 
Cream  of  Tartar,    . 
Flour,      . 
Ginger,    . 
Honey,     . 
Lard, 
Mace, 

Maple  Sugar,  . 
Maple  Syrup,  . 
Miscellaneous, 
Molasses, 
Mustard, . 
Nutmeg,  . 
Pepper,    . 
Svrup,     . 
Tea, 
Vinegar, . 

Totals,      . 


151 

14 

165 

835 

2 

337 

43 

26 

69 

203 

16 

219 

28 

10 

38 

45 

0 

45 

19 

17 

36 

259 

35 

294 

142 

15 

157 

30 

18 

48 

15 

0 

15 

86 

3 

89 

378 

19 

392 

140 

5 

145 

182 

27 

209 

80 

14 

94 

36 

2 

38 

8 

8 

16 

45 

5 

50 

59 

1 

60 

156 

82 

288 

123 

12 

185 

199 

94 

293 

13 

2 

15 

350 

37 

887 

4 

0 

4 

85 

3 

88 

29 

33 

62 

8,288 

500 

8,788 

8.5 
0.6 

37.6 
7.8 

26.3 
0.0 

47.2 

11.9 
9.5 

87.5 
0.0 
3.4 
4.8 
3.4 

12.9 

14.8 
5.3 

50.0 

10.0 
1.7 

84.4 
8.9 

82.1 

13.3 
9.6 
0.0 
3.4 

53.2 


13.4 
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Pharmacopceial  Drugs. 

Acidum  Benzoicum.  —  Three  samples  were  examined,  all  of  good 
quality. 

Acidum  Uydrobromicum  DUutum.  —  One  sample  of  this  drug 
was  tested  and  found  pure. 

Acidum  Sulphurosum.  —  The  single  sample  examined  wa^s  of 
poor  quality,  being  a  weak  sulphuric  acid. 

Acidum  Tannictim,  —  Two  samples  were  tested,  both  of  good 
quality. 

^ther.  —  Twenty-five  samples  were  examined,  all  of  good  stand- 
ard quality. 

^ther  Aceticus.  —  One  sample  was  analyzed  and  proved  to  be  of 
good  quality. 

Alcohol.  —  Fifteen  samples  were  examined,  of  which  3  were  be- 
low the  required  standard. 

Aloe  Purificata.  —  Eight  samples  were  examined,  2  of  which  were 
poor. 

Aloe  Socotrina.  —  Six  samples  were  tested,  all  pure. 

Aqua  Amr)W7iice.  —  Two  samples  were  examined,  both  of  which 
conformed  to  the  requirements. 

Aqua  AmmonicB  Fortior.  —  Of  the  9  samples  examined,  3  con- 
tained insufficient  ammonia. 

Aqua  Destilluta,  —  Of  the  17  samples  examined,  13  proved  to 
be  poor  by  reason  of  high  residues.  These  residues,  in  partd  per 
100,000  of  the  samples  analyzed,  are  as  follows :  — 

U.4  7.6  4.5  0.0 

10.0  6.9  8.6  0.0 

9.4  5.5  8.4  0.0 

9.4  4.7  3.0  0.0 

8.0 
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Argenti  Nitras,  —  Twenty  samples  were  analysed,  of  which  1 
was  of  poor  quality. 

Bismuthi  Subcarbonas.  —  Eighteen  samples  were  examined,  of 
which  3  were  not  up  to  the  requirements. 

Bismuthi  Subnitras.  —  Of  the  19  samples  examined,  5  were  not 
of  standard  quality. 

Galx  Ohlorata.  —  Five  samples  were  tested,  all  of  which  were 
far  below  the  standard  fixed  by  the  Pharmacopoeia.  The  following 
figures  show  the  per  cent,  of  available  chlorine  found  in  the  sam- 
ples examined,  the  standard  being  35  per  cent :  — 


Brookman^s  Brand,    .  .26.00 

Acme  Brand,  .7.00 

Acme  Brand,      ....      0.06 


Red  Cross  Brand, 
Lion  Brand, 


0.66 
7.00 


Capsicum.  —  Sixty-three  samples  were  examined,  of  which  13 
were  adultered  by  admixture  with  foreign  substances,  including 
wheat,  corn  and  red  wood.  The  worst  adulterated  sample  contained 
35  per  cent,  of  wheat  and  corn. 

It  is  interesting  to  compare  the  ratio  of  adulteration  of  capsicum 
as  a  drug,  which  is  20.6  per  cent.,  with  that  of  cayenne  from  the 
grocery  stores,  the  ratio  of  adulteration  of  which  has  been  seen  to 
be  26.3  per  cent. 

Caryophyllus.  —  Eleven  samples  were  examined,  all  pure. 

Cera  Alba,  —  Seventeen  samples  proved  to  be  all  of  good  stand- 
ard quality. 

Cera  Flava.  — The  2  samples  examined  were  pure. 

Cerii  Oxalas.  —  Six  samples  were  tested  and  found  of  good 
quality. 

Chloral.  —  Four  samples  were  examined,  all  good. 

Chloroformum.  —  Six  samples  were  examined,  of  which  1  was 
below  the  standard. 
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Cinnamomum  Cassia.  —  Eleven  samples,  all  of  good  quality, 
were  analyzed. 

Extractum  GlycyrrhizcB.  — Twenty-three  samples  were  examined, 
of  which  18  were  found  to  contain  admixtures  of  corn-starch,  1 
samj)le  being  found  with  30  per  cent,  of  that  ingredient. 

Extractum  Zingiberis  Fluidum.  —  Eight  samples  were  examined, 
of  which  7  were  found  to  be  of  poor  quality,  being  alcoholic  extracts 
of  oil-free  or  exhausted  ginger,  colored  with  caramel. 

Fein'i  et  Quimnce  Citras, — Nineteen  samples  were  examined. 
Of  these,  13  were  below  the  standard,  being  deficient  in  quinine. 

Ferri  et  Strychnines  Citras,  —  Of  the  12  samples  tested,  1  con- 
tained insufficient  strychnine. 

Glycerinum.  —  Forty-six  samples  were  tested,  1  being  of  poor 
quality,  containing  carbonizable  impurities. 

Limonis  Succus. — Twelve  samples  were  submitted,  all  of  poor 
quality.  All  were  deficient  in  citric  acid,  4  were  preserved  with 
salicylic  acid  and  2  contained  formaldehyde.  Notable  traces  of 
chlorides  and  sulphates  were  found  in  many  of  them. 

Two  samples  of  a  brand  known  as  **  Santiago  West  Indian  Lime 
Juice,  Triple  Refined,"  were  examined  and  proved  to  be  mixtures 
of  hydrochloric  and  salicylic  acids,  containing  in  fact  no  lime  juice 
whatever. 

Liquor  Magnesii  Citratis,  —  Of  the  3  samples  tested,  1  was  of 
poor  quality,  containing  the  equivalent  of  0.22  per  cent,  of  sulphuric 
acid  and  having  a  mouldy  sediment. 

3Iacis.  — One  sample  was  examined  and  found  pure. 

Myristica.  —  One  sample  of  pure  ground  nutmeg,  sold  as  a  drug, 
was  examined. 

Oleum  ^thereum. — One  sample  was  tested  and  found  of  poor 
quality. 

Oleum  Limonis.  —  Six  samples  were  examined,  of  which  one  was 
adulterated  with  20  per  cent,  of  oil  of  turpentine. 
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,OIeuni  Olivce. — Of  77  samples  tested,  25  consisted  wholly  or 
in  part  of  cotton-seed  oil.  The  Zeiss  Refractometer  proves  most 
useful  in  distinguishing  between  the  good  and  the  spurious  olive  oils. 

Opii  Pulvis.  —  Sixteen  samples  were  assayed,  6  of  which  were 
deficient  in  morphine  while  one  contained  too  much. 

The  following  figures  show  the  percentage  of  morphine  found  in 
the  various  samples,  the  standard  fixed  by  the  Pharmocopoeia  being 
not  less  than  13  nor  more  than  15  per  cent. :  — 


16.2 

18.9 

13.0 

9.7 

16.0 

13.9 

13.0 

8.8 

15. 0 

13.7 

12.1 

7.2 

14.9 

13.2 

10.6 

6.4 

Phnenta.  —  Ten  samples  were  analyzed,  all  good. 

Piper.  —  Eight  samples  were  tested,  one  of  which  was  adulterated 
with  20  per  cent,  of  buckwheat. 

Potas,^ii  Bitartras.  —  Thirty-four  samples  were  examined,  all 
pure. 

Pulvis  Glycyrrhizoi  Compositus. — Three  samples  were  exam- 
ined, of  which  one  was  adulterated  with  35  per  cent,  of  corn- 
starch. 

8aj)o.  —  One  sample  was  tested  and  found  to  be  of  good  standard 
quality. 

Sinapis  Alba.  —  Three  samples  were  examined,  of  which  1  was 
adulterated  with  wheat. 

Spiritus  ^theris  Gompositus.  —  Seven  samples  were  analyzed, 
of  which  2  were  of  poor  quality,  containing  no  ethereal  oil. 

Spiritus  Frumenti.  —  Twenty-three  samples  were  examined,  none 
of  which  conformed  in  all  particulars  to  the  pharmacopceial  stand- 
ard. Several  samples  having  sufficient  alcoholic  strength  and  low 
in  solids  were  found  to  have  insoluble  residues. 

The  percentage  of  alcohol,  and,  in  some  cases,  of  the  solids, 
are  as  follows :  — 
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Per  Cent. 

Per  Cent. 

Percent 

Percent 

Percent 

Per  Cent 

FWCwt 

PerCML 

Alcohol. 

Solids. 

Alcohol. 

Solids. 

Alcohol. 

Solids. 

1 

Akdhol. 

SoUds. 

49.00 

0.20 

44.18 

41.20 

0.57 

38.00 

^^ 

46.09 

— 

43.71 

— 

39.80 

— 

36.78 

0.20 

44.64 

0.80 

43.83 

~ 

39.70 

0.02 

36.56 

1.52 

44.27 

— 

43.05 

0.68 

89.10 

-. 

36.33 

— 

44.27 

0.78 

42.29 

0.60 

39.00 

— 

86.33 

0.16 

44.27 

^ 

42.19 

"* 

38.68 

^ 

^* 

' 

Spiritus  Juniperi.  —  Two  samples  were  examined,  both  of  which 
were  poor.    One  contained  added  water  and  1  had  oil  of  turpentine. 

Spiritus  Menthce  Piper itce,  —  One   sample   was   examined  and 
found  of  poor  quality,  containing  no  oil  of  peppermint. 

Spiritus   Vini  Gallici.  —  Of  4  samples  tested,  3  were  of  poor 
quality :  — 


Per  Cent 
Alcohol. 

Per  Cent 
Solids. 

Per  Cent 
Alcohol. 

Percent 
Solids. 

Per  Cent 
AJcohoL 

Per  Cent 
Solids. 

1 

Percent    1  PerCtat 
AlcohoL    1     Solids. 

49.00 

- 

44.14 

0.80 

42.43 

0.30 

1 

41.40 

Syruptis.  —  Four  samples  were  examined,  2  of  which  were  de- 
ficient in  sugar. 

Vinum  Album.  —  Of  the  6  samples  examined,  all  were  below  the 
standard.  Added  alcohol  and  sugar  the  chief  falsification.  The 
percentages  of  alcohol  and  of  solids  were  as  follows :  — 


Per  Cent. 
AlcohoL 


19.06 
18.08 


Per  Cent 
SoUds. 


5.85 

5.68 


Percent 
AIoohoL 


17.25 
16.92 


Percent 
SoUds. 


5.94 

4.55 


Percent 
Aloohot 


Percent 
Solids. 


ptfOeat 

AloohoL 


PwOBtt 
Soltfs. 


16.31 


5.20 


15.92   .    4.62 


Vinum  Rubrum.  —  Ten  samples  were  analyzed,  all  being  beloir 
the  standard  by  reason  of  too  much  alcohol  or  by  added  sugar- 
Percentages  of  alcohol  and  of  solids  in  the  samples  were :  — 


No.  34.]         FOOD  AND  DRUG  INSPECTION. 


717 


Per  Cent. 

Alcohol. 

Per  Gent 
SoUdi. 

Per  Cent 
AloohoL 

Percent. 
Solids. 

Per  Cent. 

Alcohol. 

Per  Cent. 
Solids. 

Per  Cent. 

Alcohol. 

Percent 
SoUdi. 

19.67 
19.25 
18.88 

6.89 
13.46 
10.90 

16.92 
16.62 
16.23 

14.44 
16.78 
12.12 

1 

1     13.77 
13.31 

19.44 

10.15 

13.23 
11.31 

9.74 
11.76 

Tinctura  Ferri  Chloridi,  —  The  single  sample  examined  was 
found  to  be  of  insufficient  strength. 

Tinctura  lodi, — Thirty-one  samples  were  tested,  of  which  27 
were  below  the  standard. 

It  has  been  our  custom  to  express  the  results  in  terms  of  the  per- 
centage of  the  standard  strength  required  by  the  Pharmacopoeia. 
The  following  figures  show  the  results  thus  expressed  of  the  samples 
examined :  — 

Per  Cent,  of  United  States  Pharmacopmia  Strength, 


100.0 

88.7 

79.8 

78.3 

70.6 

100.0 

82.5 

78.0 

72.0 

70.0 

100.0 

81.4 

77.1 

71.6 

68.0 

100.0 

81.2 

76.3 

70.8 

67.9 

96.8 

80.2 

74.3 

70.8 

61.2 

89.7 

80.0 

73.9 

70.6 

88.6 

87.5 

Tindura  Opii.  —  Seventy-one  samples  were  assayed,  of  which 
54  were  found  deficient  in  morphine.  The  Pharmacopoeia  requires 
from  1.3  to  1.5  grammes  of  morphine  in  100  cubic  centimeters  of 
the  tincture.     The  samples  assayed  stood  as  follows :  — 

ChrammeB  Morphine  per  100  Cubic  Centimeters. 


1.47 

1.30 

1.18 

1.09 

1.01 

0.91 

0.79 

1.45 

1.30 

1.17 

1.09 

1.01 

0.88 

0.78 

1.42 

1.30 

1.17 

1.07 

0.99 

0.87 

0.77 

1.41 

1.80 

1.14 

1.06 

0.99 

0.86 

0.76 

1.89 

1.80 

1.14 

1.06 

0.96 

0.86 

0.74 

1.39 

1.26 

1.14 

1.06 

0.96 

0.86 

0.71 

1.88 

1.24 

1.13 

1.03 

0.98 

0.84 

0.62 

1.37 

1.28 

1.12 

1.08 

0.98 

0.83 

0.58 

1.37 

1.21 

1.11 

1.02 

0.93 

0.82 

0.67 

1.33 

1.19 

1.09 

1.02 

0.9t 

0.82 

0.52 

1.81 

Zingiber. — Five  samples  were  examined,  all  of  which  were  pure. 
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Miscellaneous  Drugs. 
Borated  Talcum  was  found  to  be  a  mixture  of  talc  and  borax. 

Catarrh  Cures.  —  Five  samples  were  examined,  4  of  which  were 
found  to  contain  cocaine. 

Cod  Liver  Oil  Emulsion.  —  Seventeen  samples,  representing 
several  brands  of  this  preparation,  were  examined  for  morphine 
and  found  not  to  contain  it. 

"  Cold  in  the  Head  Tablets''  were  found  to  contain  aconite,  cam- 
phor and  crposote. 

Extract  of  Malt  and  Iron  (Hqfs)  was  found  to  contain  4.18  per 
cent,  by  weight  of  alcohol. 

"  Emit  Cream  Lotion*'  proved  to  be  an  emulsion  of  almond  oil 
containing  borax. 

Gin.  —  Several  samples  were  examined,  and  found  to  be  of  suffi- 
cient alcoholic  strength. 

Grape  Juice.  —  Samples  of  this  preparation  were  found  pre- 
served with  salicylic  acid. 

Headache  Cures. — Twenty-one  samples  of  these  powders  were 
examined.  The  following  ingredients  were  found  in  them,  viz., 
celery,  sodium  bicarbonate,  antifebrin,  caffeine,  phenacetine,  starch, 
gentian  and  various  spices.  No  chloral,  cocaine  or  morphine  was 
found  in  any  of  them. 

A  favorite  prescription,  according  to  which  many  of  these  pow- 
ders is  prepared,  seems  to  be  a  mixture  of  acetanilide  (antifehrin), 
caffeine  and  bicarbonate  of  soda. 

Insecticides.  —  Several  samples  were  examined  and  found  to  con- 
tain nothing  poisonous  to  man.  One  sample  consisted  of  turpen- 
tine, resin  and  cresol ;  another  of  cocoa,  gypsum,  starch  and  boras, 
and  a  third  was  composed  almost  entirely  of  borax. 

**  Kohol.''  —  "  The  equal  of  alcohol  for  burning  purposes  but  not 
to  be  used  internally."  This  was  found  to  be  commercial  wood 
alcohol. 
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**  Quince  Lotion"  —  This  was  found  to  contain  borax  and  oil  of 
bergamot. 

Quinine  Pills. — Three  samples  of  «' two-grain"  pills  were  ex- 
amined. Of  these,  1  sample  proved  to  contain  2.05  grains  to  the 
pill  of  alkaloids,  reckoned  as  quinine  sulphate,  89.4  per  cent,  of 
the  total  alkaloids  being  quinine. 

Another  sample  showed  1.92  grains  per  pill  of  alkaloids,  85.9 
per  cent,  being  quinine. 

A  third  contained  1.97  grains  per  pill  of  alkaloids,  of  which  84.6 
per  cent,  was  quinine. 

One  sample  of  '*  three-grain  "  pills  showed  on  analysis  2.7  grains 
to  the  pill  of  alkaloids,  91.9  per  cent,  of  which  was  quinine. 

Hoot  Beer.  —  A  sample  was  found  to  contain  salicylic  acid. 

**  Skin  Success  Ointment."  —  This  was  found  to  contain  red  oxide 
of  mercury. 

Snuff.  —  Several  samples  were  examined  for  cocaine  and  found 
to  be  free  from  it.  Ingredients  of  these  preparations  were  chosen 
from  the  following :  camphor,  tobacco,  sodium  bicarbonate,  borax 
and  boracic  acid. 


Su>IMARY, 


Oenuine. 

Adaltented. 

Total. 

Per  Cent,  of 
Adulteration. 

Milk, 

Food  not  milk. 

Drags, 

•  •        • 
■        •        • 

•  •        * 

•  •        • 

4,182 

3,288 

581 

1,906 
600 
281 

6,088 

8,788 

812 

31.8 

13.4 

.     34.6 

Totals, 

7,961 

2,687 

10,688 

26.3 

Respect 

fully  subr 
ALBI 

Qitted, 
CRT  E. 

LEACH, 

Assistant 

1  Analyst, 
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WESTERN  MASSACHUSETTS. 


The  milk  of  the  four  western  counties  of  the  State  (Berkshire, 
Hampden,  Hampshire  and  Franklin) ,  so  far  as  can  be  ascertained 
from  the  samples  collected  and  examined  during  the  year,  was  of 
better  quality  than  the  general  average  of  other  parts  of  the  State. 
It  was  also  of  better  quality  than  that  of  the  previous  year  from  the 
same  district. 

The  percentage  of  the  samples  below  standard  quality  was  20.3, 
the  total  number  obtained  being  153,  and  the  number  of  those  below 
the  standard  being  .31,  or  20.3  per  cent. 

The  following  summary  embraces  the  samples  of  milk  obtained 
during  the  year  in  cities  and  towns  west  of  Worcester  County.  The 
results  of  analyses  were  as  follows :  — 

Whole  nnmber  examined, \5Si 

Number  above  standard, 122 

Number  below  standard, 31 

Percentage  below  standard, 30.3 

Nnmber  samples  of  skimmed  milk, 21 


Chicopee. 

Number  of  samples  examined, 24 

Number  aboye  standard, 23 

Number  below  standard, 1 

Percentage  below  standard, 4.2 

Number  samples  of  skimmed  milk, 4 

Edyoke. 

Nnmber  of  samples  examined, .  19 

Number  above  standard, 15 

Number  below  standard, 4 

Percentage  below  standard,    .       • 21.1 

Number  samples  of  skimmed  milk, 2 
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Northampton, 

Number  of  samples  examined, 25 

Number  aboye  standard, 19 

Number  below  standard, 6 

Percentage  below  standard, .24.0 

Number  samples  of  skimmed  milk, 7 

Springifield, 

Number  of  samples  examined,       .......  25 

Number  above  standard, 21 

Number  below  standard, 4 

Percentage  below  standard, 16.0 

Number  samples  of  skimmed  milk, 1 

The  results  in  the  towBS  were  as  follows  :  — 


Total. 


Abore 
Standard. 


Balow 
Standard. 


Percentage 

below 
Standard. 


Sktmmed 
MUlL. 


Montague, 
Orange,  . 
Westfield, 


18 
24 
18 


60 


18 
17 
14 


44 


5 
7 
4 


16 


26.7 


2 

4 
1 


CHAKLES  A.   GOESSMANN. 


UPOIC  TRB 


PEODUCTION,  DISTEIBUTION  AND  USE  OF 

DiPHTHEEiA  Antitoxin. 


[TM] 


REPORT 


X7P0H  THS 


Production,  Distribution  and  Use  of  Diphtheria 

Antitoxin, 


FOB  THB 


Twelve  Months  ending  Mabch  31,  1899. 


The  following  report,  like  its  predecessors  of  the  three  years 
1895,  1896  and  1897,  is  to  a  certain  extent  incomplete,  in  conse- 
qaence  of  the  absence  of  returns  from  a  considerable  number  of 
physicians  to  whom  antitoxin  was  issued  during  the  year  for  the 
treatment  of  diphtheria.  It  does,  however,  show  a  very  marked 
improvement  in  the  ratio  of  cases  in  which  a  bacterial  examination 
was  made.  This  is  accounted  for  chiefly  by  the  much  greater  ratio 
of  hospital  cases  treated  and  reported  upon.  The  reports  from  the 
Boston  City  Hospital  for  contagious  diseases  constitute  a  very  con- 
siderable proportion  of  the  whole,  since  antitoxin  has  been  issued 
to  the  hospital,  by  the  Board,  continuously  throughout  the  twelve 
months  embraced  in  the  report. 

Following  the  same  plan  which  was  begun  in  the  twenty-seventh 
annual  report,  this  fourth  report  upon  the  production  and  use  of 
antitoxin  embraces  the  work  done  in  this  direction  for  the  year 
ending  March  31,  1899. 

The  supervision  of  antitoxin  production  has  been  under  the  charge 
of  Dr.  Theobald  Smith,  assisted  by  J.  R.  Stewart,  throughout  the 
year.  The  distribution  has  been  conducted  from  the  office  of  the 
Board  at  the  State  House. 

The  strength  of  the  serum  issued  was  maintained  at  a  higher 
average  standard  than  that  which  had  been  attained  in  the  previous 
years,  while  a  small  amount  of  a  weaker  serum  was  furnished  for 
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hospitals  and  physicians  who  desired  it  for  the  purpose  of  immuni- 
zation. 

During  the  principal  part  of  the  year  the  strength  of  the  serum 
was  such  that  bottles  were  employed  for  its  distribution  containing 
only  5  cubic  centimeters  in  each,  this  amount  representing  1,000 
units  of  antitoxin.  A  portion  of  that  which  was  issued  was  of  still 
greater  strength. 

The  serum  was  generally  distributed  to  the  boards  of  health  of 
cities  and  towns,  to  contagious  disease  hospitals  and  to  physicians 
throughout  the  State. 

The  City  Hospital  of  Boston  began  using  the  serum  furnished  by 
the  Board  regularly  in  April,  1898,  and  from  that  date  continuously 
to  the  present  the  Board  has  furnished  the  entire  supply  of  the  hos- 
pital. This  additional  demand  greatly  increased  the  amount  required 
of  the  Board,  but  at  no  time  has  the  demand  exceeded  the  supply. 
The  experience  and  observations  of  past  years  have  enabled  the 
Board  to  anticipate  the  necessities  of  the  different  seasons  in  this 
particular,  so  that  a  sufficient  quantity  of  serum  may  be  produced  in 
the  summer,  during  the  time  of  diminished  demand,  to  provide  for 
the  usual  increase  which  has  followed  upon  the  advent  of  cooler 
weather. 

The  confidence  which  was  expressed  quite  generally  by  the  mem- 
bers of  the  medical  profession,  with  reference  to  the  value  of  anti- 
toxin in  diminishing  the  fatality  of  diphtheria,  has  now  become  so 
firmly  established  that  few  practitioners  would  be  willing  to  under- 
take the  treatment  of  the  disease  without  this  important  remedy. 
Expressions  of  doubt  which  were  occasionally  heard  in  1894  and 
1895  are  now  very  rare. 

The  total  number  of  packages  issued  by  the  Board  during  the 
four  years  ending  with  March  31,  1899,  was  as  follows :  — 

In  1895-96  (year  ending  March  31), 1,724  bottles. 

In  1896-97  (year  ending  March  81), 8^19  bottles. 

In  1897-98  (year  ending  March  81) 4,668  bottles. 

In  1898-99  (year  ending  March  31) 12,491  bottles. 

Total, 22,102  bottles. 

As  the  contents  of  each  package  represent  1,000  antitoxin  units 
of  serum,  the  total  quantity  in  the  four  years  amounts  to  over 
22,000,000  units. 
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Farther  comment  was  also  made  in  the  report  of  last  year  upon 
the  comparatively  small  ratio  of  reports  which  have  been  made  rela- 
tive to  the  use  of  the  product  by  physicians.  This  same  comment 
may  also  be  made  with  reference  to  the  work  of  the  past  year.  The 
reports  have  greatly  exceeded  in  number  those  of  1897,  but  the  ratio 
to  the  number  of  cases  remains  about  the  same. 

The  figures  presented  in  this  report  speak  for  themselves  so  far 
as  the  reduction  which  has  taken  place  in  the  fatality  of  diphtheria 
is  concerned.  The  fatality  in  the  pre-antitoxin  period,  as  shown  in 
past  reports  of  this  Board,  was  28.3  per  cent,  for  the  period  of  four 
years,  1891-94,  while  during  the  years  1895-98  the  general  fatality 
from  diphtheria  throughout  the  State  was  only  15.6  (see  page  766), 
and  for  those  cases  treated  with  antitoxin  it  was  only  10.7  per  cent, 
(see  page  736). 

The  strength  of  antitoxin  distributed  by  the  Board  averaged 
about  200  units  per  cubic  centimeter,  the  variability  being  mainly 
from  175  to  225  units  per  cubic  centimeter,  excepting  a  small 
quantity  which  was  produced  and  issued  for  the  purpose  of  im- 
munization. 

The  whole  number  of  cities  and  towns  to  which  antitoxin  was 
distributed  was  110,  or  4  less  than  those  which  were  published  in 
the  report  of  1897.  The  actual  number  in  each  year  was  probably 
somewhat  larger  than  these  figures,  since  a  few  of  the  more  distant 
cities  acted  as  distributing  centres  for  small  towns  in  their  neigh- 
borhood, and  in  some  instances  no  returns  were  made  from  these 
towns.  This  serum  was  distributed  to  local  boards  of  health  and 
to  physicians  in  the  following  cities  and  towns :  — 


Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  from  April  1,  1S98,  to 

March  31, 1899. 


CITT  OB  TOWH. 


Boston: 
City  Ho«pttml, 
Children's  Hospital* 
Oenerml  Supply,   . 

Worarster, 

Cambridge, 

Lawrenee, 


Namber 
Bottles. 


7,984 
005 
438 
894 
202 
17T 


CiTT  OB  TOWM. 


Number 
Bottles. 


Lowell, » 

Springfield, 

New  Bedford 

Everett, 

Waliham, 

Lynn,        

Somcrville 


148 
185 
120 

in 

110 

100 

98 
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Number  of  Battles  of  Diphtheria  Antitoxin  distributed  from  April  i,  1898,  to 

March  31, 1899  —  Continued. 


Gnr  ox  Towv. 

Paabody,  . 
Hyde  Park, 
Fitehburg, 
Hilford,     .       . 
Brookltne,        • 
NewtOD,    . 

MAld«D,       . 

Danyera,    •       • 

Watertown, 
North  AdamA,  . 
ChelMa,     . 
QaiDcy, 
Tet)rk>bitryi 
Arlington, 
Marlboroagh,   • 
Wobum,   . 
Wakefield, 
Plttofleld,  . 
Clinton,      . 
Beverly,    . 
North  Brookfleld, 
Medford,  . 
Fall  River, 
Oohasaet,  . 
Cbicopee,  . 
Btoneham, 
Adams,      •       . 
Lexington, 
WlDcheeter, 
Tauifton,   . 
MUtoo,      \ 
Medway,   . 
Weet  BprlDgfield, 
Brookfleld, 
Natiok,      . 
Framingham,    . 
Rockland, . 


7» 
74 
72 
71 
69 
06 
64 
68 
67 
M 
68 
48 
40 
88 
88 
86 
84 
82 
29 
28 
28 
27 
26 
25 
24 
24 
23 
22 
22 
22 
22 
21 
20 
19 
17 
17 
16 


Haverhill, . 
Wlnchendon»    . 
Newbaryport,  .       • 
Ipewlch,    .  • 

Rowley,     .       .       • 
Olonoeiter,       • 
Ware, 
Coneord,    . 
Weet  Brookfleld,      . 
Hanover,  . 
Andover,  . 
Brockton, . 
Weet  Medway, 
Brldgewater,     • 
North  Attleborongh, 
Northampton,  .       • 
Maynard,  . 
Attleborongh,  . 
Hingham, . 
Monaon,    . 
Weymonth, 
Warren,    . 
Leominster,      .        . 
Sonthbridge,     . 
Aahbnrnham,    . 
Marblehead, 
Dedham,   . 
Palmer,     . 
Norton,     . 
Manafleld, .       • 
Middleton, 
Norwood, . 
Hopedale, .       .        , 
Qrafton,    . 
Northbrldge,     . 
Lenox,       .        •        , 
Sonthampton,  . 


16 

16 

U 
U 

u 
u 

u 

14 

u 

IS 
IS 
IS 
IS 
IS 
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Number  of  Bottles  of  Diphtheria  AniUoxin  distributed  from  April  1,  1898,  to 

March  51,  i^^P  — Concluded. 


CiTT  om  Towv. 

Fozboroagh,     .       .       • 
Shirley.     .    '  . 

Belmont 

Revere,      .... 
South  Braiotree, 
Huntington, 

Hedford 

Spencer,    .... 
Hard  wick, 
Weatborongb,  . 
Uzbrldge». 

Hlngham,  .... 
Haverhill, .... 


Number 
Bottlee. 


'I 

6    I 

6 
5 
6 
4 

4 
4 
8 
8 


CiTT  OB  TOWH. 

Ayer,        .... 
MtddleboroQgh, 
Randolph, 

Bedford,    .... 
Aehland,   .... 
AbtngtoD, .... 
Worthlngton,   . 
Marshfleld, 
Georgetown,     . 
Sharon,      .... 
Dalton,      .... 
Edgartown, 

Total 


Number 
Bottlee. 


8 
8 
8 
8 
8 
8 
8 
8 
2 
2 
2 
2 


12,491 


The  following  list  presents  the  names  of  the  cities  and  towns  from 
which  detailed  reports  were  received  relative  to  the  use  of  antitoxin, 
with  the  number  from  each  town  and  the  number  of  physicians  re- 
porting in  each  during  the  year  ended  March  31,  1899  :  — 

List  of  Cities  and  Toums  from  which  Reports  have  been  received  relative  to  the  Use 
of  Antitoxin  in  the  Treatment  of  Diphtheria,  with  the  Number  of  Reports  from 
Each  and  the  Number  of  Physicians  reporting  in  Each, 


pLAcaa. 

Number  Phytl- 
dans    report- 
ing. 

Casec  in  which 
Cultures  were 
made. 

Cultures    were 
not  made. 

Placis. 

Number  Physi- 
cians   report- 
ing. 

Cases  in  which 
Cultures  were 
made. 

Cultures  were 
not  made. 

Adama, 

1 

1 

Chelaea 

8 

8 

2 

Arlington, 

2 

2 

- 

Frost  Hoepltal,  . 

2 

1 

2 

Atlantic, . 

1 

- 

1 

Cheetnnt  Hill, 

1 

8 

- 

Beverly,  . 

8 

2 

1 

Chieopee, 

1 

- 

1 

Boston,   . 

29 

89 

9 

Cohaaeet, 

1 

1 

- 

City  Hoapitai,     . 

1 

706 

25 

Dalton,   . 

2 

- 

8 

Broekton, 

1 

- 

1 

Danvera, 

1 

3 

8 

Brooklino, 

1 

1 

- 

Bverett,  . 

7 

6 

7 

Cambridge,     . 

2 

1 

1 

Fitchbnrg, 

!     10 

19 

1 

HoapiUl,     . 

1 

16 

t      " 

Foxborongh,  . 

1 

1 

1 
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List  of  CHies  and  Towns  from  which  Reports  have  been  received  relative  to  (he  Use 
of  Antitoxin  in  the  Treatment  of  Diphtheria^  with  the  Number  of  Reports  from 
Each  and  the  Number  of  Physicians  reporting  in  Each — Concladed. 


Placm. 

Nnmber  Physi- 
cians   report- 
ing. 

2  =  S 

Cultiirps   were 
not  made. 

Places. 

1 

1 

Nnmber  Physi- 
cians  report- 
ing. 

£9               S 
it          .     »• 

pi  11 

w        1  w 

Fnmlngbam, . 

1 

1 

- 

North  Adams, 

s 

2 

S 

Georgetown, 

1 

- 

1 

North  AttleboroQgfa,    . 

1 

- 

Hard  wick,      . 

1 

- 

8 

i  Peabody, 

. 

1 

11 

■ 

HATerhin, 

4 

- 

4 

'  SomervUle,     . 

10 

1 

2 

Holyoke, 

2 

_ 

2 

'  Sooth  Bralotree,    . 

1 

1 

Hyde  Park, 

1 

1 

Springfield,     . 

IS 

IS    1      11 

1 

Indian  Orehar 

d. 

2 

1 

1 

Sntton,    . 

1 

1 

Lawrence, 

« 

18 

Tannton, 

1 

1 

Ltncoln,  . 

1 

1 

- 

Three  Rivers, 

1 

-    1       2 

Linwood, 

1 

1 

1 

;  Upton,    . 

- 

Lndlow,  . 

1 

- 

1 

Uzbridge, 

A 

1 

Lynn, 

2 

T 

- 

Wakefield,      . 

- 

Hospital,     . 

1 

8 

8 

Waltham, 

17 

Mansfield, 

2 

1 

6 

1 

,  Ware,     . 

- 

Medford, 

2 

2 

Watertown,    . 

o 

• 

Merrick, . 

1 

- 

1 

1 

;  Waverly, 

1 

1 

Middleton, 

1 

1 

1 

1 

1  WestMedway, 

1  '    - 

1 

MlUbury, 

1 

3 

:  Weymoath,    . 

-    .       3 

Mittlneagne,  . 

1 

1 

- 

Winchester,   . 

2 

2    I       2 

Natick,    . 

, 

1 

1 

- 

1  Wobum, 

3 

«    ,      13 

New  Bedford, 

6 

6 

7 

Worcester,     . 

16 

61           A 

Newbnryport, 

1 
2 

1 
1 

1 

{      Isolation  HosplUl,     . 

1 

1 

4    i 

116 

Newton, . 

Total.       . 

fl 

187 

-1 

Summary  of  Results  for  the  Year  ended  March   31,  1899. 

Cases  in  ichtch  a  Bacterial  Eocamination  was  made. 

Following  the  same  method  of  classification  which  was  adopted 
in  the  report  of  the  three  previous  years,  the  cases  in  which  cultures 
were  made  are  classified  into  those  which  proved  on  examination  to 
be  cases  of  genuine  diphtheria  and  those  which  did  not ;  in  other 
words,  into  positive  and  negative  cases. 

Diagnostic  examinations  by  means  of  culture  were  made  in  1,413 
of  the  cases  reported  as  having  been  treated  with  antitoxin,  and  of 


No.  34.] 


DIPHTHERIA  ANTITOXIN. 


731 


these,  1,195  proved  to  be  cases  of  genuine  diphtheria  and  217  gave 
a  negative  result. 

Podtive  Cases. 

Of  the  1,195  positive  cases,  or  those  in  which  a  diagnosis  of 
diphtheria  was  made  by  means  of  bacterial  culture  from  the  throat 
of  the  patient,  there  were  1,100  recoveries  and  95  deaths,  or  7.9 
per  cent.,  an  improvement  over  the  results  of  the  three  previous 
years  which  were,  respectively,  13.7,  11.6  and  8.2  per  cent. 

Sex,  —  The  number  of  males  was  559,  and  the  deaths  of  these 
were  50,  or  9  per  cent.  The  females  were  626,  and  the  deaths  of 
these  were  43,  or  6.9  per  cent.  The  sex  of  10  was  not  stated; 
2  deaths. 

Ages.  — The  following  table  shows  the  cases  and  deaths  by  ages  :  — 


Tear  ended  March  31^  1899. 


Cuei. 

Deaths. 

Katalitt  (Per  Oknt.). 

AOB  PBBIOD8. 

1»»». 

1(197. 

From  0  to   2  years. 

From  2  to   6  years. 

From  5  to  10  years. 

Over  10  years,        .... 

Age  nnkiiown,        .... 

148 
418 
839 
292 
3 

27 
42 
16 
10 

1 

18.9 

10.0 

4.4 

8.4 

83.0 

12.1 

11.2 

8.2 

8.7 

0.0 

• 

1,195 

95 

7.9 

8.1 

-Day  of  Illness  when  Antitoxin  was  first  administered.  —  The 
following  table  presents  the  fatality,  according  to  the  day  of  illness 
on  which  the  antitoxin  w^as  first  administered :  — 


Cases. 

Deaths. 

Fatality  (Pes  Cbht.). 

DAT. 

IMS. 

1807. 

18M. 

is»a. 

First,        .... 

159 

18 

8.2 

8.0 

0.0 

0.0 

Second,    . 

834 

6 

1.8 

8.9 

9.5 

9.7 

Third,      . 

208 

18 

6.2 

7.0 

8.8 

8.7 

Fourth,    . 

152 

20 

18.2 

3.0 

22.7 

15.4 

Fifth,       . 

102 

12 

11.8 

11.8 

0.0 

22.2 

Sixth,       . 

50 

10 

20.0 

0.0 

14.8 

20.0 

Seventh,  . 

21 

2 

9.5 

80.0 

25.0 

88. 8* 

Eizhth  and  later,    . 
Unknown, 

67 

7 

10.4 

18.6 

16.6 

— 

102 

12 

^" 

"" 

*" 

" 

*  Berenth  day  and  Uit«r. 
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The  value  of  the  foregoing  table  consists  mainly  in  the  definite 
statement  of  the  fatality  of  cases  according  to  the  day  of  illness  at 
which  antitoxin  treatment  was  begun.  In  general,  it  shows  that 
the  ratio  of  success  in  treatment  depends  largely  upon  the  early  date 
at  which  antitoxin  is  first  administered.  A  fuller  and  more  conclusive 
summary  containing  greater  numbers  may  be  found  on  a  later  page. 

The  figures  for  1898  show  an  improvement  over  those  of  1897  in 
the  fact  that  58.7  per  cent,  of  the  cases  in  1898  were  treated  as 
early  as  the  first,  second  or  third  days  of  illness,  as  compared  with 
50  per  cent,  in  the  previous  year. 

Hospital  and  Private  ProA^tice.  —  The  fatality  of  the  positive 
cases  treated  in  hospitals  in  1898  was  as  follows :  cases  treated  and 
reported  upon,  970;  deaths,  75,  or  7.7  per  cent.  In  private  prac- 
tice :  cases,  225 ;  deaths,  20,  or  8.9  per  cent. 

Seasons  of  the  Year.  —  The  cases  embraced  in  the  foregoing 
enumeration  occurred  in  the  following  order :  — 


Months. 

CAsea. 

Deaths. 

Mouths. 

Cams.  '  DesU». 

April, 

May, 

June, 

July, 

August, 

Septembei 

IMS. 

i 
t 

* 

67 
52 
42 
61 
54 
67 

5 
7 
4 

5 
4 

7 

i8»a. 

October,. 
November,     . 
December, 

January, 

February, 

March,    .... 

Total  six  months,     . 

119          7 

178        9 
164  !    IS 

141       12 
122       11 
126       10 

Total  six  months,     . 

843  1     32 

1            1 

850      62 

By  the  foregoing  table  it  appears  that  there  were  343  positive 
cases  reported  in  the  warmer  months,  with  32  deaths,  and  850  cases 
in  the  colder  months,  with  62  deaths. 


Negative  Cases. 
The  reported  cases  in  which  a  negative  result  was  obtained  were 
217,  of  which  there  were  11  deaths,  or  a  little  over  5  per  cent. 
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Summary  of  the  Four  Years,  ended  March  31,  1899. 

Positive  Cases  treated  with  Antitoxin, 

Whole  number  for  the  four  years,  2,148;  deaths,  194;  fatality, 
9.03  per  cent. 

Sex.  —  The  fatality  by  sexes  was  as  follows  :  — 


Sbx. 


Caaea. 


Deaths. 


FaUltty 
(Per  Cent.). 


Males, 
Females, 


988 
1.136 


96 
92 


9.8 
8.1 


The  sex  of  29  was  not  stated.     Three  deaths, 
Affes.  —  The  fatality  by  ages  was  as  follows  : 


AOB  PUIODe. 


0  to    2  years, 
2  to    5  years, 
5  to  10  years, 
Over  10  years, 
Ag^  unknown. 


248 

46 

704 

84 

624 

4S 

555 

20 

17 

1 

Patalilv 
(Percent). 


18.5 

11.9 

6.9 

8.6 


Hospitals  and  Private  Ptactice. 

Caaee. 

Deatha. 

Fatality 
(Per  Cent.). 

In  hospitals, 

In  private  practice, 

1,268 
878 

107 
87 

8.4 

9.9 

Cases  in  which  no  Bacteriological  Examination  was  made  during 

the  Year  ended  March  31  j  1899. 

Reports  were  made  of  210  cases  where  antitoxin  was  employed, 
in  which  no  cultures  were  taken.  Out  of  this  number  there  were 
56  cases  which  proved  fatal,  or  26.2  per  cent,  of  the  whole. 
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The  unsatisfactory  character  of  the  information  in  regard  to  this 
class  of  cases  must  be  acknowledged^  since  in  none  of  them  was  a 
diagnosis  made  by  means  of  a  culture  from  the  throat  of  the  patient. 
In  several  instances  among  this  group  it  was  specifically  stated  in 
the  returns  that  the  patient  was  **  beyond  help,"  **  moribund,"  •*  in 
extremis,"  or  in  a  condition  of  '^  great  prostration  "  when  antitoxin 
was  administered. 

It  is  not  surprising,  therefore,  that  the  death  rate  of  this  class  is 
large,  since  a  considerable  number  of  the  patients  treated  were 
undoubtedly  beyond  the  reach  of  all  remedies. 

Sex.  —  The  number  of  males  in  this  class  was  110,  and  the  deaths 
of  these  were  33,  or  30  per  cent.  The  number  of  females  was  92, 
and  the  deaths  of  these  were  22,  or  23.9  per  cent.  The  number  of 
those  whose  sex  was  unknown  or  not  stated  was  8,  of  which  number 
one  died. 

Ages.  —  The  following  table  presents  the  cases  and  fatality  bj 
ages  among  this  class  :  — 


AoB  Pbsiods. 


Cams. 


Dcfttht. 


(PerOeaL). 


From  0  to   2  years, 
From  2  to    5  years. 
From  5  to  10  years, 
Over  10  years,  . 
Age  unknown,  . 


44 
71 
68 
83 
4 


18 

88 

8 

2 

0 


40.9 

S9.4 

13.8 

6.1 


Hospitals  and  Private  Practice.  — The  fatality  among  the  hospital 
and  private  cases  of  this  class  was  as  follows :  — 


Cmm. 

DMtha. 

ftttBir- 

Treated  in  hospitals, 

Treated  in  private  practice,      .... 

46 
164 

29 

27 

63.0 

16.4 

1 
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SEQUELiE. 

Among  the  cases  reported  in  1898,  some  sort  of  eruption,  either 
urticaria  or  erythema,  is  reported  to  have  been  noticed  in  393  in- 
stances. These  were  usually  slight  and  evanescent  in  character. 
Albuminuria  was  reported  in  441  cases,  but  in  fiiUy  three-fourths 
of  these  it  was  slight  or  consisted  of  a  trace  only. 

In  26  cases  rheumatic  pains  or  joint  affections  were  reported. 

Operations. 

Notes  are  made  in  the  returns  of  204  cases  in  which  intubation 
was  performed,  in  2  cases  twice,  in  2  cases  three  times  and  in  1 
case  eleven  times. 

The  number  of  deaths  among  these  intubated  cases  was  56. 
Tracheotomy  is  reported  as  having  been  performed  five  times  and 
was  followed  by  death  in  each  case. 

Among  the  cases  reported,  diphtheria  was  said  to  have  been  com- 
plicated with  scarlet-fever  in  ninety-nine  instances;  with  scarlet- 
fever  and  whooping-cough  once ;  with  scarlet-fever  and  chicken-pox 
three  times;  with  scarlet-fever  ahd  measles  twelve  times;  with 
scarlet-fever,  measles  and  chicken-pox  twice ;  with  whooping-cough 
fifteen  times ;  with  mumps  once ;  with  measles  forty-three  times ; 
with  pneumonia  twenty-six  times  ;  with  syphilis  once. 

In  the  annual  report  of  1896  a  summary  of  the  statistics  of 
fatality  from  diphtheria  in  certain  other  States  and  countries  was 
presented,  comprising  about  20,000  cases.  Very  much  additional 
testimony  of  the  same  kind  might  be  added  this  year,  the  accumu- 
lation of  which  all  tends  to  show  the  value  of  diphtheria  antitoxin. 
The  publication  of  such  material,  however,  is  now  scarcely  neces- 
sary, since  the  medical  profession  as  a  whole  may  be  said  to  have 
adopted  the  remedy  as  one  of  the  most  important  additions  to  the 
list  of  therapeutic  agents. 

The  following  statement,  published  in  the  annual  report  for  1896, 
applies  equally  to  the  results  of  the  year  1898  :  — 

It  is  quite  plain  that  a  comparisoD  of  the  fatality  of  cases  treated  with 
antitoxin  with  the  general  fatality  of  cases  of  diphtheria  previous  to  the  in- 
troduction of  this  therapeutic  agent,  or  even  with  cases  not  treated  with 
antitoxin,  which  occurred  at  the  same  period  with  those  so  treated,  does 
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not  do  justice  to  the  merits  of  antitoxin,  for  the  reason  that  such  a  compar- 
ison must  be  made  between  two  groups  or  classes  of  cases  which  are  DOt 
strictly  comparable,  since  one  contains  a  larger  and  the  other  a  smaller 
percentage  of  severe  cases  than  the  average.*  That  is  to  say,  the  general 
run  of  cases  treated  with  antitoxin  by  physicians  in  private  practice,  and 
especially  of  those  sent  to  hospital,  must  necessarily  be  a  selected  class,  in 
which  the  percentage  of  severe  cases  is  greater  than  it  is  in  the  whole  num- 
ber of  cases  of  diphtheria  occurring  or  reported  in  a  given  community. 

It  has  been  urged,  and  with  some  degree  of  reason,  that  the  diminution 
in  the  fatality  from  diphtheria  is  partly  due  to  the  introduction  of  bacterial 
diagnosis  by  means  of  cultures  from  the  throat,  whereby  mild  cases  of  ill- 
ness are  shown  to  be  cases  of  true  diphtheria  which  would  otherwise  have 
passed  unnoticed.  But  this  statement  is  in  some  measure  offset  by  the  fact 
that  a  considerable  number  of  cases  which  might  have  passed  for  diphtheria 
before  the  days  of  bacterial  diagnosis  are  now  classed  as  ^^  negative.'* 

The  most  important  lesson  which  is  taught  by  these  returns  is  the  neces- 
sity of  early  administration  of  the  antitoxin  in  each  and  every  case. 

Out  of  486  cases  in  which  antitoxin  was  administered  on  the  first 
day  of  illness  there  were  only  32  deaths,  or  6.6  per  cent. ;  and  out 
of  1,281  cases  treated  during  the  first  two  days  of  illness  there  were 
only  81  deaths,  or  6.3  per  cent. ;  while  the  deaths  in  307  cases  in 
which  antitoxin  was  not  employed  until  the  sixth  and  seventh  days 
and  later  were  54,  or  17.6  per  cent.,  the  patients  in  the  former  in- 
stances having  a  chance  of  living  nearly  three  times  as  great  as  in 

the  latter. 

General  Summart,  1895, 1896, 1897  and  1898. 

Positive  cases  treated  in  the  years  ending  March  81, 1899,  and  reported 

to  the  State  Board  of  Health, 2,U8 

Cases  in  which  no  bacteriological  examination  was  made,        .        .        .     1«192 

Total ^^^4ff 

Deaths  of  these, 358 

Fatality  (per  cent), 10.7 

Sexes, 

The  number  of  males  who  were  treated  was  f l^SS 

The  number  of  females  who  were  treated  was  t 1,745 

The  number  whose  sex  was  not  stated  was  f ^ 

Total, 8,340» 

•  In  thiB  nnmber  (8,340)  316  cases  in  which  a  bacterial  diagnosis  showed  negatiw  renlB 
are  not  included,  so  that  the  whole  nnmber  treated  with  antitoxin  of  whidi  retons  veit  nadt 
to  the  Board  was  8,806. 

t  Except  cases  determined  to  be  "negatiTe." 


No.  34.] 


DIPHTHERIA  ANTITOXIN, 


737 


Deaths  of  males, 179 

Fatality  of  males  (per  cent), 11.7 

Deaths  of  females, 166 

Fatality  of  females  (per  cent.), 9.5 

Deaths,  sex  not  stated, 13 

Deaths  by  Ages, 


AOX  PXBIODB. 


CaMi. 


Deatba. 


Fatality 
(Par  Ceot.). 


0  to  2  years,  . 
2  to  5  years,  . 
5  to  10  years,  . 
Over  10  years,  . 
Age  unknown  or  not  stated. 


Total, 


383 
1,069 
1,018 

821 
49 


3,340 


82 

153 

84 

34 

5 


358 


21.4 

14.3 

8.3 

4.1 

10.2 


10.7 


Day  of  Administration. 


Day. 


Caaw. 


Deatha. 


Fatality 
(Per  Cent.)- 


First, . 

Second, 

Third, 

Fourth, 

Fifth, . 

Sixth, 

Seventh  and  later. 

Unknown, . 


486 
795 
559 
410 
214 
111 
196 
569 


32 
49 
54 
59 
33 
22 
32 
77 


6.6 
6.2 
9.7 
14.4 
15.4 
19.8 
16.3 
13.5 
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Diphtheria  Cultures  examined  during  the  Year 

ENDING  March  31, 1899. 


Bacteriological  Diagnosis  of  Diphtheria  for  the  Year  end- 
ing March  31,  1899. 

During  the  year  bacteriological  examination  has  been  made  of 
1,591  cultures  from  103  different  towns  and  cities  in  the  State. 
Of  these  cultures,  849  were  for  diagnosis  and  728  for  release  from 
quarantine.  While  the  distribution  of  culture  outfits  has  been 
wider  and  the  number  of  cities  and  towns  making  use  of  the  ser- 
vice greater  than  last  year,  the  total  number  of  cultures  received 
for  examination  was  smaller.  Several  cities  and  institutions  have 
used  the  State  Board  culture  outfits,  but  have  made  their  own  ex- 
aminations. The  following  table  gives  the  results  of  the  examina- 
tions made  at  the  State  Board  laboratory  during  the  year :  — 


CULTUUS  KZAXnrBD  FOK 
DIAOHOSM. 

CaltnrM 

WhAfe 

Place. 

FOSltlTt. 

Ncgatirt. 

DoubtftiL 

Adams,  . 
Andover, 
Arlington, 
Ashland, 
Athol,     . 
Attleborough, 
Barnstable, 
Bedford, 
Berlin,    . 
Beverly, . 
Bolton,   . 
Boston,  . 
Brockton, 
Brookfield,     , 
Brookline, 
Cambridge,    , 
Cbarlestown, . 
Chelsea, . 

29 

2 

2 
13 

7 

44 

3 
6 
6 

1 
2 

1 
3 

9 

1 

1 
15 

2 

2 

12 

4 

1 

1 

14 
1 
1 
3 
1 
3 
1 
2 
16 

1 

5 
7 

47 
1 
2 
4 
I 
3 
6 

36 
2 
1 
4 
9 
3 
I 
2 

74 
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GULTOBBS  XXAMINBO  lOB 

DUGWOIM. 

Cnltnrei 

•zamlned 

finrBeleaM 

fromQoar- 

antiiie. 

Whole 

Plaob. 

Podtive. 

KegtttiT*. 

DoQblfti]. 

Number  of 

Cultnret 

examined. 

Clinton, 

5 

5 

Cohasset, 

. 

« 

4 

^ 

4 

Concord, 

8 

1 

4 

.. 

13 

Danvers, 

16 

12 

15 

a. 

42 

Dedham, 

.. 

. 

1 

^ 

1 

Deerfield, 

. 

^ 

1 

„ 

1 

East  Boston,  . 

3 

1 

.m 

^ 

4 

£ast  Watertown,    . 

6 

2 

^ 

.. 

7 

Everett, .... 

97 

16 

43 

^ 

156 

Falmouth, 

1 

. 

. 

« 

1 

Fitchburg,      . 
Framingnam, 

59 

17 

19 

mm 

95 

2 

1 

4 

2 

9 

Foxborough,  . 

— 

1 

— 

— 

1 

Gloucester,     . 

_ 

• 

9 

^ 

9 

Greenfield, 

4 

1 

2 

_ 

7 

Groveland,     . 

. 

1 

mm 

^ 

1 

Hanover, 

4 

2 

1 

^ 

7 

Harvard, 

.. 

.. 

.. 

1 

1 

Haverhill, 

2 

7 

3 

12 

Hingbam, 

Hull,       .... 

45 

7 

11 

^ 

63 

1 

1 

.. 

mm 

2 

Hyde  Park,    . 

63 

16 

16 

_ 

95 

Ipswich, 

— 

1 

1 

— 

2 

Lancaster, 

— 

— 

1 

« 

1 

Lawrence, 

— 

15 

29 

1 

45 

Lexington, 

5 

3 

1 

. 

9 

Lincoln, .... 

— 

— 

1 

_ 

1 

Lynn 

ftfalden,  . 

_ 

1 

.. 

^ 

1 

12 

10 

9 

. 

31 

Mansfield, 

1 

^ 

. 

^ 

1 

Marblehead,  . 

2 

1 

12 

^ 

15 

Marlborough, 

2 

6 

7 

— 

15 

Marshfield,     . 

— 

1 

1 

1 

3 

Maynard, 
Mecfield, 

^ 

2 

2 

^ 

4 

.. 

3 

^ 

3 

Medford, 

6 

17 

15 

^ 

38 

Med  way, 

— 

1 

1 

. 

2 

Methuen, 

~ 

1 

1 

mm 

2 

Middleton,      . 

_ 

3 

1 

^ 

4 

Milford 

^ 

^ 

1 

^ 

1 

Milton,  .... 

31 

3 

12 

a. 

4e 

New  Bedford, 

129 

23 

21 

1 

174 

Newburyport, 

1 

2 

6 

-. 

9 

North  Adams, 

29 

9 

7 

. 

45 

North  Attleborough, 

8 

5 

3 

«. 

U 

North  Brookfield,  . 

24 

8 

12 

. 

44 

Newton,. 

2 

_ 

. 

.. 

2 

Norton,  .... 

m. 

1 

1 

M 

2 

Norwell, 

— 

. 

1 

. 

1 

Palmer,  .... 

. 

. 

1 

« 

1 

Peabody, 

1 

4 

1 

— 

6 

Quincy, 

t 

3 

8 

"" 

11 

740 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


CULTURM  IZAMIVBO  VOX             II 

DlAOVOSU.                           1 

Ovttaret 

examiiMd 

IjorRetettM 

fttm  Qow- 

•StllM. 

Wholfe 

Plaob, 

Potltire. 

NegfttlT«. 

Doabtftal. 

NoBberof 
CahBrt* 

Reading, 

^^ 

^ 

8 

^ 

8 

Reyere,  . 

— 

— 

2 

-> 

2 

Rockland, 

8 

2 

8 

1 

14 

Rowley, , 

- 

4 

1 

1 

6 

Salisbury, 

- 

1 

- 

— 

1 

Shirley,  . 

- 

— 

1 

— 

1 

Somerville,    . 

81 

21 

40 

2 

94 

Southborou^h, 
South  Franunghan 

- 

- 

2 

— 

2 

^»      • 

- 

— 

2 

— 

3 

South  Groveland,  . 

— 

— 

— 

1 

1 

Spencer, . 

— 

1 

— 

~ 

1 

State  Farm,    . 

1 

— 

1 

~ 

2 

Stoneham, 

— 

— 

5 

». 

5 

Taunton, 

4 

4 

4 

^ 

12 

Tewksbury,    , 

— 

9 

21 

* 

SO 

Wakefield, 

1 

1 

2 

^ 

4 

Ware,     . 

— 

<-> 

1 

— 

1 

Warren, . 

8 

<-> 

8 

«. 

11 

Watertown, 

16 

7 

15 

.. 

38 

West  Acton, 

— 

1 

— 

. 

1 

Westborongh, 
West  Brookfield, 

o 

1 

2 

. 

8 

— 

_ 

6 

. 

5 

Westford, 

* 

— 

8 

.. 

3 

West  Medford, 

— 

4 

9 

. 

IS 

WestMedway, 

- 

- 

1 

— 

1 

Westport, 

- 

1 

- 

— 

1 

Weston,  . 

— 

1 

— 

— > 

1 

West  Warren, 

— 

— 

1 

. 

1 

Williamstown, 

— 

. 

1 

— 

1 

Winchester,    . 

14 

6 

15 

. 

35 

Winchendon,  . 

1 

2 

5 

1 

9 

Wobum, 

- 

4 

7 

1 

12 

Worthington,. 

- 

- 

1 

- 

1 

State, 

• 

■ 

•       1 

•        • 

728 

828 

526 

14 

1^1 

Persistence  of  Diphtheria  Bacilli  in  the  Throats  of  PAXiEXTe 

Convalescent  from  Diphtheria. 

In  the  following  table  are  included  only  those  cases  in  which 
frequent  cultures  were  made  until  a  negative  result  was  obtained. 
Since  cultures  were  rarely  made  oftener  than  once  a  week,  there  is 
a  minus  error  in  nearly  every  case,  that  would  increase  the  average. 
The  time  of  persistence  is  given  from  the  date  of  the  earliest 
symptoms. 
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Tdcb. 

Homberof 
Cues. 

Tim. 

Nnmber  of 
Cams. 

• 

1  week,  . 
li  weeks, 

2  weeks, 
2i  weeks, 

3  weeks, 
3i  weeks, 

4  weeks, 
4i  weeks, 
3  weeks, 
5i  weeks, 

6  weeks, 
6i  weeks, 

7  weeks. 

8 

1 
8 
8 

11 
8 

14 
9 
4 
3 
2 
4 
5 

7i  weeks, 

8  weeks, 
8i  weeks, 

9  weeks, 
9i  weeks, 

10  weeks, 
lOi  weeks, 

11  weeks. 
Hi  weeks, 

12  weeks. 

1 
1 

1 
1 

1 

Average,  4-|- weeks,  . 

— 

RekUion  of  Clinical  to  Bacteriological  Diagnosis, 


QUMtOAL  DlAOrOSIf. 


Baotuiolooigal  DULOvoas. 


Fodthra. 


HogattTtt. 


Positive  in  807  cases,  . 
Negative  Id  184  cases,  . 
Doubtful  in  211  cases, . 
Not  given  in  168  cases. 


160 
39 
68 
87 


DonMAiL 


144 
141 
161 
118 


3 
4 
2 
3 


Pereentate 
of  Error  m 

CUnloal 
DIagnotls. 


46.9 
21.2 
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EXAMINATIONS  OF  SPUTUM  AND  OTHER  MATERIAL 
SUSPECTED  OF  CONTAINING  THE  BACILLI 

OF  TUBERCULOSIS. 


During  the  year  microscopical  examinations  have  been  made  of 
414  specimens  of  material  suspected  of  containing  the  bacilli  of 
tuberculosis.  This  number  is  nearly  twice  that  of  last  year,  and 
between  three  and  four  times  that  of  the  year  before.  This  material 
was  received  from  .92  different  towns  and  cities  in  the  State,  against 
51  last  year  and  38  the  year  before.  In  1896  48  per  cent.,  in  1897 
46  per  cent.,  and  in  the  present  year  46.8  per  cent,  of  the  cases 
were  positive.  The  following  tables  show  the  results  of  the  ex- 
aminations made  during  the  past  year :  — 

Tabular  StatemerU  of  ExaminaUona  of  MateriaL 


1 

ICiXM. 

SBXPOtSTAm. 

^'i 

Town. 

li 

is 

6 

i 

« 

i 

4 

• 

1 

1 

1 

I 

s 

1 

fe 

Adams,    .        .        •       .       . 

1 

1 

. 

Arlington, 

16 

4 

8 

2 

5 

— 

2 

Ashland,  . 

1  . 

— > 

~ 

1 

-. 

« 

- 

Attleborongh, . 

5 

2 

— 

- 

8 

— 

- 

Ayer, 

2 

— 

— 

1 

1 

— 

- 

Beechwood, 

1 

- 

-. 

— 

1 

— 

- 

Belmont, . 

2 

- 

— 

1 

1 

-. 

- 

Billerica, . 

2 

— 

-. 

1 

1 

— 

- 

Blackstone, 

1 

^ 

^ 

.— 

. 

1 

^ 

Boston,     . 

8 

1 

-. 

— 

2 

— 

- 

Boylston, . 

1 

1 

— 

— 

— 

'-. 

- 

Bradford, 

4 

• 

-> 

1 

-. 

- 

Brockton, 

11 

8 

1 

2 

2 

1 

Brookfield, 

2 

~ 

1 

.— 

. 

- 

Cambridge, 

8 

- 

1 

1 

- 

- 

Campello, 

1 

— 

— 

- 

- 

Chelmsford, 

1 

- 

— 

—           - 

Chelsea,  . 

16 

8 

2 

2 

3 

3 

2 

Clinton,    . 

2 

1 

« 

1 

^ 

. 

- 

Cohasset, . 

1 

1 

^ 

"" 

•" 

^ 
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Tabtilar  Statement  of  Examinatiom  of  Material—  Contiiraed. 


§9 

Malbs. 

Sbx  hot  Statkd. 

Towva. 

■ 

1 

i 

1 

i 

■ 

1 

1 

»e; 

£ 

sz; 

S 

^ 

^ 

% 

Cold  Springs,  .... 

1 

_ 

_ 

1 

^^ 

Colrain,    . 

■ 

1 

-. 

<- 

1 

— 

— 

— 

Concord,  . 

• 

9 

4 

4 

. 

1 

_ 

. 

Danvers,  . 

• 

7 

1 

3 

2 

1 

— 

— 

Dedham,  . 

9 

3 

8 

1 

2 

.. 

. 

Dorchester, 

1 

-. 

^ 

— 

1 

— 

— 

East  Brid^ewater,  . 
East  Cambridge, 

• 

5 

1 

1 

_ 

3 

.. 

_ 

1 

— 

^ 

— 

1 

— 

^ 

Edgartown, 

1 

— 

1 

- 

— 

— 

- 

Everett,    . 

15 

1 

2 

9 

3 

-. 

Fall  River,       . 

89 

3 

11 

16 

8 

— 

1 

Fitchburg, 
Forge  Vfllage, 
Foxborough,    . 

8 

1 

4 

2 

1 

.. 

3 

— 

#1 

1 

1 

— 

-. 

2 

— 

2 

-> 

-> 

— 

mm 

Framingham,  . 

7 

2 

1 

— 

4 

- 

— 

Franklin, . 

3 

— 

1 

2 

'- 

— 

— 

Gloucester, 

6 

3 

1 

1 

1 

mm 

-. 

Hanover, . 

1 

. 

1 

. 

— 

— 

« 

Haverhill, 

6 

2 

^ 

1 

3 

. 

. 

Holbrook, 

1 

• 

. 

• 

1 

. 

. 

Hyde  Park,      . 

1 

— 

. 

» 

1 

— 

— 

Jamaica  Plain, 

1 

— 

-. 

— 

1 

— 

— 

Lavjrrence, 

4 

2 

1 

« 

1 

— 

mm 

Lexington, 

3 

- 

- 

- 

1 

2 

- 

Lvnn, 
Maynard, . 

1 

— 

1 

» 

— 

— 

— > 

1 

1 

— 

- 

— 

— 

* 

Medford, . 

4 

2 

1 

1 

— 

^ 

« 

Medway, . 

2 

— 

- 

— 

2 

- 

— 

Melrose  Highlands, 

1 

— 

1 

- 

- 

— 

— 

Middleborough, 

3 

2 

- 

1 

- 

- 

— 

Middleton, 

1 

— 

mm. 

— 

1 

-. 

. 

Mittineafi^e,    . 
New  Bedford, . 

1 

-. 

mm 

.. 

— 

.m. 

1 

30 

5 

7 

9 

8 

« 

1 

Newton,  . 

1 

~ 

1 

^ 

-. 

. 

• 

North  Adams, . 

27 

1 

6 

12 

4 

3 

1 

North  Attleborough 

t 

7 

2 

2 

— 

2 

1 

— 

North  Brookfield, 

2 

2 

— 

-. 

— 

« 

« 

North  Cambridge, 
North  Dartmontn, 

1 

m. 

1 

~ 

— 

«i 

. 

1 

• 

^ 

1 

» 

mm 

« 

North  Wobum, 

1 

1 

^ 

— 

-. 

mm             1                   . 

Norwood, 

7 

4 

1 

i. 

2 

~ 

— 

Plainville, 

2 

1 

— 

1 

— 

— 

— 

Qnincy,    . 

3 

1 

- 

1 

1 

- 

— 

Randolph, 

2 

- 

- 

1 

1 

— 

— 

Reading,  . 

3 

- 

1 

- 

2 

— 

- 

Renfrew, . 

2 

— 

— 

2 

- 

— 

— 

Ringville, 
Rockland, 

1 

— 

>- 

- 

1 

-. 

— 

12 

2 

6 

1 

3 

"■ 

■" 
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Tabular  Statement  of  Emtminationt  of  Material — Condaded. 


m 

L 

|a 

§3 

Males. 

Fbmalm. 

8sz  HOT  Statis. 

* 

Towvs. 

1 

1 
1 

i 

1 

1 

1 

1 

• 

• 
> 

i 

SQ 

£ 

K 

£ 

be; 

£ 

» 

Rozbnry, .        .        •        .        • 

7 

S 

3 

^^ 

1 

. 

Salem,      .        .       , 

4 

2 

— 

- 

1 

1 

.> 

Saxonville, 

2 

. 

.- 

1 

1 

.— 

— 

Somerville, 

11 

5 

— 

2 

8 

-    !     1 

South  Framingham, 

3 

8 

- 

- 

- 

- 

- 

South  Weymouth,   , 

4 

1 

S 

- 

- 

- 

- 

Spencer,  . 
Wakefield, 

2 

~ 

>- 

2 

— 

• 

1 

-. 

1 

«. 

. 

Warren,   . 

5 

1 

3 

1 

— 

""               1                   ^ 

Watertown, 

10 

1 

6 

1 

2 

Wellesley  HUls,      . 

1 

— 

- 

1 

— 

- 

West  Chesterfield,  . 

1 

« 

. 

1 

^ 

—                 — 

Westford, 

^    6 

2 

4 

— 

— 

*"       i         ■" 

West  Hanover, 

•    1 

— . 

^ 

. 

1 

WestQuincy,  . 

1 

— 

1 

— 

-> 

—                * 

West  Somerville,     , 

1 

.-. 

1 

— 

« 

_                 ~ 

West  Worthington, . 

1 

— 

- 

- 

1 

*"       1         ■" 

Whitman, 

4 

1 

2 

1 

» 

I 

Williamstown, 

8  ' 

— 

1 

1 

1 

.                — . 

Winchendon,    . 

1 

— 

— 

~ 

1 

~                . 

Winchester,     . 

14 

5 

7 

1 

1 

•                •> 

Winthrop, 

2 

2 

— 

- 

• 

—                - 

Wobum,  . 

2 

1 

— 

<-i 

1 

—                <• 

Wollaston, 

1 

1 

- 

- 

— 

1          "                " 

Total, 

1 

•        • 

414 

90 

107 

91 

108 

18    1    10 

D%9tribulion  by  Ages, 


Komber 

orc«Mi 

Poaltttv. 

N«ctlt*%- 

OTamhietl. 

Between  the  age  of   1-10,        .... 

7 

. 

7 

Between  the  age  of  10-20,        , 

52 

27 

25 

Between  the  age  of  20-80, 

141 

68 

7S 

Between  the  age  of  80-40, 

90 

49 

41 

Between  the  age  of  40-50, 

42 

15 

27 

Between  the  age  of  60-60, 

25 

11 

14 

Between  the  age  of  60-70, 

14 

8 

11 

Between  the  age  of  70-80, 

8 

1 

2 

Between  the  age  of  80-90, 
Age  not  statea,  • 

1 

.— 

1 

89 

16 

23 

Total, 

1       1 

t        1 

•       • 

414 

190 

224 
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Distribution  by  Sexes, 


ToUl. 

Males. 

Females. 

Sex  not 
Stated. 

Number  of  cases  examined  (positive), 
Number  of  cases  examined  (negative), 

194 
220 

90 
107 

91 
108 

IS 

10 

Total 

414 

197 

194 

23 

Summary  of  the  Three  Years  ending  March  31,  1899. 

Sexes,  —  The  whole  number  examined  in  the  three  years  was 
774,  and  of  these,  354  were  males,  374  were  females  and  the  sex  of 
46  was  not  stated.  Of  the  male  cases  46.6  per  cent,  and  of  the 
female  cases  45.7  per  cent,  were  positive. 

Ages.  —  Of  the  whole  number  examined,  102  were  under  twenty 
years  of  age,  508,  or  74.1  per  cent.,  of  those  whose  ages  were 
known  were  between  twenty  and  filfty  years  of  age  and  76  were 
over  fifty.     The  age  was  not  stated  in  88  cases. 

Of  350  specimens  from  persons  who  were  under  thirty  years  of 
age,  172,  or  49.1  per  cent,  were  positive,  and  of  336  from  persons 
over  twenty  years  of  age,  146,  or  43.4  per.  cent.,  were  negative. 
These  figures  refer  to  those  only  whose  ages  were  stated  in  the 
returns. 
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MALARIA. 


During  the  past  year  physicians  have  continued  to  avail  them- 
selves of  the  opportunity  offered  by  the  Board  to  make  a  micro- 
scopic examination  of  dried  blood  films  in  cases  of  suspected 
malaria.  Preparations  were  received  from  132  cases,  of  which  51 
contained  malaria  parasites.  Their  distribution  is  given  in  the 
following  table :  — 


TowKt. 

Namber 

of 
PfetientB. 

Fotltlve. 

Ifesative. 

TOWHB. 

Nomber 

of 
Patlenta. 

Focttlve. 

K^attve. 

Ayer 

S 

2 

- 

North  BlUeriee,      . 

-> 

1 

BlUerioft,    . 

86 

21 

14 

North  Chelmeford, . 

- 

1 

Brookllne, . 

2 

- 

2 

Shirley,    . 

- 

I 

Olinton,     . 

4 

1 

8 

Bouthborongh, 

- 

1 

Ooneord,    . 

12 

« 

« 

South  LeacMter,    . 

- 

V 

Oonoord  Janodon,    . 

1 

- 

1 

Btonghton, 

1 

9t 

Doreheiter, 

8 

- 

8 

Uxbridge, 

- 

T 

ATdKttf        ... 

1 

- 

1 

WalthAm, 

24 

10 

14 

Hyde  Park, 

8 

- 

8 

WeetOD,   . 

2 

- 

f 

LftDOMter, . 

1 

1 

- 

WUUametown, 

2 

- 

n 

Lowell, 

4 

2 

2 

Wlneheeter,     . 

14 

4 

wi 

Marlboroagh,    . 

8 
2 

2 

1 

1 

1 

Wobam,  • 

Total,        .       . 

1 

- 

1 

Mlddleboroagh, 

182 

61 

a 

*  PreparatioiM  worthleee;  dlagnotla  impoaaible. 
X  Wldal  teat  poaitlTe  In  both 


t  In  one  eaae  preparadona 
f  One  oaae  doabtfnl. 


In  this  table  there  is  included  among  the  negative  cases  a  small 
proportion  in  which  the  microscopic  examination  of  the  blood  films 
suggested  a  recent  attack,  though  the  parasite  was  not  found.  The 
ratio  of  positive  to  negative  cases  may,  therefore,  be  considered 
somewhat  higher  than  the  table  indicates. 
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As  hitherto,  the  parasite  of  the  so-called  tertian  fever  of  temper- 
ate climates  was  the  only  one  found,  with  the  exception  of  one 
case,  — that  of  a  soldier  returned  from  Cuba.  In  the  blood  of  this 
individual  the  parasite  of  the  tropical  or  sestivo-autumnal  type  of 
malaria  was  present. 

The  method  adopted  in  the  preparation  of  the  blood  films  *  has 
been  found  satisfactory  and  hence  no  change  has  been  made.  Occa- 
sionally poorly  prepared  blood  films  have  been  received.  In  such 
cases  it  was  evident  that  the  physician  had  either  not  seen  the  direc- 
tions issued  by  the  Board  or  had  forgotten  them.  Only  when  the 
blood  corpuscles  are  perfectly  preserved  can  a  satisfactory  micro- 
scopic diagnosis  be  made. 

*  Bee  report  for  1896. 
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STATISTICAL  SUMMARIES  OF  DISEASE  AND  MORTALITY. 


The  statistical  information  received  by  the  Board  during  each 
year,  either  through  the  medium  of  voluntary  returns  or  in  conse- 
quence of  legal  requirements,  has,  in  the  last  three  reports  of  the 
Board,  been  presented  under  four  different  heads  or  groups,  which 
are  summarized  and  defined  as  follows  :  — 

1.  The  Weekly  Mortality  Returns. — These  consist  of  the  reports  of 
deaths,  which  are  made  up  weekly  and  are  sent  to  the  office  of  the  State 
Board  by  the  registration  officials  of  cities  and  towns.  They  are  voluntary, 
and  serve  principally  to  show  the  seasonal  prevalence  of  each  of  the  chief 
infectious  diseases,  and  the  mortality  of  children  under  five  years  old  in 
weekly  periods.  This  series  of  statistics  has  been  continued  by  the  Board 
for  more  than  twenty  years,  and  has  been  published  as  a  summary  for 
fifteen  years. 

2.  The  Reports  of  Certain  Infectious  Diseases^  —  Diphtheria  and  Croupy 
Searlet-fever^  Typhoid  Fever  and  Measles. — These  are  obtained  from  the 
annual  reports  of  local  boards  of  health  for  the  year  1898,  which  are  for- 
warded to  the  State  Board  from  cities  and  towns.  By  comparing  the  num- 
bers of  reported  cases  with  the  reported  deaths,  the  mean  fatality  of  each 
disease  in  the  places  from  which  the  reports  are  made  is  obtained  with  a 
reasonable  degree  of  accuracy. 

3.  Reports  of  Cities  and  TovmSj  made  under  the  Provisions  of  Chapter 
302  of  the  Acts  of  1893,  —  By  this  act  each  local  board  of  health  is  required 
to  report  to  the  State  Board  every  case  of  '^  disease  dangerous  to  the  public 
health  "  which  is  reported  to  the  local  board.  A  digest  of  these  reports  is 
presented  iu  Summary  No.  III. 

4.  Annual  Reports^  made  under  the  Provisions  of  Chapter  218  of  the  Acts 
of  1894.  —  The  full  reports  of  deaths  occurring  in  each  city  and  town  hav- 
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ing  over  5,000  inhabitants  comprise  another  series  of  retams,  which  are 
summarized  in  No.  IV.  These  reports  are  made  under  the  requirements  of 
the  following  statute :  — 

[Acts  of  1894,  Chapteh  218,  Section  3.] 

In  each  city  and  town  having  a  population  of  more  than  five  thousand  inhabi- 
tants, as  determined  by  the  last  census,  at  least  one  member  of  said  board  shall 
be  a  physician,  and  the  board  shall  send  an  annual  report  of  the  deaths  in  such 
town  to  the  State  Board  of  Health.  The  form  of  such  reports  shall  be  prescribed 
and  furnished  by  the  State  Board  of  Health. 


Note.  —  A  supply  of  the  postal  cards  necessary  for  the  reporting  of  volantary 
mortality  returns  such  as  are  required  for  the  data  presented  in  section  1  of  the 
following  summary,  will  be  forwarded  to  the  registration  officers  of  any  dty  or 
town  who  are  willing  to  contribute  the  necessary  information. 

Postal  cards  are  also  sent  to  all  boards  of  health  in  the  State,  for  the  purpose 
of  aiding  them  to  comply  with  the  provisions  of  chapter  S02  of  the  Acts  of  1893, 
relative  to  the  reporting  of  diseases  dangerous  to  the  public  health  to  the  State 
Board  immediately  after  reports  of  the  same  are  received  by  the  local  board. 

Annual  blank  forms  are  also  sent  to  each  local  board  of  health  in  cities  and 
towns  having  over  5,000  inhabitants,  for  the  return  of  such  information  as  is 
called  for  by  the  provisions  of  chapter  218  of  the  Acts  of  1894. 


No.  34,] 


STATISTICAL  SUMMARIES. 


753 


I. 

Summary  op  the  Wbbklt  Mortality  Reports  from 

Cities  and  Towns. 

The  following  summary  comprises  the  returns  of  deaths  made  at 
the  end  of  each  week  by  the  town  clerks,  city  registrars  and  other 
officials  having  in  charge  the  vital  statistics  of  cities  and  towns. 

These  returns  are  compiled  each  week  and  published  as  a  bulletin, 
one  copy  of  which  is  sent  to  the  registering  officer  of  each  city  and 
town  in  the  State.  These  reports  are  necessarily  incomplete,  since 
they  are  voluntary,  and  comprise  the  mortality  statistics  of  a  part 
of  the  population  only,  the  reporting  places  being  chiefly  the  cities 
and  larger  towns.  The  value  of  the  weekly  mortality  returns  con- 
sists very  largely  in  the  fact  that  they  constitute  a  continuous  his- 
tory of  the  prevalence  of  the  principal  infectious  diseases  throughout 
the  State,  so  far  as  can  be  learned  from  the  moi'tality  which  they  cause. 

In  connection  with  the  results  of  the  information  obtained  as  a 
consequence  of  the  enactment  of  chapter  302  of  the  Acts  of  1893, 
these  weekly  mortality  reports  furnish  to  the  Board  an  important 
index  of  the  health  of  the  people,  as  influenced  by  the  prevalence 
of  epidemic  diseases  at  diflerent  seasons  of  the  year.  The  estimated 
population  of  the  cities  and  towns  contributing  to  the  returns  of 
1898  was  1,611,780,  or  about  two-thirds  of  the  total  population. 

The  data  embraced  in  this  summary  are  the  following :  — 


Average  height  of  barometer  for 

each  week. 
Mean  maximam  temperature. 
Mean  minimum  temperature. 
Rainfall,  expressed  in  inches. 
Total  deaths  reported  for  each  week. 
Deaths  of  children  under  five  years. 
Deaths  from  infectious  diseases. 
Deaths  from  consumption. 
Deaths  from  acute  lung  diseases. 
Deaths  from  typhoid  fever. 


Deaths  from  dlarrhoeal  diseases. 
Deaths  from  scarlet  fever. 
Deaths  from  measles. 
Deaths  from  diphtheria  and  croup. 
Deaths  from  puerperal  fever. 
Deaths  from  whooping-cough. 
Deaths  from  malarial  fever. 
Deaths  from  small-pox. 
Deaths  from  erysipelas. 
Deaths  from  cerebro-spinal  menin- 
gitis. 


The  following  table  contains  a  summary  of  the  statistics  compiled 
from  these  weekly  returns  of  mortality :  — 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1898  from  the 
cities  and  towns  contributing  to  these  reports  was  29,033,  and  the 
average  per  week  was  558.  The  greatest  number  of  deaths  reported 
in  a  single  week  was  783,  in  the  week  ending  August  20 ;  the  least 
number  was  429,  in  the  week  ending  June  11.  The  weekly  average 
number  of  deaths  reported  for  each  month  was  as,  follows :  — 


JuiQary 680 

February,  . ftl4 

Marab, 5eo 

.       .  658 


April, 

May, 

June. 


680 
461 


Joly,   .........  at 

Aagnst, ns 

September,.      .......  eti 

Oetober, AM 

November, ........  4M 

December, 


The  percentage  of  mortality  in  each  of  the  four  quarters  of  the 
year  were  as  follows :  —  • 


All  Aoks. 


Kumbert. 


Flrit  quarter,  < 
Second  quarter. 
Third  quarter,  . 
Fourth  quarter. 


e,468 
^78fl 
8,048 
7,780 


20,038 


Feroentages. 


92.27 
28.20 
27.71 
26.82 


100.00 


AOM  UWDMM  6  TBAI 


Vomben. 


1,8W 
1,068 
8,864 
2,807 


0,M0 


18.26 
10.86 


Deaths  under  Ftvtj  Years  or  Age. 

The  reported  number  of  deaths  of  children  under  fire  years  of 
age  was  9,949.  The  average  weekly  number  was  191.  The  great- 
est number  reported  in  one  week  was  449,  in  the  week  ending 
August  20;  and  the  least  number  was  110,  in  the  week  ending 
November  12.  The  ratio  of  the  deaths  of  this  class  to  the  total 
reported  mortality  was  32.6  per  cent.  The  average  weekly  number 
of  deaths  of  children  under  five  years  of  age  by  months  was  as 
follows :  — 


January,     ..••••••   U2 

February,  •..•.•••    164 

Kareb, 180 

AprU 184 

May, 147 

June.  ....•••••   187 


July, 201 

Auguet,      ........  88? 

September, V> 

October, X^ 

ITorember,  .•.,,.••  V 

Deeember,  .      • C* 
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The  months  having  the  greatest  number  of  deaths  of  children 
under  five  years  of  age  were  July,  August  and  September,  and 
those  having  the  least  number  were  January,  June  and  November. 


Consumption. 

The  number  of  reported  deaths  from  consumption  was  3,039. 
The  weekly  average  was  58.  The  greatest  number  of  deaths 
reported  from  this  cause  in  a  single  week  was  77,  in  the  week 
ending  March  12 ;  and  the  least  number  was  47,  in  the  weeks  end- 
ing June  4  and  November  5.  The  average  weekly  number  of 
reported  deaths  from  this  cause  in  each  month  was  as  follows  :  — 


Jannary, 58 

February, 67 

Mareh, W 

April, 06 

Kay eo 

Jane,    ...••••.•  66 


July, 64 

August,        •       • 61 

Beplember 63 

October,       ........  67 

Noyember,  ........  66 

Deeembor. 66 


The  following  table  presents  the  variations  from  the  weekly  aver- 
age number  of  deaths  from  this  cause  for  the  past  four  years :  — 


ISM. 

1S»6. 

1S»7. 

ISM. 

1W6. 

18t«. 

tS»7. 

Ism. 

January,  . 

-4 

+1 

+8 

0 

July,       •       • 

— • 

—1 

+» 

-4 

February, 

+17 

+« 

+7 

—1 

Auguit,   .       • 

—18 

+10 

—7 

-7 

IffATCb,        . 

+16 

—1 

+7 

+11 

September,     • 

—7 

—7 

-6 

-6 

April, 

+i 

+21 

+« 

+7 

October,  .       . 

—1 

-6 

-4 

-« 

May..       .       .       . 

- 

+« 

+4 

+« 

November,      . 

-1 

—10 

+2 

-S 

JniM, 

• 

+« 

+1 

—1 

—8 

December,      • 

^ 

"^ 

—8 

+« 

The  ratio  of  reported  deaths  from  consumption  to  the  mortality 
reported  from  all  causes  was  104.6,  while  that  of  previous  years 
was  as  follows :  — 


1880, 
2890, 
1891, 
1893, 
1898, 


126.0 
180.0 
116.6 
111.8 
106.6 


18M, 
1886, 
1800, 
1807, 
1808, 


111.8 
107.7 
106.8 
104.2 
104.6 


The  ratio  to  the  reported  living  population  in  1898  was  1.88  per 
1,000,  as  compared  with  1.97  in  1897. 
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AcxTTE  Lu^TG  Diseases. 

The  namber  of  repeated  deaths  from  acute  long  diseases  fbroo- 
chitis,  pneamoDia,  pleurisy  and  asthma)  during  the  year  was  3,421, 
and  the  weekly  average  was  66.  The  greatest  namber  of  deaths 
reported  from  this  group  of  caases  in  a  single  week  was  154,  in 
the  week  ending  December  31 ;  and  the  least  namber  was  13,  in  the 
week  ending  August  12.  The  average  weekly  number  of  reported 
deaths  from  these  causes  for  each  month  was  as  follows :  — 


Febnmry, 


April, 

May, 

Jane* 


81 


JnlTa      •        •         •         .         • 

•        .       •  S4 

Aagoit,        .... 

BcpCenlMr,  .       •       •       • 
October 

.       .  9 

.     .     .  a 

NowmbOT,  •       •       •       • 

.  IT 

.     .     .     ,m 

The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  March,  April  and  December,  and  those  having 
the  least  number  were  July,  August  and  September.  The  ratio  of 
reported  deaths  from  acute  lung  diseases  to  the  reported  mortality 
from  all  causes  was  117.8  per  1,000.  The  estimated  death-rate  per 
1,000  of  the  reporting  population  from  these  causes  was  2.12,  as 
compared  with  2.43  in  1897. 

DlABBH<EAL  DISEASES. 

The  diseases  included  in  this  group  are  diarrhoea,  dysentery, 
cholera  morbus  and  cholera  infantum.  From  these  causes  combined 
the  number  of  deaths  reported  in  1898  was  2,498,  and  the  weekly 
average  number  was  185  in  the  week  ending  August  27 ;  and  no 
deaths  were  reported  from  these  causes  in  the  weeks  ending  Jann- 
ary  15  and  February  19.  The  average  weekly  number  of  reported 
deaths  from  these  causes  in  each  month  was  as  follows :  — 


JaaiiAry, 
Febmary, 
Kareh,  . 
April,  . 
May,  . 
Jano,    • 


8 

g 

6 

7 

14 


Jnlj, •« 

AagQit, Si 

ScptembcTi ...  ••••  1^ 

October, M 

Vofmnhetf 1= 


The  months  having  the  greatest  number  of  reported  deaths  bocx 
these  causes  in  1897  were  July,  August  and  September,  and  those 
having  the  least  were  January,  February  and  April. 
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The  deaths  from  these  causes  in  the  third  quarter  of  the  year 
constituted  70.7  per  cent,  of  the  number  of  deaths  from  the  same 
causes  for  the  entire  year.  The  ratio  of  the  reported  deaths  to  the 
reported  mortality  from  all  causes  was  86.0  per  1,000,  and  the 
death-rate  of  reporting  population  from  these  causes  was  1.55  per 
1,000,  as  compared  with  1.84  in  1896. 

Typhoid  Fever. 

The  total  number  of  reported  deaths  from  this  cause  in  1898  was 
405,  and  the  average  weekly  number  was  8.  The  greatest  number 
reported  in  any  single  week  from  this  cause  was  19,  in  the  week 
ending  October  1,  and  there  was  only  1  death  reported  from  typhoid 
fever  in  each  of  the  weeks  ending  January  15,  March  5  and  July 
16.  The  average  weekly  number  of  deaths  reported  from  this  cause 
for  each  month  was  as  follows :  — 


Janoaryt 5 

F«bnuiry, 6 

Maroh, 4 

« 


April, 
May, 

Jvne. 


4 
4 


jQly, 8 

AagQst,        ........7 

September, .14 

October, 17 

November, 11 

December, 11 


The  months  having  the  least  number  of  deaths  from  this  cause 
were  May  and  July,  and  those  having  the  greatest  number  were 
September  and  October.  The  ratio  of  reported  deaths  from  typhoid 
fever  to  the  reported  mortality  from  all  causes  was  13.9  per  1,000, 
and  the  ratio  to  the  reporting  population  was  .25  per  1,000,  as 
compared  with  .26  in  the  previous  year. 

Diphtheria  and  Croup. 

The  total  number  of  reported  deaths  from  diphtheria  and  croup  in 
1898  was  514,  and  the  average  number  in  each  week  was  10.  The 
greatest  number  reported  in  a  single  week  from  these  combined  causes 
was  21,  in  the  week  ending  December  3,  and  the  least  number  was 
2,  in  the  week  ending  June  4.  The  average  weekly  number  of 
reported  deaths  from  these  causes  for  each  month  was  as  follows  :  — 


Jaouary, IS 

Pabmary 10 

Mareh, 10 

April, 10 

May 0 

Jona, 4 


July 6 

Aoffnat,        ........  6 

September,  ........  7 

October,       . 10 

November 16 

December, 10 
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The  ratio  of  deaths  from  diphtheria  and  croap  to  flie  reported 
mortality  from  all  causes  was  17.70  per  1,000  and  the  deatb*nte 
for  the  reporting  population  was  .32  per  1,000,  as  compared  with 
.60  in  the  previous  year. 

Scarlet  Fever. 

The  reported  deaths  from  scarlet  fever  in  1897  were  79.  The 
greatest  number  reported  from  this  cause  in  a  single  week  was  4. 
There  were  12  weeks  in  which  no  deaths  from  scarlet  fever  were 
reported.  The  average  weekly  number  reported  in  eadi  month 
was  as  follows :  — 


Januarys S 

Febraary, •  S 

lUrch 1 

April, 1 

May « 

Jane, ..1 


Jaly,     . 

AnfiMt, 

September, 

October, 

November, 

December, 


The  ratio  of  deaths  from  this  cause  to  the  reported  deaths  from 
all  causes  was  2.72  per  1,000,  and  the  death-rate  of  the  reporting 
population  from  this  cause  was  .04  per  1,000,  as  compared  with 
.15  in  the  previous  year, 

Cerebro-spikal  Meninoitis. 

The  total  number  of  reported  deaths  from  this  cause  was  373, 
and  the  weekly  average  was  7,  the  greatest  number  reported  in  any 
week  from  this  cause  was  15,  in  the  weeks  ending  March  1  and 
September  3 ;  and  the  least  number  was  1,  in  the  week  ending  Jnly 
16.  The  average  weekly  number  of  deaths  reported  from  this 
cause  for  each  month  was  as  follows :  — 


Jumary, 6 

Febmary, 6 

Marob, .10 

April, 8 

May, 10 

«    June.    •••••••.•ID 


Jaly,     . 

Angiiat, 

September, 

October, 

November, 

Oeoember. 


The  months  having  the  greatest  number  of  reported  deaths  from 
this  cause  were  April  and  May,  and  those  having  the  least  were 
February  and  November. 
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Whooping-cough,  Malabial  Fevek,  Ebtsipelas  and  Puerperal 

Fever. 

The  essential  statistics  relating  to  these  five  diseases  are  embraced 
in  the  following  table :  — 


DiBBAtSa. 


Total  DeaUia 
reported. 


Weekly 
Average. 


Ratio  per 

1,000  of  Total 

Beported 

Deaths. 


Batio  per 

1,000  of 

Reporting 

Population. 


Whoopiog-oongh, 
Bryalpalaa, 
Puerperal  fever, 
lUlerUl  lever,  . 


49 

87 

0 


4.8 
0.9 
0.6 
0.1 


7.68 
1.88 
0.98 
0.90 


.180 
.084 
.016 
.004 


762 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


n. 

Fatality  (Ratio  of  Deaths  to  Cases)  prom  Cbrtaix 

Infectious  Diseases  in  1898. 

The  statistics  presented  in  the  following  table  are  compiled  from 
the  published  reports  of  local  boards  of  health  for  the  year  1898 
which  have  been  forwarded  to  the  oflBce  of  the  State  Board  of 
Health.  They  are  the  figures  representing  the  numbers  of  cases 
reported  to  certain  local  boards  of  health  under  the  provisions  of 
section  79  of  chapter  80,  Public  Statutes. 

The  numbers  of  deaths  are  also  obtained  from  the  same  reports, 
and  the  comparison  of  these  two  series  of  figures  presents  a  fidrly 
accurate  method  of  arriving  at  the  fatality  from  these  diseases  in 
the  places  from  which  they  are  reported.  The  figures  representing 
the  numbers  of  cases  are  probably  less  than  the  actual  numbers, 
since  some  cases  must  necessarily  escape  registration  through 
neglect  to  report  or  in  consequence  of  faulty  diagnosis. 

Cases  of  Infectious  Diseases  and  Deaths  reported  to  Local  Boards  of  EeaJUh^  IS9S. 


DlPRTRBBIA 

AiTD  Croup. 

SCABLBT 

Fbyki. 

TTPHoro 
Fsvst. 

Xbaslb*. 

CiTT  OR  Tomf . 

CaiM. 

DMtht. 

Cu«s. 

Deaths. 

C^«ee. 

Deaths. 

Cssee. 

Dsetta. 

Adams, 

9 

8 

6 

0 

40 

7 

- 

- 

Amesbnry,* 

« 

1 

17 

- 

4 

- 

8 

- 

Arlington, 

18 

1 

- 

- 

21 

- 

- 

- 

Atileboroagh,       ..... 

8 

- 

18 

- 

4 

1 

81 

- 

Ayer 

1 

- 

8 

- 

14 

1 

- 

- 

Barro,t  ....... 

- 

- 

- 

- 

4 

1 

2 

- 

Belmont, 

8 

- 

4 

- 

8 

- 

6 

• 

Betbrlt, 

9 

1 

IS 

1 

20 

2 

8 

- 

BOBTOH, 

1,061 

18S 

1 

33 

1 

655 
18 

181 

S 

2,tn 

14 

r 

Brockton, 

6 

• 

Brooklioe 

38 

8 

17 

8 

28 

2 

104 

2 

Oaxbiudos, 

lfi2 

S9 

122            6 

06 

14 

i8 

1 

*  Whoopiog-oOQgb,  many  cases. 

t  Whooplng-eoQgfa,  20  oases;  momps,  2;  ehloken  pox,  2;  Oermaa  measlae,  1. 
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Oaau  of  Infectious  Diseaset  and  Deaths  reported  to  Local  Boards  of  HeaUh,  1898 

—  Continued. 


CiTT  OB  TOWV. 

DiPBTimZA 
AVD  CBODP. 

SOAaLKT 

FavBa. 

Ttpboid 
Fbvbb. 

MBAni.n. 

Gaiet. 

Deaths. 

Cases. 

Destbs. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Canton, 

• 

• 

- 

• 

- 

- 

-» 

• 

Cbblssa,     ...... 

4T 

8 

114 

1 

28 

7 

70 

- 

Ohioopxb, 

19 

6 

6 

- 

- 

- 

46 

m 

Ooneord, 

8 

- 

ft 

- 

10 

8 

86 

- 

Dangers, 

IB 

1 

18 

m 

10 

1 

7 

- 

Dodham,       

1 

- 

2 

- 

1 

- 

88 

- 

DiBont, 

- 

- 

17 

- 

1 

- 

8 

- 

Dnsbary 

- 

- 

1 

- 

- 

- 

- 

- 

1 

- 

6 

- 

- 

- 

2 

- 

Btsrstt, 

48 

8 

40 

1 

27 

6 

26 

- 

Fall  Biyxb, 

65 

14 

184 

6 

68 

21 

- 

- 

FlTOHBUBe, 

88 

1 

16 

1 

82 

6 

88 

- 

ft 

- 

1 

- 

1 

- 

7 

- 

Franklin, 

- 

- 

- 

- 

4 

- 

12 

- 

Gardner, 

ft 

8 

40 

2 

14 

1 

- 

- 

Gloucbsteb, 

14 

ft 

68 

2 

26 

2 

- 

- 

Oreat  Barrlngton 

- 

- 

8 

- 

-t 

-t 

- 

- 

Oraanfieldit 

12 

- 

18 

- 

8 

2 

4 

1 

61 

18 

ft8 

- 

04 

8 

807 

7 

HOLTOKB 

8ft 

10 

60 

1 

27 

8 

88 

1 

S 

2 

18 

2 

• 

2 

4 

- 

Hyde  Park, 

68 

10 

26 

- 

0 

1 

80 

- 

J7 

4 

- 

- 

16 

- 

8 

- 

Lee 

- 

- 

4ft 

1 

- 

- 

- 

- 

1 

- 

18 

- 

2 

- 

1 

- 

Leominster 

1 

- 

16 

- 

16 

2 

118 

- 

1 

- 

1 

- 

2 

- 

82 

- 

Llaooln, 

- 

- 

1 

- 

1 

- 

4 

- 

Lowsxx, 

Ift6 

86 

800 

6 

110 

24 

88 

- 

Lthv, 

106 

7 

08 

8 

108 

16 

IS 

- 

Maldbv, 

ft6 

ft 

72 

1 

62 

6 

82 

- 

Manebeeter,  ...••• 

- 

- 

8 

- 

- 

- 

- 

- 

Marblebead 

6 

1 

-II 

- 

4 

1 

- 

- 

MABLBOBOU6B, 

- 

- 

80 

- 

6 

- 

8 

- 

*  Many.  f  Bereral. 

I  Wlioopinf-eongh,  106  easea,  24  deatba. 


X  Small-pox,  4  oaaea. 
II  Few. 
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Cases  of  Infectious  Diseases  and  Deaths  nported  to  Local  Boards  of  HeaUh,  1898 

—  Continued. 


AHD  Cbouf. 

80A«LBT 
PSVBK. 

Ttphoid 
FsTxa. 

^*ftiiyt 

Cixr  ox  Towir, 

t 

CasM. 

Dtathi. 

Oaaea. 

Deathi. 

CaeM. 

Deaths. 

Caa... 

Dealki. 

Maynard, 

12 

- 

- 

- 

1 

"    1 

- 

- 

UMDTQiKD, 

11 

8 

88 

- 

21 

8 

6 

• 

Uxiaotm 

6 

- 

80 

- 

- 

- 

08 

- 

MUford, 

10 

8 

- 

- 

- 

- 

- 

• 

MiUbory, 

8 

- 

10 

- 

8 

1 

- 

- 

Nattok, 

7 

1 

0 

1 

7 

6 

- 

- 

Nbw  Bbdvord, 

n 

18 

101 

4 

120 

17 

11 

- 

Kbwbubtpobt, 

6 

8 

8 

- 

7 

8 

8 

- 

Nbwtov, 

M 

6 

68 

8 

44 

7 

U 

• 

KOBTH  ABAMB,* 

88 

8 

81 

8 

30 

10 

18 

- 

NOBTHAXPTOH, 

17 

1 

81 

- 

0 

8 

n 

- 

North  AiidoT«r, 

i 

1 

18 

6 

8 

40 

• 

North  Atll«borofQgfa,   .... 

10 

•  » 

8 

- 

8 

8 

88 

1 

North  Brookfleld,        .       .       .       . 

» 

• 

86 

4 

- 

- 

- 

- 

Norwood 

•■ 

1 

- 

7 

- 

06 

- 

Palmer, 

i 

1 

88 

1 

0 

1 

- 

- 

PtpperelU 

1 

- 

7 

- 

- 

- 

- 

- 

PiRBYXBCD, 

lU 

7 

8 

1 

16 

8 

8 

• 

Plymotith, 

1 

- 

- 

- 

18 

4 

- 

- 

Baadlng, 

1 

- 

* 

- 

0 

- 

2 

- 

BooUand, 

i 

/ 

7 

- 

8 

4 

- 

- 

Balbx, •      . 

88 

4 

68 

- 

80 

6 

- 

- 

Bangoa, 

1 

- 

1 

- 

8 

- 

- 

- 

SciraByiuji, 

74 

18 

80 

- 

64 

11 

- 

- 

BpBweyntLD 

164 

88 

78 

1 

81 

U 

86 

1 

Boothhrldgo, 

*t 

-t 

-t 

-t 

- 

- 

- 

- 

Bwampaoott, 

6 

1 

7 

- 

6 

- 

8 

Taitxtoh, 

11 

1 

87 

1 

30 

8 

17 

- 

Towkabary 

- 

- 

10 

1 

8 

- 

- 

- 

Wakefield, 

7 

8 

88 

- 

11 

1 

21 

• 

Walpole, 

1 

- 

0 

- 

4 

- 

6 

• 

Wax^tbam, 

68 

8 

86 

1 

86 

7 

1 

• 

Ware, •       • 

6 

8 

40 

1 

4 

1 

* 

• 

Watertown,t 

88 

8 

67 

6 

18 

8 

8 

- 

WeUealey, 

1 

- 

1 

- 

8 

- 

6 

*  Chiokea-pox,  8;  mompe,  12. 


f  Bereral* 


X  Wbooptng-eoofh,  L 
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(kues  of  Infectious  Ditetues  and  Deetlhs  reported  to  Local  Boards  of  HedlUi,  1898 

—  Condaded. 


CRT  omTo 

DnwraniA. 
abdCbocp. 

SCAXUT 

Fbtsb. 

Ttphoid 
Fsraa. 

iWH. 

Cu«s. 

DMtlll. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Wert  BrookfleM,* 

. 

« 

8 

- 

- 

- 

8 

* 

WMtfl«]d,t   .       . 

. 

- 

4 

- 

0 

8 

18 

- 

WMtford,     . 

.       .       .       .           S 

- 

41 

- 

10 

8 

1 

- 

W«t  Bpringfleld, 

.       .       .       .         17 

- 

10 

- 

- 

- 

84 

- 

.       .       .       .           8 

- 

- 

- 

- 

- 

- 

- 

WloohMter, . 

»       .       .       .          18 

1 

16 

- 

8 

1 

OS 

1 

WlnUurop,    . 

.       .       .       .           1 

- 

8 

- 

11 

- 

1 

- 

WoBUBir,     . 

.       .       .       .          61 

4 

8 

1 

11 

8 

4 

- 

WOBOMTBR, 

.       .       .       .        298 

84 

316 

6 

81 

18 

28 

- 

Total!,    .      .      . 

,       .       .       .     8,848 

60T 

8,600 

101 

8,148 

464 

4,160 

43 

FftUHty  (p«r  eent ; 

1,      .       .       .              18.S 

8.0 

21.T 

1.0 

*  Ad  epidemic  of  ebtclien>pos  and  of  meaeles. 


t  SmalLpos,  1. 


The  figures  for  1898  are  as  follows :  — 

Reported  cases  of  diphtheria  and  croup, 8,843 

Registered  deaths  from  diphtheria  and  cronp  in  the  same  cities  and  towns,  .  607 

Fatality  (percent), 13.2 

Reported  cases  of  scarlet  f erer, 8,509 

Registered  deaths  from  scarlet  fever  in  the  same  cities  and  towns,    .       .  101 

Fatality  (percent.), •       .       .  2.9 

Reported  cases  of  typhoid  fever, •       .       •       •  2,143 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,  •       •  464 

Fatality  (per  cent), 21.7 


Reported  cases  of  measles, 

Registered  deaths  from  measles  in  the  same  cities  and  towns,    • 
Fatality  (per  cent), 


4,160 

42 

1.0 


Ninety  cities  and  towns  are  embraced  in  this  table,  a  slightly 
smaller  number  than  those  of  last  year.  The  cities  of  the  State , 
and  especially  all  the  large  cities,  are  included,  and  the  whole  num- 
ber included  in  the  table  contains  about  three-quarters  of  the  popu- 
lation of  the  State. 
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The  repoi*ted  cases  of  diphtheria  and  croap  were  less  than  half 
as  many  as  those  of  the  preceding  year,  and  the  number  of  deaths 
was  less  than  that  of  either  of  the  four  preceding  years.  The 
fatality  being  only  13.2  per  cent,  as  compared  with  14.1  per  cent. 
in  1897.  .This  progressive  reduction  in  the  fatality  of  diphtheria 
since  the  introduction  of  antitoxin  is  worthy  of  note. 

The  reported  cases  of  scarlet  fever  were  more  than  those  reported 
in  1897,  and  the  fatality  (2.9  per  cent.)  was  less  than  that  of  any 
previous  year  of  record. 

The  reported  cases  of  typhoid  fever  were  less  than  those  of  any 
previous  year  since  1892,  and  the  fatality  (21.7  per  cent.)  was 
greater  than  that  recorded  in  any  previous  year  since  1892. 

The  reported  cases  of  measles  were  less  than  one-third  as  many 
as  those  of  1897,  and  the  fatality  (1  per  cent.)  was  slightly  greater. 

The  following  table  presents  the  summary  of  these  statistics  for 
the  eight  years  1891-98  :  — 


aborted  Cases  of  Infectious  Diseases  in  IfassachuseUs. 

DipJUheria  and  Croup. 

[Pre-Antltoxln  Period.] 


IMl. 

18«S. 

IMS.  , 

1S»4. 

TotiO. 

ReDortad  fiaanB.  .....•.•.. 

2,U4 

676 

88.6 

8,088 
891 

2,919 

926 

81.T 

4,986 

1,876 

27.9 

.  18,|S2 
8^768 

Deathft.         . 

Fatality  (per  cent ),  . 

DipJUheria  and  Croup. 

[Anatoxin  Period.] 

19M. 

18««. 

1807. 

1-^ 

JT^ 

Rettoried  euwa.  .......... 

7,866 

1,484 

18.0 

8,916 

1,848 

16.1 

7,866 

1,107 

14.1 

601 
18.2 

■ 

2&4T9 

Deatha.         .■••''•--•--> 

4.418 

Fatality  (per  eent),  . 

16.t 
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Scarlet  Fever. 


1«01. 

1899. 

1898. 

1894. 

1895. 

1898. 

1897. 

1898. 

ToUL 

Reported  caaei, 

DmUib,      .... 

Fatality  (per  cent.) , . 

4,617 
161 
8.8 

6,112 
281 
4.0 

7,420 
624 
8.8 

7,416 
604 
6.8 

6,060 
867 
6.9 

8,878 
220 
6.7 

6,406 
268 
4.7 

8,609 
101 
2.0 

44,808 

2,489 

6.6 

Typhoid  Fever. 

isai. 

1899. 

1898. 

1894. 

1895. 

1898. 

1897. 

1898. 

TotaL 

Beported  eaaea, 
Deatha,      .... 
Fatality  (per  cent. ) , . 

2,414 

400 

10.0 

1,802 

486 

28.0 

2,467 

402 

20.0 

2,814 

488 

17.0 

2,666 

468 

17.2 

8,016 

471 

16.6 

2,161 
464 

21.1 

2,143 

464 

21.7 

19,662 

8,717 

19.0 

Measles, 

1891. 

1899. 

1898. 

1894. 

1895. 

1898. 

1897. 

1898. 

TotaL 

Beported  caaea, 
Deattaa,      .       •       •       • 
Fatality  (per  cent.), . 

6,861 

84 

1.4 

788 

81 

4.0 

6,290 

08 

1.6 

2,061 

87 

1.8 

6,088 

76 

1.6 

6,861 

66 

0.9 

18,706 

96 

0.7 

4,160 

42 

1.0 

44,804 
628 
1.2 

In  the  foregoing  table  the  statistics  relating  to  diphtheria  and 
croup  have  been  arranged  in  two  periods,  which  may  properly  be 
called  the  pre-antitoxin  and  the  antitoxin  periods,  since  antitoxin 
came  into  general  use  in  the  State  about  the  beginning  of  the  year 
1895.  The  mean  fatality  in  the  former  period  (1891-94)  was 
28.3  per  cent,  (ratio  of  deaths  to  cases),  and  in  the  latter  period 
(1895-98)  it  was  15.6  per  cent.,  or  but  little  more  than  half  as 
large. 

In  order  to  compare  the  general  fatality  from  diphtheria  in  Massa- 
chusetts with  that  of  another  country  in  which  systematic  notifica- 
tion of  a  large  number  of  cases  has  been  conducted  for  a  period  of 
several  successive  years,  the  following  figures  for  England  are  pre- 
sented, as  published  in  the  annual  reports  of  the  Local  Government 
Board :  — 
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England, 

[Load  Oammnaiit  Board  flgan*.] 


DiPHTBBKIA. 

Gboup. 

Total. 

Cases. 

Deaths. 

(*mfn 

Deaths. 

Gsses. 

Deatha. 

Fir  CM. 

1800,       . 

1801,  a           . 

1802,  a             . 

1808, 

1804,      .       . 

1806,  . 

1806,            a 

1807,  .       . 

18,077 
20,712 
17,681 
18,700 
26,408 
24,200 

8,in 

4,761 
4,288 
4,226 
6,872 
4,621 

U80 
1,488 
1,266 
1,288 
1,886 
1,168 

m 

401 
886 

488 
640 
668 
478 

2,068 
11,010 
16,148 
22,148 
16,887 
19,068 
28,888 
26,448 

T68 
2,820 
8,678 
6,488 
4,722 
4,786 
8^028 
4,004 

26.6 

28.7 
28.8 
S4.6 
28.1 
28.0 
22.1 
18.8 

Total,     . 

120,768 

20,282 

7,642 

8,141 

148,272 

88,006 

- 

Mean  fatality 

(p« 

'oeni 

^).  . 

21.8 

41.1 

- 

28.0 

The  following  figures  present  the  fatality  from  diphtheria  and 
croup,  scarlet  fever  and  typhoid  fever  in  £ngland,  as  reported  by 
the  Local  Government  Board  of  England  for  the  years  1890-97 :  — 


1S90. 

1801. 

ISOS. 

ISM. 

1S»4. 

1899. 

18M. 

ia«7. 

Diphtheria  and  croop,    •       •       • 

Scarlet  fever, 

Typhoid  fever,        .... 

26.6 

8.0 

10.0 

28.7 

6.8 

20.8 

28.8 
4.4 

17.8 

24.6 

4.2 

17.0 

26.1 

4.8 

17.6 

28.0 
4.2 

16.0 

22.1 
4.0 

17.7 

».8 
8.0 

18.8 
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III. 

Official  Retukns  of  Notified  Diseases  Dangerous 

TO  THE  Public  Health,  1898. 

The  following  summary  embraces  the  returns  of  diseases  **  danger- 
ous to  public  health,"  made  to  the  State  Board  of  Health  under  the 
provisions  of  chapter  302  of  the  Acts  of  1893.  Since  the  act  in 
question  did  not  specify  the  diseases  intended  to  be  reported  to  the 
Board  (except  small-pox)  the  Board  issued  a  circular,  in  which  it 
expressed  its  opinion  as  to  the  particular  diseases  which  should  be 
reported  under  the  provisions  of  this  act.  They  were  the  following : 
imialUpox,  scarlet  fever^  measles^  typhoid  fever^  diphtheria^  mem" 
branous  croup ^  cholera^  yellow  fever ^  typhus  fever ^  cerebrospinal 
meningitis  J  hydrophobia^  malignant  pustule^  leprosy  and  trichinosis. 

The  report  of  1893  embraced  the  returns  of  the  fractional  year 
only  which  immediately  followed  the  enactment  of  the  statute,  while 
those  of  1894,  1895,  1896,  1897  and  1898  were  each  for  a  fall  year. 

The  whole  number  of  cases  of  infectious  diseases  reported  in  1898 
was  14,331,  which  were  divided  as  follows  :  — 

Reported  cases  of  small-pox, 10 

Reported  eases  of  diphtheria  and  croup, 8,980 

Reported  cases  of  scarlet  fever, 8,667 

Reported  cases  of  typhoid  fever, 2,196 

Reported  cases  of  measles, 4,478 


Total, 


14,881 


The  summary  for  the  six  years  1893-98  is  as  follows :  — 


1803  (four  montht  only), . 

1894, 

1805, 

1894,    •        .       •        •       • 
1897, 

Xovtff     «  •  •  •  • 

ToUl,  .       .       .       . 


Rbpobtkd  Casu  op 


Small-pox. 


Diphtheria 
and  Croup. 


Scarlet 
Fever, 


86 

181 

1 

5 

18 

10 


250 


1,100 
4.178 
7,806 
8,615 
7,618 
8,080 


•     83,201 


2,014 
6,781 
6,104 
8,801 
6,496 
8,667 


28,802 


Typhoid 
Fever. 


1,626 
2,872 
2,488 
2,687 
2,104 
2,106 


18,272 


Measles. 


1,608 
2,183 
4,868 
6,862 
12,606 
4,478 


82,080 


TotaL 


7,086 
16,606 
21,807 
21,820 
27.926 
14,881 


107.664 
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Seasonal  Distribution.  — By  months  these  diseases  were  reported 
as  follows  in  1898  :  — 


Cases  of  Infectious  Diseases  reported  io  the  Board  by  Months  during  IS 98. 


January, 
Febraary, 
March, . 
April,  . 
May,  . 
Jane,  . 
Jolyi     . 


M 

a 


0) 

> 
« 


m 


« 

•a 
"S 

H 


5 


. 

467 

840 

112 

242 

4 

3&0 

216 

76 

316 

8 

322 

287 

104 

346 

,        • 

825 

295 

06 

627 

.        - 

260 

468 

86 

644 

,        - 

187 

263 

06 

466 

•        — 

202 

154 

03 

298 

« 

c 

»» 

m 

^ 

a 

£ 

i 

09 

Diphth 
Crdu 

! 

o 
x: 
a. 

Aagnst, 
September, 
October, 
November, . 
Deoember, . 

Total,  , 


. 

168 

154 

— 

248 

227 

- 

367 

886 

• 

678 

449 

8 

517 
8,980 

480 

10 

3,667 

m 
S 


240  108 

471  72 

993  I  161 

253  j  481 
178 


2,196 


4,478 


In  order  that  the  foregoing  figures  may  be  interpreted  with  greater 
facility  the  following  table  is  appended :  — 


Intensity  of  Prevalence. 


DlPHTHRRIA 

Croup. 

AND 

SCASLKT  FbVRB. 

1                                        1 
Ttphoid  FavsB. 

MiAaLna 

1898. 

1897. 

1898. 

1897. 

1898. 

1897. 

1898. 

1907. 

A 

B 

B 

A 

B 

B 

A 

B 

B 

A 

B 

B 

Daily  Namber  of 
Keported   Cases 
in  Each  Month. 

Decimal  Ratio  fbr 
Kach  Month. 

Decimal  Ratio  for 
Each  Month. 

Daily  Number  of 
Keported   Cases 
in  Each  Month. 

Decimal  Ratio  for 
Each  Month. 

Decimal  Ratio  for 
Each  Month. 

Daily  Namber  of 
Reported   Cases 
in  Each  Month. 

Decimal  Ratio  for 
Each  Month. 

Decimal  Ratio  for 
Each  Month. 

Daily  Number  of 
Reported   Cases 
in  Each  Month. 

Decimal  Ratio  for 
Each  Month. 

e| 
|5 

January,    . 

15.1 

18.8 

16.8 

11.3 

11.2 

11.6 

3.6 

6.0 

10.1 

7.8 

6.4 

18.6 

February, . 

12.8 

11.8 

12.5 

7.7 

7.6 

9.6 

2.7 

4.6 

6.0 

1 

11.8 

0.2 

18.4 

Marob,       . 

10.4 

9.5 

9.6 

9.3 

9.2 

12.9 

8.4 

6.6 

4.4 

U.2 

0.1 

UJ 

April, 

10.8 

9.9 

10.5 

9.8 

9.8 

14.7 

3.2 

5.8 

5.0 

17.6 

14.8 

2D.f 

May,  .       . 

8.1 

7.4 

10.8 

14.8 

14.7 

17.3 

2.8 

4.6 

6.8 

S0.8 

16.0 

fl.4 

Jane* . 

6.2 

6.7 

9.7 

8.4 

8.4 

12.8 

8.2 

6.8 

6.6 

16.6 

12.6 

IS.* 

July, . 

6.5 

6.0 

7.2 

6.0 

4.9 

6.6 

3.0 

6.0 

5.6 

0.6 

7.8 

At 

AngasI, 

6.4 

5.0 

5.2 

6.0 

4.9 

5.6 

1  •  1 

12.9 

18.7 

'      8.5 

2.8 

1.0 

Beptembttft 

8.1 

7.4 

6.8 

7.6 

T.5 

5.0 

16.7 

26.1 

18.8 

1 

2.4 

2.0 

.4 

October,    . 

11.8 

10.0 

10.7 

12.8 

12.7 

7.4 

12.7 

21.1 

28.8  1 

6.8 

4.8 

.4 

November, 

19.1 

17.6 

18.1 

15.0 

14.9 

8.8 

v»4 

14.0 

18.8 

16.4 

12.8 

.6 

l>eeember,. 

16.7 

15.8 

11.1 

18.9 

18.8 

6.1 

v«  f 

0.6 

10.1 

2A.0 

21.9 

IJ 

Mean,. 

10.0 

10.0 

10.0 

10.1 

10.0 

10.0 

1 

o*u 

10.0 

10.0 

12.8 

10.0 

BJ 
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The  figures  in  the  foregoing  table  are  not  introduced  for  the  pur- 
pose of  comparing  the  prevalence  of  one  disease  with  another,  but 
for  the  purpose  of  presenting  the  reports  of  each  month  upon  a 
uniform  basis  of  comparison,  month  by  mouth,  so  that  the  relative 
intensity  of  each  disease  is  shown  for  each  month.  The  method 
also  has  the  advantage  of  eliminating  the  apparent  errors  of  compu- 
tation arising  from  the  unequal  length  of  the  months. 

The  figures  may  be  read  as  follows :  for  example,  the  mean  daily  number 
of  reported  cases  of  diphtheria  and  croup  in  January,  1898,  was  15.1 ;  of 
scarlet  fever,  11.3  ;  of  typhoid  fever,  3.6  ;  and  of  measles,  7.8  (see  colamns 
marked  A)  ;  and  the  mean  daily  number  of  the  same  diseases  for  the  whole 
year  1898  was  respectively  10.9,  10.1,  6  and  12.3.  Assuming  a  standard 
of  10  as  the  daily  mean  of  leach  disease  for  each  year,  the  ratios  for  January 
were  as  follows:  diphtheria  and  croup,  13.8;  scarlet  fever,  11.2;  typhoid 
fever,  6 ;  and  measles,  6.4  (see  colamns  marked  B).  That  is  to  say,  for 
each  10  cases  of  diphtheria  and  croup  reported  daily  throughout  the  year 
1898,  as  a  mean,  there  were  13.8  in  January,  11.8  in  February,  9.5  in 
March,  etc. 

By  the  foregoing  table  it  appears  that  the  seasonal  prevalence  of 
diphtheria  and  croup,  so  far  as  can  be  learned  from  the  reported 
cases,  followed  a  somewhat  similar  course  with  that  of  1897.  Be- 
ginning in  January  with  a  high  prevalence,  there  was  a  compara- 
tively uniform  decline  to  a  minimum  in  August,  and  then  a  more 
rapid  rise  to  a  maximum  in  November.  December  furnished  a 
smaller  number  of  daily  reports  than  November,  as  it  did  also  in 
1897. 

Scarlet  fever  prevailed  most  severely*  in  May  and  November, 
1898,  and  in  April  and  May,  1897,  and  reached  its  minimum  in 
the  months  of  July  and  August  in  each  year. 

The  prevalence  of  typhoid  fever  was  considerably  below  the  mean 
during  the  first  seven  months  of  1898,  but  rose  rapidly  to  a  maxi- 
mum in  September,  while  in  1897  the  maximum  was  in  October. 

Measles  prevailed  with  less  than  the  mean  intensity  in  the  first 
quarter,  rising  above  the  mean  in  the  second  quarter,  then  falling 
below  the  mean  in  the  third  quarter,  and  reaching  a  minimum  in 
October,  and  rising  rapidly  to  its  maximum  in  December.  The 
entire  number  of  reported  cases  of  measles  in  1898  was  but  little 
more  than  one-third  as  many  as  those  of  1897.  The  history  of  this 
disease  in  the  State  for  the  past  forty  years  has  shown  that  epidemics 
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have  occurred  about  once  in  every  three  or  four  years.  There  have 
been  ten  epidemic  years  in  the  past  forty  years,  as  follows :  in  1858, 
1862,  1864,  1872,  1878,  1883,  1887,  1891,  1893  and  1897.  More 
than  80  per  cent,  of  the  deaths  from  measles  are  those  of  children 
under  five  years  old.  After  each  epidemic  year  a  period  of  com- 
parative freedom  from  the  disease  occurs,  until  a  new  crop  of 
children  comes  into  existence,  who  have  never  had  measles,  and 
hence  furnish  material  for  a  new  epidemic.  The  practice  of  isola- 
tion has  not  been  applied  so  thoroughly  to  this  disease  as  has  been 
done  for  scarlet  fever,  hence  the  diminution  in  mortality  has  not 
been  so  apparent. 

The  following  table  presents  the  numbers  of  cases  of  each  disease 
reported  from  each  city  and  town  in  1898.  The  whole  number  of 
reporting  cities  and  towns  is  167,  that  of  the  previous  year  being 
172. 

Where  the  name  of  a  city  or  town  occurs  both  in  Section  II.  and 
in  Section  III.  of  this  summary,  the  difference  in  numbers  may  be 
taken  as  the  deficiency  in  returns  made  by  the  local  board  to  the 
State  Board  of  Health. 


Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  One  Htm- 

dred  and  Sixiy-seven  Cities  and  Towns  during  1898, 


Diphtheria 
and  Croap. 

i 

1 

QQ 

Typhoid 

Fever. 

• 

1 

Diphtheria 
and  Croop. 

Scarlet  Fever. 

•: 

«• 

i 

» 

m 
m 
« 

a 

Adams,    . 

6 

8 

- 

1 

Bbykrlt, 

8 

18 

19 

1 

Ameabnry, 

6 

18 

8 

1 

Bolton,     . 

4 

- 

1 

- 

Amherst, . 

- 

11 

- 

45 

Boston,  . 

1,701 

014 

558 

t«« 

AndoT«r,  • 

16 

IS 

8 

6 

Bozborongh,    . 

1 

- 

- 

- 

Arlington, 

6 

14 

- 

Bridge  water,  . 

- 

S 

1 

- 

Aahfield,  . 

- 

- 

- 

Bbockton,     . 

6 

15 

10 

« 

Attleborongh, . 

8 

18 

4 

18 

Brookfleld, 

1 

- 

- 

1 

Anbum,  . 

2 

- 

- 

Brookllne, 

21 

17 

20 

98 

Avon, 

- 

- 

- 

Cambridgb, 

150 

122 

01 

u 

Ayer, 

1 

5 

- 

Carver,     . 

1 

1 

4 

- 

Barnstable, 

2 

2 

1 

Obelmsford, 

1 

18 

Barre, 

- 

S 

1 

OmSLSBA, 

87 

IM 

10 

n 

Bedford,  . 

1 

- 

1 

1 

Cbeshlre, . 

- 

2 

1 

Berlin, 

S 

1 

- 

- 

Cbestor,   . 

1 

- 

_ 
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Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  One  Hun- 
dred and  Sixty-seven  Oities  and  Totons  during  1898 —  Continued. 


Diphtheria 
and  Croup. 

i 
1 

1 

• 

S 

1 

|l 

s 

1 

1 

Typhoid 

Fever. 

1 

Chioopbb, 

81 

8 

26 

28 

Oreeowloh, 

1 

- 

. 

K 

ClintoD,    . 

6 

- 

8 

8 

Groton,    . 

- 

0 

* 

• 

Concord,  . 

8 

S 

8 

15 

Groveland, 

6 

- 

8 

21 

ColralD,    . 

- 

8 

" 

- 

Hadley,    .       . 

- 

- 

1 

0 

Cottage  City, 

- 

- 

6 

- 

Hamilton, 

- 

1 

- 

. 

Dalton,     . 

1 

2 

1 

Halifax,    . 

- 

2 

- 

- 

Dana, 

a 

- 

- 

- 

Hardwiok, 

7 

1 

- 

- 

Danvere,  . 

18 

10 

11 

7 

Haybbhill,    , 

66 

60 

100 

807 

Dartmouth, 

- 

8 

- 

- 

Hingham, 

18 

- 

- 

- 

Dedham,  . 

- 

1 

2 

42 

Hinadale, . 

1 

- 

1 

. 

Dlgbton,  . 

7 

8 

- 

- 

HolllstOD, 

- 

4 

0 

2 

Donglaa,  . 

2 

22 

7 

- 

HoZiTOKB, 

81 

41 

26 

46 

Dover, 

2 

1 

- 

2 

Hopedale, 

1 

- 

- 

6 

Baet  Brldgewater,  . 

2 

1 

7 

- 

Hopkinton, 

1 

- 

- 

- 

Seat  Loogmeadow, . 

4 

- 

1 

- 

Hudson,  . 

8 

10 

4 

7 

Bdgartowo, 

- 

- 

« 

- 

Hyde  Park,     . 

86 

12 

6 

44 

Btxsbtt, 

46 

48 

90 

29 

Iptwioh,  . 

27 

- 

16 

8 

Fairhaven, 

4 

2 

11 

- 

Lanesborongh, 

1 

- 

- 

- 

Fall  Ritxr,  . 

83 

106 

74 

- 

Lawbbkob,     . 

205 

184 

74 

490 

Falmouth, 

1 

1 

- 

- 

Leloeeter, 

1 

10 

2 

1 

FiTCHBUBO,      . 

88 

Id 

20 

80 

Lenox, 

- 

1 

.   - 

* 

Foxborongh,    . 

ft 

1 

1 

7 

1 

Leomioater,     . 

2 

16 

18 

U8 

Franklin, . 

1 

1 

1 

1 

,  1 

Lexington, 

1 

1 

2 

82 

Cterdner,  . 

4 

42 

16 

- 

Leyden,    . 

1 

- 

- 

- 

GUI,  . 

- 

1 

- 

- 

Lineoln,    . 

- 

1 

- 

- 

OLOUCB8TBB,  . 

12 

62 

0 

- 

LOITBLL,  . 

160 

818 

128 

86 

Orafton,  . 

1 

1 

- 

- 

Ltnm,      •       . 

86 

03 

116 

12 

Oranby,    . 

- 

- 

1 

-  1 

Bf  ALDBS,  . 

40 

70 

61 

28 

OranviUe, 

1 

- 

- 

88 

1 

Mancheeter,     , 

- 

1 

- 

- 

Great  Barrington,  . 

- 

1 

- 

1 
-  1 

Kfansfleld, 

4 

- 

- 

- 

Qreenfleld,* 

6 

8 

8 

1 

Mablbobouoh, 

- 

26 

8 

8 

*  Small-pox :  — 

Greenfield, 4 

Roaaell, 8 

Sberbom, .2 

Weetfleld 1 

10 
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Cases  of  Infectious  Diseases  reported  to  the  Stale  Board  of  Health  from  One  Bun- 
dr^  and  Sixty-seven  Cities  and  Towns  during  1898 — Continued. 


Diphtheria 
and  Croup. 

£ 
1 

oo 

Typhoid 

Fever. 

■ 

1 

1 

1 
1 

Diphtheria 
and  Croup. 

8earlct  Fever. 

Typhoid 

Fever, 

Marshfleld, 

- 

- 

2 

1 

Rowley,   . 

5 

- 

« 

1 

Medfield, . 

- 

- 

- 

1 

Royalston, 

4 

- 

1 

- 

MXDFORD, 

13 

4 

18 

6 

Salbm,     . 

28 

66 

99 

- 

Medway,  . 

4 

1 

8 

22 

Sandiafleld,      . 

- 

8 

6 

7 

Mlddleton, 

4 

- 

- 

- 

Sangus,    . 

1 

4 

8 

10 

Milford»    . 

25 

- 

8 

51 

Beekonk,  . 

- 

1 

- 

- 

MUIbory, .       . 

« 

8 

2 

- 

Shelbnrne, 

1 

- 

- 

- 

Milton,     . 

8 

16 

2 

21 

Shirley,    . 

6 

1 

- 

- 

Mooeon,   . 

9 

8 

4 

1 
^     1 

Somerset, 

1 

11 

1 

Needham, 

2 

- 

- 

5 

SoQthborongh, 

1 

- 

- 

- 

Nbw  Bedford,     . 

77 

101 

129 

12 

SoQthamptOD,  . 

- 

- 

- 

» 

NXWBUBTPOBT,        . 

6 

8 

« 

2 

Spencer,  . 

- 

- 

1 

- 

Nbwton,  . 

80 

45 

27 

80 

Btnrbridge, 

7 

- 

1 

• 

Norfolk,    . 

- 

1 

- 

- 

Bwampscott,    . 

5 

4 

1 

North  Adams, 

18 

0 

9 

- 

SOXBBTIT.LI,   . 

79 

76 

1        49 

1 

NOBTHAJCPTON, 

6 

8 

1 

- 

SPBIRaPIBLD, . 

102 

03 

'    » 

s» 

North  Andover, 

6 

20 

6 

85 

TaUNTOir, 

9 

88 

» 

IS 

North  Attleboroogh, 

10 

7 

2 

22 

Templeton, 

2 

8 

1 

1 

Northbrldga,   . 

1 

- 

- 

- 

Upton, 

1 

I 

o 

North  Brookfleld,  . 

28 

43 

- 

- 

Uzbridge, 

9 

4 

Norton,    . 

2 

2 

- 

- 

Wakefield, 

10 

21 

12 

Norwood, 

- 

1 

« 

27 

Walpole,  . 

- 

5 

1 

Orange,    . 

8 

- 

- 

- 

Waltham, 

47 

19 

28 

1 

Oxford,    . 

1 

4 

- 

- 

Ware, 

5 

7 

1 

1         1 

Palmer,    . 

« 

16 

2 

- 

Wareham, 

- 

- 

A 

Peabody, . 

77 

1 

6 

- 

Warren,   . 

1 

10 

t                   * 
1 

Pepperell, 

8 

6 

1 

- 

Watertown,     . 

21 

49 

1 

Plymouth, 

- 

- 

6 

- 

Webster,  . 

4 

1          6 

8 

QUINOT,    . 

10 

65 

87 

88 

Wellealey, 

- 

1 

1 

.1 

Randolph, 

4 

6 

- 

- 

West  Brookfleld,     . 

1 

t 

- 

- 

Beading,  . 

2 

- 

8 

1 

*  Westfield,*      . 

- 

8 

9 

11 

Revere,     . 

6 

0 

8 

- 

Weatford, 

1 

U 

10 

1 

Rockport, 

6 

- 

4 

1 

1 
Westhampion, 

- 

1 

1 

1 

- 

4 

See  note  oo  preceding  page. 
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Cases  of  Infectious  Diseases  reported  to  the  Slate  Board  of  Health  from  One  Hun- 
dred and  Sixty-seven  Cities  and  Towns  during  1898 — Concluded. 


Diphtheria 
and  Croop. 

i 
1 
1 

i 

• 

8 
« 

1 

Diphtheria 
and  Group 

1 

1 

Typhoid 

Fever. 

• 

3 

I 

Weeton,    . 
WeymoQth,     . 
Whitman, 
WiUiamatown, 
Wlnehendon,  . 

5 
« 
2 
2 
10 
1 

4 

6 
12 

6 
81 

2 

8 
8 
7 

13 
0 
6 

8 

8 
8 

7 
1 

WOBUBN, 

Worthington,  . 

WORCBSTEB,    . 

Wrentham, 
West  Springfield,   . 
Totals, 

40 

208 
7 

1ft 
3,080 

6 

102 

7 

10 

5 
76 

4 

6 
10 

4 
22 

Winthrop, 

8,667 

2,106 

4,478 

The  following  list  comprises  the  cities  and  towns  which  failed  to 
report  (under  the  provisions  of  the  statute)  to  the  State  Board  of 
Health.  It  is  but  just  to  state  that  in  many  of  the  towns  named 
in  group  IV.,  and  in  some  of  those  in  group  III.,  it  is  quite  prob- 
able that  no  cases  of  infectious  disease  occurred. 


List  of  Towns  from  t^-hich  no  Reports  were  received. 

/.     Cities, 

PiTTSFIELD. 

IL    Towns  having  a  Population  of  More  than  5,000  in  Each. 


Athol, 

Blac^kstone, 

Brain  tree, 

Framingham, 

Marblehead, 

Melrose, 


Methuen, 

Middleborough, 

Montague, 

Natick, 

Rockland, 

Southbridgc, 


Stoneham, 
S  tough  ton, 
Westborough, 
Winchester.  — 16. 


IIL    Towns  having  a  Population  of  More  than  IfiOO  but  Less  than  BfiOO  in  Each, 


Abington, 

Acton, 

Acushnet, 

Agawam, 

Ashbamham, 

Ashland, 

Auburn, 

Avon, 

Belchertown, 

Belmont, 

Bellingbam, 

Billerica, 


Bourne, 

Bradford, 

Backland, 

Canton, 

Cohasset, 

Conway, 

Cbarlcmont, 

Chatham, 

Charlton, 

Clarksburg, 

Dennis, 

Deerfield, 


Dracut, 

Dudley, 

Duxbury, 

Easthampton, 

Easton, 

f^sex, 

Freetown, 

Georgetown, 

Hanover, 

Hanson, 

Harwich, 

Hatfield, 
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List  of  Towns  fbom  which  no  Reports  were  received — Concluded, 

III,    Towns  having  a  Population  of  More  than  1,000  but  Less  than  5^000  in  EaA 

—  Concluded. 


Hoi  brook, 

Holden, 

HubbardstoD, 

Hull, 

Huntington, 

Kingston, 

Lancaster, 

Lee, 

Littleton, 

Ludlow, 

Lunenburg, 

Marsh  field, 

Mattapoisett, 

Maynard, 

Merrimac, 

Millis, 

Nantucket, 

Newbu 

Northfie 


ry, 
eld, 


New  Marlborough, 

Norwell, 

Orleans, 

Pembroke, 

Provincetown, 

Ravnham, 

Rehoboth, 

Rochester, 

Salisbury, 

Sandwich, 

Sharon, 

Sheffield, 

Sherborn, 

Shrewsbury, 

South  Hadley, 

Sterling, 

Stockbridge, 

Sudbury, 

Sutton, 


Swansea, 

Tewksbury, 

Tisbury, 

Topsfield, 

Townsend, 

Wayland, 

Wellesley, 

West  Boylston, 

West  Bndgewater, 

Westford, 

Westminster, 

West  Newbury, 

Westport, 

West  Stockbridge, 

Wilbraham, 

Williamsburg, 

Wilmington, 

Yarmouth.  —  92. 


IV,    lowns  having  Less  than  IfiOO  Inhabitants. 


Alford, 

Ashby, 

Becket, 

Berkley, 

Bernardston, 

Blandford, 

Boxford, 

Boylston, 

Brewster, 

Brimfield, 

Burlington, 

Carlisle, 

Chesterfield, 

Chilmark, 

Cummington, 

Dunstable, 

Eastham, 

Egremont, 

Enfield, 

Erving, 

Florida, 

Gay  Head, 

Goshen, 

Gosnold, 

Hampden, 

Hancock, 

Hawley, 


Heath, 

Holland, 

Lakeville, 

Leverett, 

Longmeadow, 

Lynn  field, 

Marion, 

Mashpee, 

Mendon, 

Middlefield, 

Monroe, 

Monterey, 

Montgomery, 

Mount  Washington, 

Nahant, 

New  Ashford, 

New  Braintree, 

New  Salem, 

Norfolk, 

North  Reading, 

Oakham, 

Otis, 

Paxton, 

Pelham, 

Peru, 

Petersham, 

Phillipston, 


Plainfield, 

Plympton, 

Prescott, 

Princeton, 

Richmond, 

Rowe, 

Russell, 

Rutland, 

Savoy, 

Shutesbury, 

Southwic^ 

Stow, 

Sunderland, 

Tolland, 

Truro, 

Tyngsborough, 

Tyringham, 

Wales, 

Warwick, 

Washington, 

Wellfleet, 

Wendell, 

Wen  ham. 

West  Tis'bury, 

Whately, 

Windsor.  — 80. 


The  Board  will  forward  to  the  local  board  of  health  of  any  place 
the  postal  cards  necessary  for  reporting,  on  application  from  such 
local  board  of  health. 
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lY. 

Official  Returxs  of  Deaths  in  Cities  and  Large 
Towns  (Chai*ter  218,  Acts  of  1894). 

The  following  summary  comprises  the  results  obtained  from  the 
tabulation  of  the  returns  required  by  chapter  218  of  the  Acts  of 
1894,  whereby  the  board  of  health  of  each  city  and  populous  town 
is  directed  to  send  to  the  State  Board  of  Health  an  annual  state- 
ment of  the  deaths  in  such  city  or  town  upon  a  blank  form  furnished 
by  the  State  Board. 

The  whole  number  of  cities  and  towns  included  in  this  list  is 
85.*  The  total  population  of  these  85  cities  and  towns  by  the 
census  of  1895  was  2,034,658. 

The  death-rates  of  these  towns  in  the  following  summary  for  the 
year  1898  are  calculated  upon  an  estimated  population,  such  esti- 
mate being  based  upon  the  rate  of  growth  from  1890  to  1895,  as 
taken  from  the  census  returns. 

This  estimate  would  add  several  more  towns  to  the  list  for  1898,. 
and  four  towns  (Easthampton,  North  Brookfield,  Reading  and  \Vil- 
liamstown)  have  voluntarily  sent  returns  to  the  board,  although 
not  required  by  the  Statute,  thus  making  (with  the  omission  of 
Westfield)  the  total  number  of  cities  and  towns  included  in  the 
summary  88. 

The  estimated  population  of  these  88  towns  in  1898  was  2,216,869,. 
or  about  80  per  cent,  of  the  total  population  of  the  State. 

The  whole  number  of  deaths  registered  in  these  towns  in  1898 
was  38,147,  and  the  death-rate  calculated  upon  the  foregoing  esti- 
mated population  was  17.21  per  1,000  living.  This  rate  was  con- 
siderably less  than  that  of  either  of  the  years  which  have  elapsed 
since  the  law  was  enacted  requiring  returns  of  deaths  from  this 
group  of  cities  and  towns. 

•  The  town  of  Wettfleld  has  failed  to  make  the  neoetsary  retain  for  the  jear  1898. 
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Sexes, — The  number  of  deaths  of  males  was  19,425,  or  50.9  per 
cent,  of  the  whole  number  of  deaths  of  those  whose  sex  was  known ; 
and  the  deaths  of  females  were  18,704,  or  49.1  per  cent.  There 
were  18  in  which  the  sex  was  not  stated  in  the  returns. 

Ages.  —  The  deaths  shown  by  four  groups  of  ages,  as  recom- 
mended by  Korosi,  were  as  follows  :  — 


AQS8. 

Deaths. 
1888. 

PBSCKllTAOBe  OF 

All  Dkaths. 

AOES. 



I>eatha. 
1888. 

PsvcnrTAOsa  or 
All  Dkatbs. 

1888. 

1897. 

188S. 

1887. 

Under  1  year, 
1  to  20  years, 

9,489 
6,785 

24.77 
15.06 

28.47 
18.03 

20  to  50, 

50  and  oTer, . 

1 
9,695 

13,288 

25.44 
84.74 

2I.M 
8S.5I 

* 

The  deaths  of  infants  under  one  were  9,439,  or  24.77  per  cent, 
of  the  total  mortality,  and  those  of  children  under  five  years  were 
12,601)  or  33.07  per  cent,  of  the  total  mortality. 

All  of  the  percentages  in  this  table  are  estimated  upon  the  numl)er 
of  deaths  of  persons  whose  ages  were  specified  in  the  returns.  The 
total  number  of  deaths  in  which  the  age  was  not  specified  was  40. 

The  most  noteworthy  fact  in  the  foregoing  table  is  the  very  low- 
percentage  of  deaths  of  persons  at  age  1-20  years,  namely,  15.0'>, 
as  compared  with  18.5,  17.9,  17.7  and  18.0,  respectiveh%  for  the 
years  1894,  1895,  1896  and  1897.  This  unusually  low  percentage 
of  mortality  ^mong  children  and  young  persons  between  the  ages 
of  one  and  twenty  years  is  due  mainly  to  the  low  death-rate  from 
infectious  and  preventable  diseases  which  bear  most  heavily  upon 
the  early  ages  of  life. 

Months  and  Quarters,  —  The  number  of  deaths  in  each  quarter 
of  the  year  is  shown  in  the  following  table :  — 


Deaths. 
1888. 


First  quarter,    . 
Second  qaarter. 
Third  qaarter,  . 
Fourth  qaarter, . 
Total,  . 


0,088 

8,797 

11,048 

9,264 


S8,t48< 


28.88 
28.06 
28.96 
24.29 


100.00 


28.48 

28.81 
27.48 
2S.S8 


*  Two  deatha  were  regtotered,  the  date  being  tmlniown. 
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The  intensity  of  the  seasonal  death-rate  is  shown  in  the  following 
table,  the  method  employed  being  explained  on  page  771  in  Section 
III.,  relating  to  disease  notification  :  — 


Seasonal  Intensity  of  the  Death-rate, 


Mean  Dally 

Deaths 
per  Month. 

1898. 

CKXTK8IMAL  RATIO. 

Mean  Dally 

Deaths 
per  Mouth. 

1898. 

Ckmtesimal  Ratio. 

1898. 

1897. 

1     1898, 

1 

1897. 

January,     . 
February,   . 
March, 
April,  . 
May,    .       .       . 

99.6 

99.7 

101.8 

105.2 

07.4 

87.4 

106.1 

95.3 
96.4 
97.4 
100.7 
93.2 
83.6 

101.5 

1 

100.5 
107.1 
114.1 
104.8  I 
04.9 
85.8 
109.0 

August,     . 
September, 
October,    . 
November, 
December, 
Annual  mean. 

184.9 
119.1 
100.2 
95.8 
106.5 

129.1 

114.0 

95.9 

91.2 

101.9 

115.1 

101.8 

98.8 

87.8 

86.7 

June,  . 
July,    . 

104.5 

100.0 

100.0 

The  figures  in  the  foregoing  table  indicate  a  greater  uniformity 
in  the  death-rate  throughout  the  year,  comparing  one  month  with 
another,  than  is  shown  by  the  figures  of  1897,  and  reference  to  the 
reports  of  the  three  preceding  years  also  shows  a  more  uniform 
death-rate  than  those  of  1894,  1895  and  1896,  which  would  indicate, 
when  taken  in  connection  with  an  examination  of  the  table  of  causes 
of  death,  a  more  healthful  year  than  either  of  the  three  preceding 
years,  the  higher  death  rate  in  July  and  August  being  more  than 
counterbalanced  by  a  generally  lower  death-rate  in  the  remaining 
months. 

The  mean  maximum  departure  from  the  death-rate  for  each  month 
for  the  period  of  20  years,  1856-75,  w^as  32.9  per  cent,  in  August, 
and  in  the  20  years  period  (1876-95)  it  was  20  per  cent,  in  August, 
^hile  that  of  August,  1898,  was  29  per  cent. 

In  the  two  years  having  the  highest  death-rates  in  Massachusetts 
in  the  past  half  century  (1849  and  1872)  the  maximum  departures 
from  the  yearly  means  were,  respectively,  83.4  per  cent,  in  August, 
1849,  and  40  per  cent,  in  August,  1872.  That  of  eTanuary,  1890, 
the  month  in  which  the  epidemic  of  influenza  was  at  its  maximum, 
was  43.4  per  cent,  above  the  mean. 
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Causes  of  Death. 

Table  IV.  presents  the  mortality  of  the  cities  and  towns  embraced 
in  this  summary,  classified  by  causes  of  death  for  the  year  1898. 
The  same  figures  are  again  presented  in  a  condensed  form  in  Table 
v.,  wherein  the  comparative  mortality  from  different  diseases  and 
groups  of  diseases  for  the  five  years  during  which  the  law  has  been 
in  operation  may  be  examined. 

It  appears  from  Table  V.  on  page  796  that  the  decrease  in  the 
general  death-rate,  which  was  noted  in  the  last  annual  report,  has 
continued  throughout  1898,  so  far  as  can  be  judged  from  the  usual 
estimates  of  population,  the  principal  improvement  being  shown  in 
the  infectious  diseases  near  the  top  of  the  column.  It  is  a  source 
of  much  satisfaction  to  note  that  marked  changes  have  taken  place 
in  the  death-rate  from  those  diseases  which  are  clearly  preventable, 
and  this  may  be  taken  as  an  index  of  better  sanitary  organization 
and  work  in  the  cities  and  towns  named  in  the  list.  Consumption, 
measles,  scarlet  fever,  diphtheria  and  puerperal  fever  are  diseases 
which  yield  to  the  action  of  human  agencies ;  and  in  every  one  of 
these  there  was  a  marked  drop  in  the  death-rate,  not  only  as  com- 
pared with  that  of  1897,  but  also  with  that  of  the  four  preceding 
years  embraced  within  the  operations  of  the  statute  of  1893. 

Comment  was  made  in  the  last  report  upon  the  fact  that  estimates 
made  in  intercensal  years  are  liable  to  error  in  either  direction,  and 
that  no  method  of  estimating  populations  can  produce  exact  results, 
in  the  absence  of  other  definite  knowledge.  It  was  for  this  reason 
that  the  tables  of  death-rates  made  up  from  the  total  estimated 
population  have  been  published  in  parallel  columns,  together  with 
the  percentages  of  the  total  mortality  in  each  of  the  annual  report> 
since  and  including  1892  (see  pages  xlviii,  xlix,  twenty-fourth 
annual  report,  1892),  and  especially  in  the  very  full  report  of  1896, 
embracing  the  statistics  of  forty  years  (1856-95). 

The  table  of  percentages  of  total  mortality  acts,  in  a  measure,  as 
a  check  or  control  in  case  of  erroneous  estimates  of  population.  It 
is  for  this  reason  that  a  similar  condensed  statement  is  here  intro- 
duced in  Table  V. 

The  changes  in  the  death-rate  from  consumption,  typhoid  fever 
and  puerperal  fever  (see  child-birth  in  report  of  1896,  page  804 ) 
have  been  quite  fully  treated  in  the  report  of  1896.     To  these  may 
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be  added  the  later  comments  on  the  changes  in  the  death-rate  from 
diphtheria,  which  appear  in  the  figures  of  the  past  four  years. 

The  following  preventable  causes  of  death,  consumption,  measles, 
scarlet  fever,  diphtheria,  whooping-cough,  typhoid  fever,  puerperal 
fever  and  cholera  infantum,  together  constituted  27.2  per  cent,  of 
the  total  mortality  in  1894,  but  had  fallen  off  successively  to  24.2, 
24.2,  21.9  and  21.1  in  the  four  succeeding  years,  while  the  prin- 
cipal acute  lung  diseases,  diseases  of  the  heart,  brain,  kidneys, 
cancer,  suicide  and  accident  had  increased  from  35.7  per  cent,  of 
the  total  mortality  to  36.9,  36.9,  38.5  and  39.2  per  cent,  in  the 
same  years. 

These  all  combined  constituted  the  greater  part  of  the  total  mor- 
tality in  each  of  the  five  years  1894-98,  and  of  the  diseases  specified 
in  the  table  entitled  the  **  Balance  of  Mortality,"  in  the  annual 
report  of  1896,  page  812. 

The  most  notable  change  in  the  death-rate  from  any  specific 
disease  in  1898  is  the  very  marked  diminution  in  the  death-rate 
from  diphtheria  and  croup,  which  is  less  than  half  as  great  as  that 
of  1897,  and  less  than  one-third  as  great  as  that  of  1894.  That  of 
scarlet  fever  is  also  quite  remarkable,  being  only  half  as  great  as 
its  least  mortality  rate  in  either  of  the  four  preceding  years,  and 
but  little  more  than  one-sixth  of  its  mortality  in  1894.  Consump- 
tion has  also  declined  with  considerable  uniformity  from  a  death- 
rate  of  22.34  in  1894  to  18.41  in  1898.  Measles  from  a  maximum 
of  .57  in  1897  to  .34  in  1898.  Cerebro-spinal-meningitis  presented 
a  slightly  lower  mortality  than  it  had  in  1897,  2.59  and  2.12.  Ery- 
sipelas and  puerperal  fever  have  notably  declined  to  but  little  more 
than  half  their  death-rate  in  1894.  There  was  a  slight  increase  in 
all  diarrhoeal  diseases,  as  compared  with  their  mortality  in  1897. 
A  slight  decrease  in  diseases  of  the  lungs  and  brain,  and  a  slight 
increase  in  those  of  the  heart  and  kidneys.  The  mortality  from 
cancer  has  increased  over  40  per  cent,  since  1895.  Deaths  from 
violence  have  presented  a  fairly  uniform  mortality  throughout  the 
five  years  1894-98. 
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Table  I. 
Population  of  Cities  and  Large  Towns  estimated  for  1898. 


Reporting  Citiks  and  Toivks. 


Estimated 

PopalHtton, 

1898. 


Adams, 
Ameabury,  . 
Andover,     . 
ArllDgtOD,    . 
Athol,  . 
Attleborougfa, 
Beverly,    . 
BlackstODo, 
Boston, 
BralDtree,    . 
Bbockton,  . 
Brookline,   . 
Cambuidqb, 
Chelsea,    . 
Chicopeb,  . 
ClintoD, 
Concord, 
Danvers, 
Dedham, 
Baatbampton, 
Btebbtt,    . 
Fall  Riteb, 

FlTCRBCBO, 

FramiDgham, 

Frankllo,     . 

Oardner, 

Gloucesteb, 

Grafton, 

Greenfield,  . 

Hayerhill, 

HOLTOKB,    . 

Hndson,       • 
Hyde  Park, . 
Lawrence, 
Leomlnater, 
LowBLLt     . 


7,011 

10,098 

8,147 

7,046 

7,991 

8,714 

12,397 

6.979 

528,483 

5,588 

37,278 

18,600 

89,517 

33,468 

17,842 

12,140 

5,628 

8,616 

7,283 

6,027 

26,338 

99.465 

29,488 

9,875 

5,319 

9,638 

80,589 

5,180 

6,814 

87,289 

43,424 

5,890 

12,805 

57,268 

10,875 

88,641 


RbPOnTIHO  ClTIBS  AKD  TOWIIS. 


Eatlmatrd 
Popitlatian, 

ims. 


Ltnn, 
Maldek,   . 
Marblehead, 

MABLBOROnOH, 

Medfobd, 
Melroae,     , 
Methuen,    . 
Mlddleborongh, 
Milford,     . 
MlUbnry,   . 
Mllton, 
Montagae, . 
Natick, 

New  BBDroRD 
Newburtport 
Newton,  . 
North  Adams, 
nobthaxpton,  . 
Nortb  Attleboroagb 
Northbridge,     . 
Nortb  Brookfield, 
Orange, 
Palmer, 
Peabody, 

PiTTSFIBLD, 

Plymonth, 

QUINCT, 

Reading, 

Revere, 

Rockland, 

Rockport, 

Salbx, 

SOKEBVILUE, 

Sonthbrldge, 
Spencer,    • 

SPRIKGnBLD, 


66,na 

84,611 

T.35S 

15,679 

16,511 

14,031 

6,21& 

7.0CS 

9,06S 

S,«93 

6,se 

5,914 
8,611 
66,340 
14,9U 
»,7W 
90.971 
1T,T»9 
6.4» 

i,m 

5^ 
5,836 

7,C«0 
M.T16 
22.643 

8,341 
2S^ 

S,<M 

8,476 

5,7a» 

6,009 
36,881 

6i.m 

8,697 

6,tn 

H,M1 
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Table  I.  —  Concluded, 


Reporting  Cities  and  Towns. 


Estimated 

Population, 

1808. 


Sionebam,    .       .       . 

StOQghtOD,   . 

Taunton,   . 

Wakefleld, 

Walthax,  . 

Ware,  .... 

Watcrtown, 

Webster, 

Westboroogh,     . 

Westfleld,  no  retoro, 


6,861 
6,524 

28,167 
9,096 

22,29t 
7,643 
8,217 
8,259 
5.259 


RxpoBTiNO  Cities  and  Towns. 


West  BpriDgfield, 
Weymontb, 
WhitmaD, . 
WUliamstowD, 
Winchester, 

WOBURN,  . 
WOBCSSTER, 

Total,  . 


Estimated 

Population, 

1898. 


6,753 

11,546 

6,526 

5,286 

6,928 

14.585 

108,340 


2,216,860 
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Table  V. 

Deaths  from  Specified  Causes,  1898.     Death-rales  per  10.000  (1894-98). 

Deaths  per  1,000  from  All  Causes,  1894-98. 


Causss  of  Dsath. 


Deaths. 
1898. 


CODBQmptiOD,   . 

Mamales 

Scarlet  fever,  .       • 

Diphtheria  and  oroap,    . 

Whooplng-cOQgfa,  • 

Typhoid  fever, 

OerebrO'flpinal  meningitie, 

Bryalpelae, 

Pnerperal  fever, 

Inflnenza, 

Malarial  fever. 

Cholera  infantam,  . 

Dysentery,       • 

Diarrhoea  and  cholera  morboa 

Pneamonia,     . 

Bronchitta, 

Diseaaes  of  the  heart, 

Diaeaaee  of    the  brain   and 

spinal  cord. 
Diseaaes  of  the  kidneys. 


Cancer,     .... 

Bnieide,    ...» 

Accident,. 

Unknown  or  lU-deAned  eanses, 

All  Caubib,    . 


MOSTALITT 

PBI  10.000  or  THB 

POPOLATIOM. 

t 

• 

• 

. 

• 

9 

s 

• 

to 

* 

• 

01 

9 

01 

« 

«D 

«D 

« 

« 

m 

^ 

m 

p* 

P* 

Deaths  i>kb  1,000  fboh  ail 


4,082 

76 

118 

808 

316 

668 

471 

74 

62 

160 

67 

2,267 

208 

640 

8,344 

1,242 

8,289  ; 

2,770 

1,456 

1,400 

236 

1,232 

600 


38,147 


18.41 
0.84 
0.63 
2.741 
1.43 
2.49 
2.12 
0.33 
0.28 
0.68 
0.80 

10.18 
0.94 
2.44 

16.08 
6.60 

14.84 

12.60 
6.67 
6.82 
1.06 
6.66 


172.1 


19.01 
0.67 
1.82 
6.75 
0.72 
2.37 
2.69 
0.44 
0.27 
1.10 
0.23 
9.69 
0.79 
2.00 

17.18 
6.81 

14.81 

13.23 
6.42 
6.04 
0.98 
6.21 


20.60 
0.53 
1.06 
7.20 
1.01 
2.77 


• 
• 

■I .--    ■ 


s  «■  * 


21.19,  22.84  107.01 
0.45  0.3511  1.99 
2.08;    2.95 1    8.09 


106.00  106.75 110.4&I1S.6« 


8.13=   -2.72     2.38    1.79 

7.27;    6.50  10.84  15.01 

81.78'  37. %>  41.05*  4%.K 


1.041    1.88,    8.28!    3.9S     6.22     6.42:    9.54 


7.88,    9.21  I  16.94 


2.66 


1.64j    1.81 


0.52 
0.87 


0.55 
0.41 


0.52     1.73 


2.26     2.77 


181.0 


0.28 

13.22' 

1.48 

2.47 

17.76 

6.04 

15.35 

12.41 

6.87 

6.12 

1.06 


0.26 
10.69 

0.80 

2.08 
17.61 

6.16 
15.44 


3.20; 
1.49 

0.61 
0.53 


14.60 

12.35 

1.04 

1.86 


18  08^  14.33  13.86'  16.29 

14.31.  7.97  9.44     7.54 

2.44I  2.70'  2.86   s.eo 

!  I 

1.52  1.91  2.14     S.n 

I 


1.28,1    8.98;    6.09i    2.67     9.01!    6.» 

I  '  1 


0.28 
12.92 

0.87 

2.53 
16.21 

6.61 
14.62 


1.76 
59.14 

6.45 

14.16 

■  87.66 


1.28     1.44  1.87     1.44 

53.55   68.52  55.73  65.74 

! 

4.39     7.65  4.15    4.4S 

11.02    12.8U  10.86  U.M 


94.92   92.04  01.28   ».4I 

32.56  32.07    31.31  S2.09  S3.6S 

86.22,  81.84   79.53  80.47   74. S< 

13.31,  14.14J!  72.61    78. oV  64.81  69.37   71.W 


5.68     5.81 


3.15 


103.0 


6.96 
4.47 
1.06 


2.38 


6.48.1  88.17    35.43]  35.62  36.27  3S.9« 

6.02  '  36.70   83.35   31.73  23.29  33.11 

0.89':    6.10     5.40!    6.50  5.55    AM 

*  *  I 

6.40  !  32.30   24.80.  29.42  30.30  27.4$ 


2.02      1.31 


1.58;     1.63     1.24    1.03 


191.9 


196.6 


-     I      - 


The  population  upon  which  the  foregoing  death-rates  are  calcu- 
lated is  estimated  for  1898  by  the  usual  rule,  from  the  rate  of 
increase  in  the  foregoing  five-year  period  (1890-95). 
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The  Vital  Statistics  of  Massachusetts  for  1897, 
WITH  A  Life  Table  based  upon  the  Experience 

OF  THE  FlVE-TEAE  PERIOD  1893-97. 


The  following  brief  digest  embraces  the  vital  statistics  of  the 
State  for  the  year  1897,  to  which  has  been  appended  a  life  table, 
constructed  mainly  from  the  State  census  of  1895,  and  the  mor- 
tality of  the  years  1893,  '94,  '95,  '96  and  '97. 

Population. 

The  assumed  population  in  1897,  based  upon  the  rate  of  increase 
from  1890  to  1895,  was  2,613,023.  Assuming  the  rate  of  increase 
of  each  sex  to  have  been  the  same  as  that  of  the  five-year  period 
1890-95,  the  males  were  1,269,556  and  the  females,  1,343,467. 

The  number  of  registered  marriages  was  23,038 ;  of  births, 
73,205  ;  and  of  deaths,  47,419. 

Marriages. 

The  total  number  of  marriages  was  23,038,  and  the  marriage-rate 
was  8.82  per  1,000  of  the  living  population,  or  17.64  per  1,000 
(persons  married).  The  following  table  expresses  the  seasonal 
marriage-rate  for  1897  and  for  the  period  1876-95  :  — 

Marriages  by  Months^  Quarters  and  Half-years, 


Marriages, 
1897. 


Janaary, 

Febmary, 

March, 

April, 
May, . 

JTane, 


July, . 

Aaguat, 

September, 

October,  . 
Norember, 
December, 

Total, 
Mean. 


1,738 
1,563 
1,188 


1,882 
1,6&a 
8,082 

1,687 
1.607 
2,187 

2,671 
2,660 
1,681 


23,088 


MoNTiiLT  Ratio  bkduokd  to  a        1 

Daily  htandabd  op  100. 

Months. 

Quarters. 

Half-years. 

80.2 

) 

88.8 

\       70.4 

1 

\      06.6 

61.0 

) 

08.8 

) 

70.7 

\     113.6 

1 

163.6 

) 

78.0 

) 

82.6 

S       02.2 

1 

116.0 

) 

"^    104.2 

182.0 

) 

• 

136.8 

S     116.2 

J 

81.2 

) 

. 

_ 

_ 

100.0 

- 

- 

SO  Years. 
1876-99. 


97.0 
02.4 
64.0 

101.8 

80.6 

126.2 

82.1 

80.1 

112.0 

120.4 

147.8 

80.1 


100.0 
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Births. 

The  living  births  in  1897  were  73,205,  and  the  birth-rate  was 
28.02  per  1,000.  This  rate  was  less  than  that  of  1896,  bat  greater 
than  that  of  any  previous  year  since  1874,  except  those  of  1892  and 
1893.  The  birth-rate  of  the  twenty-year  period  1876-95  was  25.86. 
The  following  table  expresses  the  seasonal  birth-rate  for  1897  and 
for  the  period  1876-95  :  — 

Births  by  Months,  Quarters  and  Half-years  (1897  and  1876-95). 


Birtbi. 

MoHTRLT  Ratio  bkdccbd  to  ▲ 

i              ttTAKDARD  or  100  PKE   DaT 

••Vcan- 

mUHTHS. 

Month!. 

1 

Qoarter*. 

Half-yean. 

1879-M. 

1 
1 

January,  . 

Febraary, 

March, 

6,205 
6,684 
6,888 

100.8 
100.8 
102.7 

101.8 

1 

^      97.2 

J 

96.6 
98.6 
98.0 

April, 
May. .       . 
Jiuie, 

6.705 
6.665 
6,698 

94.8 
91.1 
94.6 

i      93.6 

94.9 
94.0 
98.1 

July, 

Angaat, 

September, 

6,366 
6,708 
6,288 

102.2 
107.9 
108.7 

I     104.6       -^ 

>     102.6 
(     100.6        J 

I        104.1 
106.6 
104.4 

October,    . 
November, 
December, 

6.330 
6,015 
6.208 

101.8 
99.97 
99.8 

101.8 
101.6 
10S.T 

Total,     . 

1              1 

i              t 

*              1 

k 

9                • 

78,205 

100.0 

100.0      '        100.0 

100.0 

The  order  of  intensity  was  as  follows,  beginning  with  the  month 
having  the  highest  daily  birth-rate :  August,  September,  March, 
July,  October,  January,  February,  November,  December,  April, 
June,  May.  This  corresponds  fairly  with  the  normal  means  for  the 
period  1876-95,  in  which  the  months  having  the  highest  daily  birth- 
rates were  August  and  September,  and  the  lowest  in  May,  For 
the  past  forty  years  the  last  half  of  each  year  has  usually  had  a 
higher  birth-rate  than  the  first  half,  but  the  diiference  which  existed 
at  the  early  part  of  the  period  has  gradually  been  growing  less. 

Still-births, — The  number  of  still-births  registered  was  2,652, 
of  which  number  1,636  were  males,  1,005  were  females,  and  the 
sex  of  11  was  not  stated.  The  ratio  of  males  to  females  was  as 
1,628  to  1,000.  The  total  number  of  biilhs  living  and  dead  was 
75,857. 

Sexes.  —  Of  the  total  number  of  living  births,  37,689  were  males 
and  35,489  were  females,  being  in  the  ratio  of  1,062  males  to  each 
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1,000  females.     In  this  estimate  27  births  are  excluded,  the  sex  of 
which  was  not  stated. 

The  births  for  the  period  1876-95  indicated  a  ratio  of  10.53 
males  to  1,000  females. 

Deaths. 

The  registered  deaths  in  1897  were  47,419  and  the  death-rate 
was  18.15.  This  was  lower  than  that  of  any  year  since  1879,  and, 
with  the  exception  of  1878  and  1879,  the  lowest  since  1867. 

Sex.  —  Of  the  whole  number  of  deaths,  excluding  the  still-born, 
24,004  were  males  and  23,415  were  females.  The  death-rate  of 
males  was  18.91  per  1,000  and  that  of  females  17.39  upon  the 
assumed  population  as  stated  on  page  799. 

Ages.  —  The  most  important  factor  in  the  general  death-rate  is 
the  death-rate  of  infants  under  one  year,  which  is  usually  expressed 
as  a  ratio  per  1,000  births,  since  the  census  enumeration  at  the 
early  years  of  life  is  unreliable.  The  numbers  dying  at  this  period 
are  high  both  absolutely  and  relatively,  while  those  who  die  at 
extreme  old  age  are  only  relatively  high  in  number.  For  more 
accurate  information  on  this  subject  the  life  tables  following  this 
summary  may  be  consulted. 

The  deaths  under  one  year  in  1897  were  10,751,  which  was 
equivalent  to  a  death-rate  of  146.9  per  1,000  births.  The  deaths  at 
the  next  ages  of  life  were  as  follows :  second  year,  2,257 ;  third 
year,  1,058;  fourth,  744;  fifth,  493;  and  for  the  two  five-year 
periods  5-10  and  10-15,  1,287  and  682.  For  the  death-rates  at 
these  and  later  ages  see  life  table. 

Infant  Mortality. 

In  the  twenty-eighth  annual  report  of  the  Board,  page  753,  a  table 
is  presented,  giving  the  statistics  relative  to  infant  moi^tality  in  each 
of  the  32  cities  of  the  State  for  the  ten  years  1881-90. 

In  the  following  table  the  figures  are  presented  for  the  next  seven 
years,  1891-97,  with  two  parallel  columns,  by  means  of  which  the 
rank  of  each  city  may  be  compared  for  the  two  periods. 

In  these  two  last  columns  the  infant  mortality  of  the  State  is  taken 
as  a  standard  of  comparison,  or  mean  of  the  whole  period,  the  figure 
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100  representing  the  mean.  The  results  may  be  read  as  follows : 
for  every  100  deaths  of  infants  under  one  year  old  which  occurred 
in  the  State  during  the  seven  years  1891-97,  there  were  165  in  Fall 
River,  107  in  Boston,  71  in  Beverly,  etc. 

Comparing  these  columns,  there  appears  to  have  been  a  diminished 
infantile  death-rate  in  the  latter  period  in  the  following  cities  :  Bos- 
ton, Lawrence,  Salem,  Holyoke,  Cambridge,  Chelsea,  Springfield, 
Haverhill,  Marlborough,  Pittsfield,  Worcester,  Somerville,  Brock- 
ton, Medford,  Maiden,  Waltham  and  Beverly,  and  in  the  remaining 
cities  it  was  increased. 

The  death-rate  of  the  whole  urban  group  was  also  diminished  from 

174.9  per  1,000  births  in  the  entire  period  to  164.2  in  the  later 

period.     That  of  the  rural  group,  comprising  the  remainder  of  the 

State,  remained  practically  the  same  (129.5)  in  both  periods,  while 

that  of  the  whole  State  diminished  from  160.4  per  1,000  births  to 

154.6, 

Infant  MorUdUy  of  OUies,  1891-97. 


Blrthi. 

Deaths  a-1. 

Infant 
Mortality. 

Raxk— THE  Stats  ^IM. 

CiTIKS. 

1891 -97. 

IMl-M. 

Fall  River,   . 

20,910 

5,839 

266.3 

165 

149 

Lowell, 

18,897 

4,186 

227.5 

147 

189 

Chicopee, 

4,282 

917 

214.2 

139 

110 

Lawrence,    . 

10,788 

2,168 

200.6 

130 

183 

New  Bedford, 

12,389 

2,478 

200.0 

129 

111 

Salem,  . 

6,674 

1,106 

168.2 

109 

112 

Boston, 

108,189 

17,834 

164.9 

107 

117 

Newburyport, 

2,250 

364 

161.8 

106 

96 

Taunton, 

5,031 

788 

166.6 

101 

87 

Holyoke, 

11,609 

1,817 

166.5 

101 

106 

Cambridge,  . 

17,088 

2,690 

162.0 

98 

107 

Chelsea, 

6,614 

998 

160.9 

98 

104 

Springfield, . 

10,001 

1,469 

145.9 

94 

98 

Haverhill,     . 

6,870 

836 

143.2 

92 

9S 
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Infant  MorUOUy  of  Cities,  2dP2-d  7— Concluded. 


Births. 

Deaths  0-l« 

Inftint 
MortaUty. 

Rank— THB  State  =100. 

ClTIKS. 

1801-07. 

1881-00. 

Gloucester,  . 

4,654 

655 

140.7 

91 

86 

Lynn,    . 

11,473 

1,608 

140.2 

91 

88 

Woburn, 

3,058 

425 

139.0 

90 

79 

Fitchburg,    . 

6,273 

865 

137.9 

89 

84 

Everett, 

4,057 

552 

136.0 

88 

82 

Marlborough, 

2,958 

400 

135.2 

87 

96 

Pittsfield,      . 

8,766 

505 

134.1 

87 

90 

Northampton, 

2,711 

362 

133.5 

86 

86 

Worcester,   . 

20,659 

2,738 

132.5 

86 

97 

Somerville,  . 

9366 

1,295 

131.3 

85 

96 

North  Adams, 

4,600 

600 

130.4 

84 

72 

Brockton, 

5,881 

687 

127.7 

83 

91 

Newton, 

4,847 

600 

123.8 

80 

70 

Quincy, 

4,681 

555 

118.6 

77 

77 

Melrose,* 

1,854 

217 

117.0 

76 

- 

Medford, 

2,530 

291 

115.0 

74 

81 

Maiden, 

5,667 

650 

114.7 

74 

83 

Waltham,     . 

8,786 

424 

112.0 

72 

82 

Beverly, 

1,733 

191 

110.2 

71 

74 

Urban,  . 

344,039 

56,493 

164.2 

106 

109 

Rural,    . 

132,119 

17,118 

129.6 

84 

80 

The  State,  , 

• 

476,158 

73,606 

154.6 

100 

100 

*  The  figures  for  Melrose  are  Introdaced  to  facilitate  fatnre  oomparison,  althoagh  that 
town  had  not  become  a  city  till  after  the  period  embraced  in  the  table. 


From  an  examination  of  the  statistics  of  other  towns  having  over 
5,000  inhabitants  in  each,  it  appears  that  the  town  of  Framingham 
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had  the  lowest  infantile  mortalify  (95.9)  for  the  seven  years,  while 
Rockport  had  the  highest  (203.3  per  1,000  births).  Further  ex- 
amination of  the  record  shows  that  this  high  infantile  mortality  in 
Rockport  occurred  mainly  among  infants  whose  parents  were  natives 
of  Finland,  who  were  employed  upon  the  granite  quarries  in  Rock- 
port. 

The  following  table  presents  the  infantile  mortality  of  the  towns 
having  over  5,000  inhabitants  in  each  (not  cities),  arranged  with 
those  having  the  highest  infantile  death-rates  at  the  top  of  the  list. 


Infanl  MoridlUy  of  Towns  having  more  than  BfiOO  Inhalntants  in  Each  {noi 

CUie8),lS91''97. 

[Deaths  (0-1)  per  1,000  blnhe.] 


Rockport, 

208.8 

StoughtoD, 

188.2 

Palmer,  , 

171.7 

Ware, 

171.2 

Northbridge,  . 

170.7 

BraiDtree, 

164.4 

Gardner, 

168.2 

Revere,  . 

162.1 

West  Springfield,  . 

169.5 

Southbridge,  . 

159.2 

Grafton, . 

154.4 

Hudson,  . 

148.8 

Millbury, 

147.9 

Wakefield,      . 

145.6 

Milton,    . 

145.4 

Webster, 

143.5 

Methuen, 

142.4 

Weymouth,     . 

140.4 

Marblehead,   . 

189.5 

Arlington, 

188.8 

Adams,   . 

137.7 

Winchester,    . 

185.4 

Attleborough, 

135.0 

Amesbury, 

134.2 

Leominster,    . 

184.0 

Blackstone,     . 

188.3 

Athol, 

Montage, 

Peabody, 

Spencer, 

Clinton,  . 

Concord, 

Hyde  Park, 

Dedbam, 

Orange,  . 

Watertown, 

Stonebam, 

Westfield, 

Franklin, 

Greenfield, 

Natick,    . 

Whitman, 

Andover, 

North  Attleborough, 

Plymouth, 

Rockland, 

Milford,  . 

Brookline, 

Danvers, 

We8tboroug:h, 

Middleborough, 

Framingbam, 


130.8 
129.2 
128.1 
127.9 
125.1 
124.6 
128.7 
121.5 
120.9 
118.9 
117.3 
116.9 
112.8 
112.5 
109.8 
108.0 
106.2 
105.2 
104.5 
103.5 
103.4 
101.4 
99.4 
96.9 
96.8 
95.9 


The  total  living  births  which  furnished  the   infantile  mortality 
represented  in   these  two  periods    (shown    in    the   twenty-eighth 
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annual  report  and  in  the  present  report)  were  nearly  1,000,000 
(985,445),  and  the  deaths  under  one  year  were  155,277. 

Seasons  of  the  Year.  —  The  seasonal  intensity  of  the  death-rate  is 
expressed  in  the  following  table.  The  standard  employed  for  com- 
parison is  100  deaths  per  day  throughout  the  year.  The  actual 
number  of  daily  deaths  in  1897  was  129.9. 


DecUhs  by  Months,  Quarters  and  Half-years  (1897  and  1876-9o), 


HOKTHt. 


Deaths. 


Janaary,  . 

Pebmary, 

Maroh, 

April, 
May. . .      . 
June, 

July, . 
Aaguflt,    . 
September, 

October,  . 
November, 
December, 

ToUIe, 
Ifeane, 


4,061 
8,920 
4,780 

4,067 
8,805 
8,201 

4,264 
4,660 
8,060 

8,806 
8,476 
8,486 


47,410 


1897. 

Monthly  Ratio  hsdccbd  to  a 
Standabd  or  100  Dbathb  pbr  Day. 


Months. 


100.6 
108.0 
120.2 

104.1 
04.4 
84.4 

106.6 
118.4 
101.8 

04.6 
80.1 
86.6 


100.0 


Quarters. 


Half-years. 


106.7 
04.8 

107.0 
90.1 


100.0 


1 

>     101.5 

J 


y      08.6 


100.0 


90  Years— 
1876-99. 


106.0 
100.0 
102.3 

102.1 
08.0 
88.5 

100.8 
120.0 
104.6 

03.1 
88.9 
06.6 


100.0 


By  this  table  it  appears  that  the  greatest  intensity  of  the  seasonal 
death-rate  was  in  March  and  in  August  and  the  least  was  in  May 
and  June,  in  1897,  while  the  highest  in  the  twenty-year  period 
(1876-95)  was  in  July  and  August  and  the  lowest  was  in  June  and 
November. 


Causes  of  Death. 

In  the  following  table  are  presented  the  ten  most  destructive 
causes  and  groups  of  causes  of  death  in  Massachusetts  for  the  ten- 
year  period,  1888-97,  arranged  in  the  order  of  their  intensity. 
From  this  table  it  appears  that  the  relative  intensity  of  consump- 
tion, brain  diseases,  pneumonia,  heart  diseases  and  cholera  infantum 
continued  very  much  in  the  same  order  throughout  the  period. 
The  only  change  in  the  table,  as  compared  with  that  of  1896,  is  in 
the  last  two  causes,  diphtheria  and  croup  having  taken  the  tenth 
place  in  the  list,  instead  of  the  ninth.  The  total  number  of  deaths 
from  these  causes  was  29,875,  as  compared  with  31,146  in  1896,  a 
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difference  of  1,271  in  favor  of  1897.  The  deaths  from  consump- 
tion, brain  diseases,  heart  diseases,  cholera  infantum,  cancer,  old 
age  and  diphtheria  were  less  than  those  of  1896,  while  those  from 
pneumonia,  kidney  diseases  and  bronchitis  were  more  than  those 
of  1896  from  the  same  causes. 

In  the  tables  on  pages  807-809  are  presented  the  deaths  and  death- 
rates  from  fifteen  causes  of  death  for  the  twenty  years  1878-97. 
These  include  the  principal  infectious  diseases,  together  with  cer- 
tain other  destructive  causes  and  groups  of  causes. 

The  columns  contain  the  absolute  numbers  in  each  case,  together 
with  the  death-rate  per  10,000  of  the  living  population  and  the  per- 
centage of  the  total  mortality. 

From  this  table  it  appears  that  the  death-rate  from  small-pox, 
measles,  scarlet  fever,  diphtheria,  typhoid  fever,  cholera  infEuitam, 
child-birth,  consumption,  dysentery  and  whooping-cough  in  1897 
was  less  than  the  mean  of  the  twenty-year  period  1878-97,  while 
that  of  pneumonia,  cancer,  heart  diseases,  kidney  diseases  and  brain 
diseases  was  greater  than  the  twenty-year  mean. 


Mortality  frmi  Ten  Prominent  Causes^  1888-97. 


Deatfai. 
1897. 

IU«K— lMS-97. 

C^nsBB  or  Dbatb. 

• 

S 

I 

. 

■ 

s 

• 

1 

a 

m 

s 

i 

1 

.       « 
«      1 

Consumption, 
Brain  diseases,     . 
Pneumonia,  . 
Heart  diseases,     . 
Cholera  infantum. 
Kidney  diseases,  . 
Cancer, 
Old  age. 
Bronchitis,    . 
Diphtheria  and  croup, . 

5,431 

6,276 

4,796 

8,827 

2,281  ' 

2,017 

1,739 

1,602 

1^30 

1,426 

1 
1 

2 
8 

4 
6 
6 
7 
8 
9 
\  10 

1 

2 
3 

4 
6 
6 
7 
8 
10 
9 

1 
2 
8 

4 
6 
6 
8 
9 
10 
7 

1 
2 
3 
4 
6 
7 
10 
8 
9 
6 

1 
3 
2 
4 
6 
8 
9 
6 
7 
10 

1 
1   ' 

1 

3 

4 
5 
8 
10 
6 
7 
9 

1 
2 

8 
4 
5 
8 
9 
6 
7 
10 

1 
2 
8 
4 
6 
9 
8 
7 
10 
6 

1 

1 
4 

9 

8 

i 

10 

i  « 

1 
2 

s 

4 
5 
9 
10 
6 
8 

< 

29,876 

" 

— 

- 

- 

- 

—  ■    —  •   - 
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A  Massachusetts  Life  Table  for    the  Five  Years  1893-97. 

The  usefulness  of  life  tables  is  not  confined  to  the  work  of  life 
insurance.  A  life  table  also  serves  as  an  index  of  the  sanitary  con- 
dition of  the  community  out  of  whose  data  it  is  constructed. 

Life  tables  differ  for  the  same  group  of  population  from  year  to 
year,  and  they  also  differ  when  calculated  from  the  statistics  of 
different  portions  of  a  group  of  inhabitants,  as,  for  example,  the 
city  of  Boston,  compared  with  any  of  the  outlying  districts  beyond 
its  borders. 

The  work  of  constructing  a  life  table  for  any  American  State  or 
city  is  necessarily  less  satisfactory  in  its  results  than  the  work  of 
making  a  similar  table  for  any  of  the  civilized  nations  or  com- 
munities of  Europe,  since  most  foreign  populations  are  much  more 
stationary  than  our  own. 

The  English  life  tables,  compiled  by  Dr.  Farr,  which  have  proved 
universally  useful  as  standards  of  good  work  in  this  direction,  were 
usually  calculated  from  the  living  population  at  two  successive 
census  enumerations  and  from  the  deaths  occurring  in  the  interven- 
ing period.  The  factor  of  migration,  however,  in  an  American 
State  affects  the  accuracy  of  such  a  calculation ;  hence  a  somewhat 
different  method  has  been  employed  in  constructing  the  following 
table,  and  a  shorter  period  of  five  years  has  been  selected.  Massa- 
chusetts has  an  advantage  not  enjoyed  by  many  communities  in 
having  an  intervening  State  census  five  years  after  the  national 
census,  and  this  advantage  is  especially  useful  in  any  State  whose 
population  is  far  from  stationary. 

The  materials  selected  as  the  basis  of  the  following  table  are  the 
census  of  1895,  and  the  deaths,  numbering  240,215,  which  were 
registered  in  the  State  in  the  five  years  1893,  1894, 1895,  1896  and 
1897.  The  mid-year  of  this  period  (1895)  was  the  census  j'ear, 
and  the  census  was  taken  very  near  the  middle  of  that  year  (in  the 
months  of  May  and  June).  The  mean  annual  number  of  deaths  at 
each  age  is  compared  with  the  population  maintained  at  such  age. 

The  limitations  which  affect  the  accuracy  of  a  life  table  for  Massa- 
chusetts are  the  following :  — 

1.  The  Effect  of  Migration.  —  The  natural  increase  of  the  popu- 
lation, or  that  which  results  from  the  excess  of  births  over  deatfast 
has  for  many  years  constituted  only  a  portion  of  the  total  increase 
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from  year  to  year.  The  census  enumerations  of  1890  and  1895 
showed  an  increase  of  261,240,  of  which  number  the  excess  of  births 
formed  only  36  per  cent.,  the  balance,  64  per  cent.,  being  the  differ- 
ence between  the  numbers  of  immigrants  and  emigrants ;  or,  in 
other  words,  the  effect  of  migration  exceeded  that  of  natural  in- 
crease in  the  ratio  of  nearly  2  to  1. 

Moreover,  the  increment  by  means  of  immigration  is  not  uniform 
at  the  different  age  periods,  fully  one-half  of  th&  immigrants  being 
between  fifteen  and  thirty  years  of  age,  while  the  numbers  at  the 
extremes  of  life  are  comparatively  small. 

The  following  table  presents  the  classified  material  out  of  which 
the  life  table  is  constructed :  — 

Population  of  McasachuseUs^  1895^  and  Deaths^  1893-97, 


AOB  PUUODS. 


POPULATIOH,  1899. 


ToUL 


Males. 


Femalet. 


0-6, 

6-10, 

10-16,  . 
16-90,       . 

ao-85,     . 

36-36,  . 
86-46,  . 
46-66,       . 

66-66,  . 
66-76.  . 
76-S5,  . 
•6«M,  . 
Over  06,  . 
AgennknowD, 
Total,       . 


2S6,647« 

224,110 

202,000 

226,881 

265,083 

466,048 

341.636 

246,686 

167,661 

00,088 

86,406 

6,123 

806 

8,014 


2,600.183 


118,463* 

112,206 

101,674 

110,666 

128,602 

227.630 

168,007 

118,417 

72,766 

41,040 

16,460 

2,180 

77 

1,664 


1,214,701 


117,104* 

111,828 

101,826 

116,816 

142,201 

288,818 

172,588 

127,160 

84,886 

40,048 

10,046 

8,048 

231 

1,460 


1.286.482 


DBATH8,  1S9S-97. 


ToUl. 


Males. 


Females. 


78,770 

6,780 

8,460 

6,806 

0,082 

90,148 

18,882 

10,877 

22,884 

26,661 

20,647 

7,106 

660 

406 


240,216 


42,710 
8,846 
1,666 
2,800 
4,800 

10.108 
0,610 
0.806 

11,278 

12,604 

0,676 

3,718 

162 

878 


122,006 


86,060 

8,886 

1,806 

8,406 

5,083 

10,046 

0.222 

0,483 

11,056 

12,867 

10,873 

4,803 

407 

118 


118,900 


*  The  popolatlon  figures  In  this  line  (0-6)  were  not  need  Id  the  eonstmetlon  of  the  life  table,  bnt 
the  fignree  employed  were  estimated  from  the  registered  births  mod  the  deaths  ander  6  years  of  age. 

2.  Defects  of  the  Census.  —  Mr.  Henry  Gannett,  in  a  paper 
contributed  to  the  *<  Publications  of  the  American  Statistical  Asso- 
ciation'* (Vol.  IV.,  p.  99),  estimates  a  **  shortage  in  the  census  of 
1890  of  negro  children  of  about  a  quarter  of  a  million,'*  and  of  the 
native  white  children  **  about  the  same."  If  this  be  correct,  the 
entire  shortage  or  deficiency  in  the  total  population,  including  that 
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among  foreign  whites,  most  leave  at  least  a  million  unaocoanted  for 
in  the  United  States. 

A  careful  examination  of  the  last  two  census  enumerations  of 
Massachusetts  (those  of  1890  and  1895)  shows  that  Mr.  Gannett*8 
estimate  is  probably  none  too  large.* 

It  is  possible  to  supply  the  actual  deficiency  for  the  first  four  or 
five  years  of  life,  with  some  degree  of  accuracy,  from  the  registered 
births ;  but  beyond  this  period  of  life  it  is  hardly  practicable  to  make 
estimates  which  are  of  greater  value  than  mere  conjectures. 

3.  The  Practice  of  incorrectly  reporting  the  Ages  of  the  Living 
and  the  Dead,  — This  error  is  of  two  kinds :  (a)  It  invariably  hap- 
pens that  greater  numbers  of  persons  are  reported  at  the  even  ages, 
20,  30,  40,  etc.  (both  of  the  living  and  the  dead),  than  at  19,  21, 
29,  31,  etc.,  in  consequence  of  the  common  habit  of  using  round 
numbers  instead  of  giving  the  more  accurate  ages.  This  is  in  a 
measure  eliminated  by  employing  the  periods  used  in  England,  25- 
35,  35-45,  etc.,  instead  of  20-30,  30-40.  (6)  The  habit,  especially 
noted  among  unmarried  females,  of  understating  the  ages  of  the 
living.  This  appears  to  a  greater  or  less  degree  to  be  a  common 
practice  in  all  countries  where  census  enumerations  are  made. 

4.  Defects  in  Birth  and  Death  Registration.  — These  defects,  so 
£&r  as  Massachusetts  is  concerned,  are  probably  insignificant,  and  in 
this  respect  the  material  collected  by  the  registration  officers  oi 
cities  and  towns  compares  favorably  in  its  accuracy  with  that  of 
foreign  nations  and  communities  having  established  systems  of  regis^ 
tration.  Great  pains  are  taken  in  most  of  the  municipalities  to 
obtain  accurate  and  full  returns,  since  a  pro  rata  fee  is  allowed  to 
the  local  officers  for  them;  moreover,  the  certifiers  of  births  and 
deaths  (physicians,  midwives  and  undertakers)  are  compelled,  under 
penalty,  to  comply  with  the  statutes  requiring  such  returns. 

There  is  also  a  comparatively  small  number  of  persons  included 
in  the  census  whose  sex  and  ages  are  unknown,  and  the  same  may 
be  said  of  the  registered  deaths,  the  latter  being  probably  mostly 
deaths  of  prematurely  born  infants,  and  a  small  number  of  bodies 
of  unknown  persons  found  dead. 

Certain  comments  and  explanatory  statements  are  necessary  in 
relation  to  the  construction  of  the  following  tables. 

*  Mr.  B.  B.  Elliott  Alao  aflsames  an  approximate  shortage  for  the  firgt  fire  yean  o(  1th 
of  100,000  in  the  United  States  census  of  1870.    Volume  on  Vital  Statiatica,  page  WL 
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The  figures  for  the  first  five  years  of  life  have  been  compiled  from 
the  births 9  and  from,  the  deaths  which  occurred  among  children  under 
five  years  of  age.  The  census  figures  for  these  five  years  were  dis- 
regarded, for  the  reasons  already  stated  in  former  reports,  and  in 
accordance  with  the  common  usage  in  other  countries.* 

Dr.  Farr  says,  in  regard  to  this  subject:  *'  We  can  scarcely  feel 
surprised  to  find,  in  the  various  censuses  of  Europe,  errors  in  the 
statements  of  age,  traceable  to  ambiguities  of  language.  In  the 
early  years  of  life  these  mistakes  demand  attention,  otherwise  they 
may  lead  us  into  such  grave  mistakes  as  we  have  to  notice."  These 
well-known  defects  may  be  corrected  without  serious  difiScuIty  for 
the  first  years  of  life. 

An  exact  and  accurate  life  table  of  any  population  or  community 
can  be  made  only  by  taking  a  definite  number  of  persons,  say 
100,000  or  1,000,000  at  birth,  and  following  their  life  history, 
noting  the  age  of  each  person  at  death,  until  the  entire  number 
has  ceased  to  live.  Such  a  process  is  impossible,  especially  in  an 
American  community,  subject,  as  it  is,  to  the  variable  effect  of 
migration. 

In  view  of  this  manifest  impossibility,  it  is  therefore  necessary  to 
construct  an  approximate  table  from  such  data  as  are  accessible, 
bearing  in  mind  the  limitations,  to  which  reference  has  been  made, 
and  making  such  corrections  of  errors  as  are  customary  in  the  con- 
struction of  similar  life  tables  for  other  communities.  Starting  with 
a  hypothetical  1,000,000  or  100,000  births,  this  generation  of  per- 
sons of  both  sexes  may  be  followed,  with  a  reasonable  degree  of 
accuracy,  to  the  extinction  of  the  last  survivor,  at  the  age  of  one 
hundred  or  more,  by  the  application  of  the  rules  which  it  is  custom- 
ary to  employ.  In  the  case  of  Massachusetts  we  have  selected  the 
number  100,000  as  the  basis  of  the  table,  since  this  is  the  largest 
round  number  near  the  exact  number  of  annual  births  in  the  State. 
The  sexes  at  the  time  of  birth  are  unequally  distributed,  the  males 
being  in  the  ratio  of  51.350  and  the  females  48.650  out  of  each 
100,000  born  during  the  period  selected  for  the  construction  of  the 
table.  These  numbers  are  therefore  taken  as  the  numbers  at  birth 
of  the  two  sexes,  out  of  the  hypothetical  100,000  born. 

In  order  to  eliminate  the  effects  of  epidemic  years  or  of  abnormal 
conditions  existing  in  the  census  year  1895,  the  mean  annual  deaths 

*  Twenty-sixth  Annual  Report  Massachasetts  Board  of  Health,  page  liv ;  alto  Dr.  Parr's 
Vital  Statistical  Memorial  Yolume,  page  207. 
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of  the  five  years  1893-97  are  employed  to  obtain  the  death-rates  at 
each  year  of  life.  In  the  English  life  tables  it  has  been  castomary 
to  estimate  the  population  at  the  middle  of  a  given  year  for  life-table 
purposes,  the  census  being  taken  on  the  first  of  April.  The  State 
census  of  Massachusetts  being  taken  at  a  time  quite  near  the  middle 
of  the  year,  no  allowance  has  been  made  for  the  few  days  elapsing 
between  the  time  of  such  taking  and  the  mid-year,  since  such  allow- 
ance would  at  most  only  affect  the  second  place  of  decimals  in  a 
death-rate  expressed  as  a  ratio  per  1,000  living  of  a  given  age. 
Moreover,  the  population  enumerated  in  May,  near  the  middle  of  a 
five-year  period,  differs  much  less  from  the  actual  mean  than  that 
which  is  taken  near  the  middle  of  a  ten-year  period,  as  compared 
with  a  mean  of  the  two  extremes  of  such  period. 

Dr.  Billings  says,  in  his  introductory  remarks  in  the  twelfth 
volume  of  the  tenth  census,  1880  (page  cxliii)  :  <*The  preparation 
for  any  given  locality,  race  or  occupation^  in  this  country^  of  a  life 
table  which  shall  accurately  represent  the  tendency  to  death  or  the 
probability  of  survival  at  each  age,  is  practically  impossible,  because 
of  the  want  of  accuracy  in  the  necessary  data,  and  because  of  the 
irregular  migrations  of  the  population.  It  should  be  clearly  under- 
stood that  all  tables  of  vital  statistics,  including  data  derived  from 
large  numbers  of  people,  even  when  these  are  obtained  by  the  most 
accurate  census  possible,  and  by  the  most  complete  system  of  regis- 
tration which  can  be  enforced,  give  probabilities  only,  and  that 
scientific  accuracy  in  this  field  is  practically  unattainable."  The 
foregoing  remarks  apply  with  less  force  to  Massachusetts  than  to 
the  United  States  as  a  whole,  since  our  own  State  has  had  a  system 
of  registration  in  existence  since  1842,  the  results  of  which  may 
now  be  considered  as  fairly  accurate.  Dr.  Billings  therefore  pub- 
lishes an  approximate  life  table  in  the  volume  referred  to  for  Massa- 
chusetts and  for  certain  other  communities,  from  such  data  as  were 
obtainable  for  the  census  year  1880. 

In  the  life  table  on  pages  822-826  pains  have  been  taken  to 
make  it  as  accurate  as  possible  from  the  data  at  hand.  The  compiler 
is  entirely  responsible  for  whatever  errors  or  inaccuracies  it  mar 
contain. 

One  hundred  thousand  infants,  followed  throughout  their  first 
year  during  the  period  named,  in  Massachusetts,  yield  90,250  years 
of  life.  To  obtain  this  mean  of  the  infants  living  throughout  the 
first  year,  the  following  method  was  employed  :  — 


No.  34.] 


VITAL  STATISTICS. 


815 


All  of  the  deaths  of  infants  under  one  month  old  which  occurred 
in  the  years  1893-97  were  tabulated  from  the  mortality  returns  in 
the  office  of  the  Secretary  of  State ,  also  those  of  infants  who  died 
in  the  second  and  the  third  months  of  life  separately,  then  those  of 
infants  who  died  in  the  three  succeeding  months  of  life  (3-6)  in 
one  group,  and  then  those  who  died  in  the  succeeding  six  months 
in  another  group.  From  these  data,  and  from  the  births  registered 
in  the  five  years  ending  with  June  30,  1897,  the  figures  for  the  first 
year  of  life  were  calculated  after  the  method  shown  by  Dr.  Farr  in 
his  life  table  No.  3,  page  xxiii. 

The  foregoing  mean,  90,250  (the  arithmetical  mean  of  the  series 

hy  h\29  ^%a  •  '  '  0»  ^^  ^®®^  ^®  ^^^  ^^^^  term  of  column  P  (see  tables 
1  and  2).  All  of  the  succeeding  terms  in  the  column  for  the  years 
1,  2,  3,  4,  etc.,  are  the  means  of  the  terms  in  the  preceding  col- 
umn /,,  using  the  formula  P^  =  ^       ^+^ 

The  total  number  of  persons  living  under  five  years  of  age  in  the 
State  in  1895,  as  stated  by  the  census,  was  235,647  ;  but  the  number 
as  calculated  from  the  living  births  in  these  years  was  294,604,  or 
58,957  more  than  the  figures  of  the  census  would  indicate.  No 
allowance  is  made  in  this  estimate  for  migration,  which  would 
slightly  increase  the  difibrence.  The  effect  of  migration  at  this 
period  of  life,  however,  is  much  less  than  at  later  ages,  especially 
from  fifteen  to  thirty  years. 

PopulcUion  under  5  Years. 


State  Cxvsus  of 

isoa. 

C«IcoUted  from  the 

BlrthB  and  Deaths 

under  9. 

Difference. 

Males,  . 
Females, 

•  *        •        • 

*  •        •        • 

118,463 
117.194 

149,582 
145,022 

81,129 
27,828 

285,647 

294,604 

58,957 

Descinption  of  the  Tables. 

In  tables  1  and  2,  column  a:,  ages,  presents  the  ages  for  each  sex 
from  birth  up  to  100  years. 

Column  dgg  presents  the  numbers  of  those  dying  in  each  age  of  life 
for  each  sex. 
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Column  l^  presents  the  survivors  of  each  sex,  out  of  100,000  of 
both  sexes,  at  each  age  of  life,  beginning  with  51,350  males  and 
48,650  females  at  birth. 

Column  JPg.  presents  the  population  maintained  by  the  numbers  in 
column  Ig. 

Column  Q^  shows  the  aggregate  number  of  years  which  the  per- 
sons at  each  age  in  the  table  will  live,  until  their  extinction  by  death. 

Column  jE'^  (  =^)  is  the  mean  future  life  time  of  the  persons 

living  at  each  age  in  the  table,  the  expectation  of  life. 

Column  THj.  (Table  3),  the  mortality  column,  presents  the  mor- 
tality per  unit  of  the  population  at  each  age  of  life,  the  figures  being 
obtained  by  dividing  the  deaths  in  each  age  by  the  population  at 
such  ages,  the  proper  corrections  and  interpolations  having  been 
applied.     From  this  column  {m^)  the  probability  of  living  at  each 

year  of  age  (p^)  (Table  3)  is  obtained  by  the  formula  p^  =         ^ 

applied  to  each  year  of  the  series. 

Column  Zg.  is  obtained  by  the  formula  l^.  XjPx  =  ?aB^.i,  ^^^  column 

P^  is  obtained  by  the  formula  ''"^^+^* 

What  may  be  learned  from  these  Tables. 

It  appears  that,  out  of  100,000  children  born  alive  in  Massachu- 
setts in  1895,  16,000,  or  nearly  one-sixth,  die  before  arriving  at  the 
age  of  one  year ;  78,963,  or  nearly  four-fifths,  attain  the  age  of  three 
years  ;  77,051  survive  the  age  of  five  years,  or  77  per  cent. ;  50,126, 
or  a  little  more  than  one-half,  attain  the  age  of  fifty-three  years ; 
25,406,  or  a  little  more  than  one-fourth,  live  to  the  age  of  seventy- 
two  years. 

These  figures  present  very  decided  differences  as  compared  with 
those  which  were  published  for  1855  by  Mr.  E.  B.  Elliott  (sixteenth 
Massachusetts  Registration  Report,  1857).  In  those  reports  it  was 
shown  that  the  numbers  dying  before  the  close  of  the  first  year  out 
of  100,000  born  were  15,510,  or  very  nearly  the  same  as  those  for 
the  year  1895  for  the  same  age.  At  the  end  of  three  years  the  sur- 
vivors were  only  74  per  cent.,  instead  of  79  per  cent.,  as  in  1895, 
and  that  one-half  had  died  before  the  close  of  the  forty-first  vear, 
instead  of  surviving  to  the  fifty-third,  as  in.  1895. 

In  consequence  of  the  fact  that  the  numbers  of  each  sex  are  un- 
equal at  birth,  the  males  continue  in  greater  numbers  until  the  fiftv- 


No.  34.]  VITAL   STATISTICS.  817 

third  year,  when  the  greater  death-rate  of  the  males  has  reduced 
their  number  below  that  of  the  females,  and  the  females  continue  in 
excess  throughout  the  remainder  of  life.  Observing  the  table  more 
closely,  it  appears  that  the  comparative  intensity  of  the  death-rate 
of  the  sexes  varies  at  different  points  in  the  table.  For  the  first  five 
years  the  death-rate  of  males  exceeds  that  of  females.  From  age 
five  to  age  nineteen  inclusive  the  rate  of  females  exceeds  that  of 
males,  and  from  age  twenty  to  the  end  of  life  the  death-rate  of 
females  is  less  than  that  of  males. 

In  Table  3  are  presented  two  columns  in  which  are  shown  the 
probability  of  living  one  year  from  each  age  and  the  mortality  per 
unit  of  the  population  at  each  year.  At  birth  the  probability  of 
living  a  year  is  for  males  .82569  and  for  females  .84939,  that  of  boys 
at  birth  being  about  the  same  as  for  men  of  eighty- six,  and  that  of 
girls  about  the  same  as  that  of  women  at  eighty-six  or  eighty-seven. 
The  probability  of  living  a  year  is  at  its  highest  point  for  boys 
at  age  twelve  (.99722),  and  for  girls  it  is  about  the  same  forage 
eleven  as  at  age  twelve  (.99695  and  .99693). 

A  comparison  of  the  death-rates  of  Massachusetts  at  different 
periods  presents  certain  points  worthy  of  notice. 

The  death-rate  of  children  under  five  and  especially  of  those  under 
one  year  of  age  has  not  undergone  very  marked  changes  (see  table)  ; 
but  that  of  all  ages  from  five  to  forty  has  very  perceptibly  dimin- 
ished, while  that  of  ages  above  forty  has  increased.     This  result  has 
been  produced  by  the  great  reduction  in  the  number  of  deaths  from 
infectious  diseases,  including  consumption,  which  occur  in  the  early 
period  of  life,  from  two  years  up  to  thirty.     By  this  means  a  much 
larger  ratio  of  the  population  than  formerly  survives  to  live  through- 
out the  useful  and  wage-earning  period  of  life.     This  causes  a  ma- 
terial increase  in  the  number  of  years  lived  at  the  later  ages  of  life. 
These  persons  being  spared  from  the  diseases  incident  to  childhood, 
the  relative  mortality  from  the  diseases  of  adult  life  and  of  old  age 
is  naturally  increased. 

This  decided  increase  in  the  number  of  survivors  throughout  the 
useful  ages  of  life  has  a  marked  effect  upon  the  vitality  of  the  popu- 
lation.    It  is  undoubtedly  due  in  no  small  degree  to  the  increased 
attention  which  has  everywhere  been  given  in  the  past  twenty- five 
years  to  public  hygiene. 

The  population  of  almost  any  one  of  the  United  States  differs 
essentially  from  the  more  stationary  populations  of  the  old  world  in 
the  f5BM5t  that  it  is  constantly  being  recruited  by  the  addition  of  con- 
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siderable  numbers  of  immigrants  at  the  healthy  ages  of  life.  These 
additions  constitute  a  selected  class,  not  only  on  account  of  their  age 
distribution  (50  per  cent,  are  between  the  ages  of  fifteen  and  thirty), 
but  also  because  many  of  the  weaklings  must  be  left  behind,  in  con- 
sequence not  only  of  their  inability  to  become  wage-earners  but  on 
account  of  the  exclusive  action  of  the  immigration  laws.* 

One  consequence  of  this  is  the  comparatively  large  number  of 
persons  at  the  later  ages  of  life,  an  effect  which  has  been  produced 
by  the  long  continuance  of  immigration. 


Data  fob  Construction  op  Diagram  of  Survtvobs. 
Table  showing  Survivors  at  Different  Ages  of  Life  out  of  lOjOOO  borru 


Sweden— 4 
lMl-00. 


England  and 

Wales— t 

1S81-00. 


Ifaseaeba- 
•etts— 

189S-97. 


aettsH 
109S. 


^Mda-1 


0, 
1* 
2, 
«. 
4, 
10. 

16. 
W. 
25. 
80, 
86. 
40, 
46, 
50. 
55, 
60, 
05, 
70, 
75, 
80. 
86. 
W, 
05, 
100, 


10,000 
8,805 
8,586 
8,890 
8,258 
7,882 
7,718 
7,561 
7,888 
7,100 
6,876 
6,628 
6,840 
6,048 
6,687 
6,280 
4,658 
8,900 
2,048 
1.872 
894 
275 


10,000 
8.586 
8,067 
7,878 
7,758 
7,495 
7,428 
7,281 
7,090 
6,844 
6,650 
6,216 
5.839 
5,406 
4,801 
4,276 
8.584 
2,684 
1,786 
970 
888 
100 
14 


.9 


10.000 
8,400 
8,054 
7,896 
7,786 
7,487 
7,866 
7,167 
6,906 
6.615 
6,308 
5,988 
5,651 
5,276 
4,821 
4.272 
8,622 
2,869 
2,042 
1.266 
654 
269 
67 
9 


10.000 
8,449 
7.738 
7,424 
7,258 
6,873 
6,726 
6,487 
6,100 
5.748 
5,406 
6,078 
4,748 
4.409 
4,022 
8,607 
8,065 
2,476 
1,888 
1,060 
4S7 
118 
90.6 
2.2 


16,000 
8,068 
7,060 
6,488 

Mn 

6.74T 
5,882 
6,418 
6,164 
4.W 


4,3T8 
4,068 
8,765 
8,881 
2,914 


1«606 


466 
146 


*  *<  If  00  ezamlnatioD  there  ehall  be  found  among  euch  paaaengera  any  eonvlet,  lanatie.  Idiot  or 
person  nnable  to  take  care  of  himself  or  herself,  without  becoming  a  pnbUo  eluurfe.  .  .  .  tnA 
•hall  not  be  permitted  to  land.'*    (Bztraet  from  Immigration  act  of  Aug.  3, 1882,  seetlon  2.) 

t  For  convenience  of  comparison  with  lir.  BUIott's  Uble  of  1865,  the  flguree  of  thla  table  are 
to  a  scale  of  10,000,  while  the  diagram  is  made  upon  a  scale  of  100,000. 

t  Flfty.fifth  Report  of  Registrar  General.    Supplement,  vol.  1,  page  zIt.    Vol.  10,  part  1,  pa|»  75 

§  Sixteenth  Registration  Report,  Massachusetts,  1867. 

II  Bulletin  de  rinatitot  international  de  sUtistlqne. 

NoTS. — In  consequence  of  corrections  made  after  the  oonstmetlon  of  the  diagram  on  pAge  S19«  ^ 
line  for  Masaachusetts  surviTom,  1898-97,  should  be  placed  one  to  two  milHoMtera  low«r»  affcaraf*  U. 
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90000 


80000 


70000 


60000 


I 


V 


^ 


soooo 


40000- 


soooor- 


20000  - 
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The  preceding  table  and  diagram  present;  the  numbers  of  survivors 
at  each  of  several  age  periods  in  Sweden,  England,  Spain  and  Massa- 
chusetts ( in  the  latter  for  the  year  1855  and  for  the  period  of  1893-97 ) . 
Sweden  is  selected  as  a  country  having  a  very  low  death-rate,  and 
also  because  it  is  occasionally  selected  as  a  standard  of  a  healthy 
population.  Spain,  on  the  contrary,  has  a  high  death-rate,  chiefly 
due  to  excessive  mortality  in  the  early  years  of  life. 

In  consequence  of  the  close  contiguity  of  the  lines  in  the  first  five 
years  of  life,  the  figures  for  the  first  five  years  are  given  upon 
a  separate  diagram,  in  which  the  divisions  representing  the  age 
periods  are  increased  ten-fold. 

A  brief  review  of  the  life  tables  of  Massachusetts  shows  that  quite 
marked  changes  have  taken  place  from  year  to  year  in  the  life  hiij- 
tory  of  the  population. 

The  earliest  life  table  in  existence  pertaining  to  the  population  of 
Massachusetts  is  th^at  of  Edward  Wigglesworth,  D.D.,  of  Harvard 
University,  made  from  records  of  bills  of  mortality  collected  prior  to 
1789.*  The  total  number  of  deaths  employed  in  the  construction 
of  this  table  was  4,893. 

Its  defects  consisted  mainly  in  the  limited  numbers  used  for  cona- 
putation,  in  the  crude  method  of  recording  the  ages  of  the  popula- 
tion by  the  first  census  (in  five  periods  only,  all  under  10,  10-lB, 
16-26,  26-45,  and  all  over  45),  and  in  the  fact  that  the  table  was 
framed  on  the  assumption  of  a  stationary  population.  This  table  was 
for  many  years  an  authority  in  the  courts  of  the  Commonwealth. 

In  1855  a  table  for  Massachusetts  was  published  in  the  Sixteenth 
Registration  Report  (1857)  by  the  eminent  statistician,  Mr.  E.  B. 
Elliott.  This  table  is  calculated  from  16,086  deaths,  which  occurred 
in  166  towns  of  Massachusetts  in  the  year  1855. f 

In  the  tenth  census  of  the  United  States,  Vol.  12,  part  2,  pp.  773- 
791,  Dr.  Billings  publishes  approximate  life  tables  for  the  population 
of  Massachusetts  and  other  States,  and  for  certain  cities.  Those  of 
Massachusetts  are  for  the  white  population  of  the  State,  and  for  the 
census  year  1880,  comprising  31,341  deaths,  and  also  for  the  whole 
population  of  the  State  for  the  five  years  ended  June  30,  1882,  and 
comprising  171,639  deaths. 

*  Pabllshed  in  the  second  volame  of  the  *<  TransacdoDB  of  the  American  AcsdemT,**  179S. 

t  The  calcalation  was  limited  to  the  returns  of  these  166  towns,  since  the  system  of 
tion  then  in  practice  in  the  State  was  not  believed  to  be  **  sufficiently  complete  to  fnralsb 
for  a  life  table  for  the  whole  State."    These  166  towns  constituted  two-thirds  of  the 

he  State  in  1865  (Sixteenth  Registration  Report,  Massachusetts,  page  199). 
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The  statement  of  Dr.  Josiah  Curtis  in  the  Sixteenth  Registration 
Report  of  Massachusetts  (1857)*  as  to  the  value  of  life  tables  is 
worth}'  of  note.     He  says  :  **  There  are  weightier  reasons  for  desir- 
ing correct  information  concerning  the  comparative  mortality  of  our 
communities.     The  governing  powers  and  enlightened  statesmen  are 
enabled  better  to  discharge  their  high  and  responsible  duties  to  the 
people  by  a  correct  knowledge  of  the  physical  powers,  possessions 
and  resources  of  the  inhabitants.   .   .  .  The  Christian  philanthropist 
and  sanitarian  will  be  enabled  to  give  some  definiteness  and  eflBciency 
to  their  labors,  by  a  correct  knowledge  of  where,  and  to  what  pur- 
pose, the  laws  Vhich  prevail  over  life  and  death  teach  them  to  direct 
their  laudable  eflforts.     The  question  here  forcibly  arises.  Have  the 
records  of  registration  in   Massachusetts,   or   in  any  considerable 
portion  thereof,  ever  been  sufficiently  complete  to  enable  any  one 
to  determine  with  reliable  accuracy  what  law  or  laws  do  prevail 
over  the  mortality  of  the  inhabitants  of  the  State,  or  such  portions 
of  it?     We  consider  this  question,  and  its  answer,  taken  in  their 
broader  sense  and  application,  as  the  most  important  practical  con- 
sideration connected  with  our  system  of  registration,  and  it  affords 
extreme  gratification  to  be  able  to  give  an  affirmative  answer  to  the 
question.     Aside  from  its  intrinsic  value,  it  is  creditable  to  the  State 
of  Massachusetts,  because  it  is  the  first  instance  where  such  data  have 
been  thus  furnished  and  thus  used  in  any  considerable  community  on 
this  continent.     The  great  practical  results  in  the  variety  of  their 
applications  of  such  laborious  deductions  wnll  furnish,  not  only  im- 
mediately, but  for  years  to  come,  the  government  and  intelligent 
statesmen  as  well  as  others,  with  the  means  of  determining  many 
social  and  political  questions  of  high  practical  value  hitherto  un- 
determinable." 

•  Page  197. 
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MASSACHUSETTS  LIFE  TABLE. 

Based  on  the  Mortality  of  the  Five  Yeabs,  1893-97, 

Table  No.  I,— Males, 


AOB. 


Dying  In 

Each  Year 

of  Age. 


d. 


J; 
i' 

t; 

10, 

11 

12 
13 

H, 

15, 
16 
17 
18 
19, 

to, 

«1 

« 

Ml 

25, 
26, 

29, 

30, 
81, 
32, 
33 
84, 

85, 
86 
87, 
88 
89, 

40, 

♦1i 
42, 
48, 
44, 

46, 
46, 
47 
48 
49. 


1J04 
818 
650 
424 

SIO 
262 
206 
170 
140 

123 
110 
104 
111 
186 

160 
181 
106 
211 
226 

241 
265 

268 
280 
280 

206 
801 
806 
800 
818 

816 
818 
810 
810 
820 

822 
826 
828 
831 
884 

887 
841 
846 
862 
860 

868 
870 
808 
410 
420 


Bom  and 

Snrvlvlng  at 

Each  Age. 


I 


X. 


61.360 
42,501 
40.707 
80.880 
80.880 

88,006 
88.600 
88,838 
88.133 
87.063 

87.817 
37.604 
87,684 
37,480 
37,360 

87.234 
87,076 
86,804 
86,600 
36,488 

36,262 
86.021 
86.766 
36,408 
36.218 

84,020 
34.633 
34,382 
84,027 
33,718 

33,406 
83,080 
32,771 
82,462 
32,133 

31,813 
81,401 
31,166 
80.838 
30,607 

80,173 
20.836 
20,406 
20,140 
28,707 

28,438 
28,070 
27,601 
27,208 
26.888 


Population 

or  Yeare  of  Life 

lived  in  Bach 

Year  of  Age. 


Years  of  Life 
Lived  in  and 

above  Each 
Year  of  Age. 


46.848 
41,604 
40.208 
80,600 
30,118 

38,748 
88,464 
88,236 
38,048 
37,800 

87,766 
87,630 
87,682 
87,424 
37,801 

37,164 
86,084 
36,706 
86,603 
86,376 

86,141 
86,803 
86,632 
36,868 
36,078 

34,781 
84,482 
34,170 
83,872 
83,661 

83,247 
82,030 
82.611 
82,202 
31,078 

31,662 
81,328 
31,002 
80,672 
80,340 

30,004 
20.666 
20.322 
28,073 
28,617 

28.264 
27.880 
27,404 
27,003 
26,678 


Q.. 


Bxpe^atioi 

ofUftat 

Each  Year  of 

Age. 


2,264,048 
2,2n,706 
2,176.101 
2,136,809 
2,006,104 

2,067.076 
2,018,828 
1,070,864 
1.041,620 
1.008,681 

1,866,001 
1,827.036 
1,700.207 
1.762.766 
1,716,341 

1,678,040 
1,640,886 
1,608,002 
1.667,106 
],630,&18 

1,404,138 
1,467,007 
1,422,104 
1,886,472 
1,861,114 

1.816,041 
1,281.260 
1,246,778 
1,212,600 
1,178,727 

1,146,166 
1,111,010 
1,078,980 
1.046,378 
1,014,086 

082,113 
050,461 
010.133 
888,131 
867,450 

827,110 
707,11ft 
767,460 
738,128 
700,166 

680,638 
662.284 
624,404 
606,010 
660,81? 


K. 


44.00 
62.18 
63.46 
68.64 
68.90 

68.88 

62.30 
61.64 

60.02 
60.14 

40.88 
48.40 
47.68 

46.76 
45.90 

46.0? 
44.28 
43.47 
42.70 
41.01 

41.90 
40.48 
SO.TO 

ao.ot 


87.68 
8T.0O 
S6.S2 
S6.64 
84.06 

t4.S8 
33.00 


3S.S4 
81.66 

80.87 
S0.18 


Si.ll 

27.41 
26.72 
20.02 
25.32 
».6S 


S.24 


SI  .87 
Sl.U 
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MASSACHUSETTS  LIFE  TABLE. 

Based  on  the  Mortalitt  of  the  Five  Years,  1893-97. 
Table  No.  1.  —  Males — Concluded. 


AOB. 

X. 


Dying  In 

Each  Year 

of  Age. 


d 


X. 


Bom  and 

Stirviylng  at 

Each  Age. 


I 


X. 


Popnlatloa 

or  Years  of  Life 

lived  in  Each 

Year  of  Age. 


X. 


Years  of  Lift 

Lived  in  and 

above  Each 

Year  of  Age. 


<?x. 


Expectation 

of  Life  at!  I 
Each  Year  of 
Age. 


E. 


X. 


50, 
51 
52 
58 

Wf 

56 

57 

59, 

61 
6S 

»; 

65, 

86 

67 
68 
89, 

70, 
71 

72, 

78 

74; 

75, 

76 

T7, 

76 

79; 

80, 
61, 
88, 
88 

8»; 

85, 
66 
67 
68, 

89; 

80, 
81 
8t 
88 

8*; 

86. 
86 
87 
86, 

88; 

100, 


448 
466 
488 
602 
620 

680 
661 
686 
608 
686 

660 
6n 
601 
700 
720 

748 
760 
780 
810 
827 

840 
846 
847 
842 
831 

816 
704 
760 
741 
707 

672 
682 
600 
646 
400 

462 
402 
863 
907 
263 

220 
181 
146 
116 
88 

66 
48 
88 
28 
16 


26,460 
26,011 
26,646 
26.062 
24.660 

24,040 
23,601 
22,040 
22,866 
21,747 

21,111 
20,462 
10,776 
10,084 
18,376 

17.646 
16,808 
16.120 
16,340 
14,680 

13,708 
12,863 
12,018 
11,171 
10,320 

0,408 
8,682 
7,888 
7,110 
6,878 

6,671 
4,000 
4,867 
3,777 
8,281 

2,788 
2,280 
1,878 
1,626 
1,218 

066 
786 
664 
408 
202 

204 

188 

00 

67 

84 

10 


26,236 
,26,778 
26,303 
24,811 
24,800 

28,770 
23,220 
82,647 
22,061 
21,420 

20,781 
20,118 
10,420 
18,720 
18,010 

■ 

17,272 
16,618 
16.784 
14,036 
14,116 

13,288 
12,440 
11,604 
10,760 
0,018 

0,000 
8,286 
7,503 
6,748 
6,024 

6,386 
4,683 
4,072 
8,604 
2,081 

2,606 
2,070 
1,701 
1,371 
1,086 

845 
644 

481 
860 
248 


14 


648,144 
616,000 
401,131 
466,828 
441,017 

416,717 
802,047 
800,727 
847,080 
826,020 

808,600 
882,810 
262,706 
243,277 
224,648 

206,638 
180,266 
172,763 
167,010 
143,084 

137.068 

114,686 

102,246 

00,661 

70,001 

60,088 
60,808 
62,613 
46,110 
88,862 

82,338 
27,008 
22,820 
18,248 
14.744 

11,768 
0,267 
7,178 
6,477 
4,106 

3,020 
2,176 
1,681 
1,060 
700 


171 

462 

114 

881 

78 

167 

46 

04 

26 

40 

28 


20.63 
10.87 
10.23 
18.60 
17.06 

17.83 
16.72 
16.18 
16.63 
14.06 

14.88 
13.88 
13.28 
12.76 
12.22 

11.70 
11.20 
10.71 
10.24 
0.78 

0.34 
8.02 
8.61 
8.11 
7.74 

7.37 
7.01 
6.67 
6.34 
6.01 

6.70 
6.40 
6.11 
4.83 
4.56 

4.31 
4.06 
3.82 
3.60 
8.87 

8.16 
8.06 
8.76 
2.67 
8.40 

8.22 
2.04 
1.86 
1.66 
1.44 

1.21 
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MASSACHUSETTS  LIFE  TABLE. 

Based  on  the  MoRTALixr  of  the  Five  Years,  1893-97. 

Table  No.  2.  —  Females, 


Aqb. 


X. 


Dying  In 

Each  Year 

of  Age. 


d. 


\ 

10, 

n> 

18 
H, 

15. 
16, 

18, 
19, 

M, 

21i 
W 
23, 

W, 

25, 
26, 
2T 
28, 
29', 

80, 

31 
82, 
83 
84, 

85, 
86 
87 
88, 
89, 

40, 
41 
42, 
43, 
44, 

46, 
46 
47, 
48, 
46, 


7,151 

1,662 

768 

544 

385 

818 
250 
206 
170 
147 

129 
113 
113 
123 
146 

172 
195 
206 
218 
230 

241 
251 
255 
261 
265 

260 
274 
278 
282 
286 

290 
204 
297 
301 
802 

306 
808 

sia 

815 
818 

820 
824 
326 
329 
832 

886 
846 
854 
367 
879 


Born  and 

Sarvlving  at 

Each  Age. 


I 


X. 


48,650 
41,499 
89,837 
39,074 
38,530 

38.145 
87,827 
37,577 
87,371 
37,201 

37,054 
36.925 
36,S12 
36,699 
36,576 

36,430 
36,258 
86.063 
35,857 
35,639 

85,409 
35,168 
34,917 
84,662 
34,401 

84,136 
88,867 
33,593 
33,315 
33,038 

82,747 
32,457 
82,163 
81,866 
81,565 

81,263 
80,957 
30,649 
80,337 
80,022 

29,704 
29,384 
29,060 
28,784 
28,405 

28,078 
27,788 
27,892 
27,038 
26,671 


Population 

or  Y(^ar8  of  Lttfe 

lived  in  Each 

Year  of  Age. 


X. 


Years  of  Ufe 

Lived  In  and 

above  Each 

Year  of  Age. 


Q. 


48.907 
40,668 
89,455 
38,802 
88,887 

37,986 
87,702 
87,474 
87,286 
37,127 

36,990 
86,868 
36,755 
36,637 
36,503 

86,344 
36,160 
35,960 
35,748 
35,524 

35,288 
35,042 
34.790 
34,531 
34,268 

84,001 
33,730 
33,454 
38,174 
82,890 

32.602 
32.810 
32,014 
31,716 
31,414 

81.110 
30.808 
30,493 
30,180 
29,863 

29,544 
29,222 
28.897 
28,570 
28,230 

27.906 
27,565 
27,216 
26,854 
26,481 


2,267,460 
2,228.562 
2,182,894 
2,143,439 
2,104,687 

2,066.800 
2.028.314 
1,990,612 
1,953,138 
1,915,852 

1,878,725 
1.841,735 
1,804.867 
1,768,112 
1,731,476 

1,694,972 
1,668,628 
1,622.468 
1,586,508 
1,550,760 

1,515,238 
1,479,948 
1,444.006 
1,410,116 
1,375,586 

1.841,817 
1,307.316 
1.273.586 
1,240.132 
1,206,968 

1,174,068 
1,141,466 
1,109.156 
1.077,142 
1,045,427 

1,014.013 
982,903 
952.100 
921.107 
891,427 

861,664 
882,020 
802.79S 
778,901 
745,831 

7I7,0W 
680.187 
061,622 
634,407 
607,553 


Expectatloa 

or  Ufe  at 

Baeb  Tev  of 

Age. 


E 


X. 


46.61 
53.68 
64.70 
&4.83 
U.a 

54.17 
53.62 
52.97 
52.26 
51.50 

5O.T0 
49.88 
40.08 
48.18 
47.84 

46.58 
45.74 
44.99 
44.24 
43.51 

42.79 
42.06 
41.38 
40.68 
89.99 

89.29 
38.60 
37.91 
S7.2S 
36.54 

8&.S5 

35.17 
S4.48 

SS.» 
33.12 

32.43 

31.75 
31.06 
30.39 
29.60 

29.00 
2S.S1 
27.62 
28.93 
26.24 

25.61 
24.85 
24.U 
23.41 
22.TS 
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MASSACHUSETTS  LIFE  TABLE. 

Based  on  the  Mortality  of  the  Five  Years,  1893-97. 
Table  No.  2,  — Females — Concluded. 


Aqb. 
X. 


50, 
51, 
52, 
53, 
64, 

55, 

56 

5T 

66, 

59, 

60, 

61, 

8«, 
63 

6*. 
65, 

67, 
66, 
88, 

n 

73, 
W, 

75, 
76, 
77, 
78, 
79, 

80, 

S; 

65, 
86, 
87. 
88, 
88, 

90, 

91, 

92 

93, 

84| 

95t 
96, 
97, 
98, 
99, 

100, 


Dying  In 

Each  Year 

of  Age. 

Born  and 

Surviving  at 

Each  Age. 

Population 

Years  of  Life 

Expectation 

or  Years  of  Life 
lived  m  Each 
Year  of  Age. 

Lived  In  and 

above  Each 

Year  of  Age. 

of  Life  at 

Each  Year  of 

Age. 

rfx. 

L. 

P. 

<?x. 

K. 

395 

26.292 

26,004 

681.072 

22.10 

410 

26,897 

26,692 

664,078 

21.43 

423 

25,487 

26.276 

629,286 

20.77 

437 

26,064 

24,846 

604,011 

20.11 

457 

24,627 

24,398 

479,166 

10.46 

476 

24,170 

23,932 

454,768 

18.81 

494 

23,694 

23,447 

430.836 

18.18 

512 

23,200 

22,944 

407,389 

17.56 

530 

22,688 

22,423 

884,446 

16.06 

650 

22,168 

21,883 

362,022 

16.34 

572 

21,608 

21,822 

340,180 

15.74 

688 

21,036 

20,742 

318.817 

15.16 

006 

20,448 

20,145 

298,075 

14.68 

625 

19,842 

19.530 

277,930 

14.01 

644 

19,217 

18,895 

268,400 

13.46 

665 

18,573 

18,240 

289.606 

12.00 

689 

17,908 

17,563 

221,265 

12.36 

716 

17,219 

16,861 

203,702 

11.88 

748 

16,604 

16.182 

186,841 

11.32 

771 

16,761 

16,376 

170,709 

10.83 

793 

14,990 

14,693 

156,3.34 

10.36 

800 

14,197 

13,792 

140,741 

0.01 

821 

13,388 

12,977 

126,949 

0.48 

826 

12,587 

12.154 

118,972 

0.07 

824 

11,742 

11,330 

101,818 

8.67 

818 

10,918 

10,509 

90,488 

8.20 

806 

10,100 

9,697 

79,979 

7.02 
7.66 

700 

9.294 

8,899 

70,282 

768 

8,504 

8,120 

61,383 

7.22 

742 

7,736 

7,366 

63,263 

6.80 

Til 

6,094 

6,638 

46,898 

6.66 

678 

6,283 

6,944 

39.260 

6.26 

640 

6.606 

6,286 

33,316 

6.04 

600 

4,966 

4.665 

28,031 

6.66 

660 

4,366 

4,086 

23,366 

6.36 

618 

3,806 

3.647 

10,281 

6.07 

476 

8.288 

3,050 

16,734 

4.70 

434 

2,812 

2.595 

12,684 

4.61 

393 

2.878 

2,181 

10.089 

4.33 

861 

1,086 

1,810 

7,908 

3.08 

810 

1,684 

1,479 

6.008 

8.78 

270 

1.324 

1,180 

4.610 

3.40 

282 

1.054 

038 

3.430 

3.26 

194 

822 

726 

2,402 

8.08 

160 

628 

548 

1,767 

2,81 

120 

468 

403 

1,210 

2.60 

100 

830 

280 

816 

2.41 

77 

230 

200 

527 

2.20 

66 

162 

134 

827 

2.02 

40 

107 

87 

108 

1.80 

2T 

67 

63 

106 

1,68 

826 
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MASSACHUSETTS  LIFE  TABLE. 
Based  on  the  Mortality  op  the  Five  Yeabs,  1893-97. 

Table  No.  3. 


»»,. 

P 

x. 

Aob. 

m 

X, 

Pr. 

AOB. 

AmiUAL  MOBTALITT 

Pbobabilitt  op 

Abkual  Hobtautt 

na  UNIT  AT  Each 

LiviNO  OvB  Ybab 

pbb  uiriT  AT  Each 

LiTiaro  On  Tbab 

Ybab  or  AOK. 

PBOM  Each  Aob. 

X* 

Ybab  op  Aob. 

PBOH  Each  Asb. 

K. 

Male*. 

Femalet. 

Males. 

Females. 

Hales. 

Females. 

Mates,  j 

Females. 

0,   .   . 

.10006 

.18287 

.82560 

.84030 

,  50,  .   . 

.01708 

.01614  ' 

.06807 

•06408 

1'    •    • 

.04813 

.04087 

.  .05778 

.05005 

,  91   .   . 

.01808 

.01606 

.08206 

!o6417 

!'    •    • 

.02030 

.01083 

.07000 

.08085 

!  52   .   . 

.01900 

.01674 

.08100 

.96310 

8,   .   . 

.01411 

.01403 

.08500 

.08607 

158   .   . 

.02028 

.01760 

.07907  . 

.06tt6 

4,   .   . 

.01084 

.01004 

.08022 

.00001 

,54;  .   . 

.02140 

.01878 

.07888 

.061M 

5,   .   . 

.00816 

.00885 

1  .00188 

.00168 

55,  .   . 

.02268 

.01080 

1  .07768 

.08061 

1'   '   " 

.00656 

.00663 

!  .00847 

.00889 

50   .   . 

.02416 

.02107 

.07618 

.97016 

I'   •   • 

.00686 

.00550 

.09464 

.99452 

57   .   . 

.02583 

.02281 

.07460 

J'   •   • 

.00447 

.00466 

'  .99556 

.99646 

58   .   . 

.02767 

.02864 

.07280 

!9T664 

9,   .   . 

.00386 

.00306 

.99616 

.99606 

59;  .   . 

.02068 

.02618 

.97075 

.07518 

10,   .   . 

.00326 

.00349 

1  .99675 

.99652 

60,  .   . 

.08171 

.02668 

.06878 

.07358 

11,   . 

.00202 

.00306 

.90700 

.99695 

81   .   . 

.08866 

.02886  ' 

nunan 

.97206 

12, 

.00277 

.00807 

.99722 

.99698 

,62   -   . 

.03667 

.08008 

.06505 

.07087 

!'    •    • 

.00297 

.00886 

.99708 

.99665 

68   .   . 

.08786 

.08200 

.06286  ' 

.06860 

14,   .   . 

.00362 

.00400 

.99640 

.99601 

84;  .   . 

.04048 

.08408 

•06032  : 

.06618 

15,   .   . 

.00428 

.00473  , 

.99573 

.99528 

65,  .   . 

.04381 

.08646 

.05761 

.96410 

18,   .   . 

.00480 

.00580 

.99611 

.99464 

66   .   . 

.04657 

.08023 

.0&449 

.96158 

U'    •    • 

.00530 

.00578 

.99471 

.99429 

67   .   . 

.06015 

.04241  , 

.05107 

.96848 

2'   '  • 

.00577 

.00610 

,  .99426 

.99392 

88   .   . 

.05424 

.04606 

-  .04719 

.06406 

19,   .   . 

.00621 

.00647 

,  .99381 

.99856 

69;  .    . 

.06860 

.06015 

.94307 

.06108 

SO,   .   . 

.00667 

.00688 

.90885 

.99320 

'  70,  .   . 

.06824 

.06484 

.08869 

.M710 

21,   . 

.00710 

.00716 

.99292 

.99286 

71   .   . 

.06703 

.06866 

>  .03490 

.049U1 

22, 

.00752 

.00733 

.99251 

.99268 

72   .   . 

.07806 

.06327 

'  .02951 

.0SM7 

g»   •   • 

.00792 

.00756 

.09212 

.99249 

78   .   . 

.07838 

.06788  ' 

,  .0246^ 

.93485 

24,   .   . 

.00824 

.00778 

.00170 

.00280 

74;  .   . 

.08888 

.07278 

1 

.01954 

.02088 

25,   .   . 

.00851 

.00701 

.90153 

.00212 

75,  .   . 

.06077 

.07784 

.01400 

.03506 

26,   . 

.00878 

.00812 

.00181 

.00102 

I  78,  .   . 

.00584 

.06812 

.0OS64 

.03D36 

27, 

.00892 

.00881 

.00112 

.00170 

77   .   . 

.10249 

.06877  , 

.00251 

.91500 

2'    •    • 

.00012 

.00860 

1  .00002 

.00154 

78   .   . 

.10081 

.00468  ! 

.89501 

.00900 

29,   .   . 

.00033 

.00870 

.00072 

.00184 

79;  .   . 

.11786 

.10075  I 

'  .89915 

•904Q6 

80,   .   . 

.00060 

.00800 

.00054 

.00114 

80,  .   . 

.12506 

.10711  ! 

.88150 

.8M34 

81,   . 

.00066 

.00010 

.00030 

.00004 

81   .   . 

.18406 

.11406  ; 

.87857 

.snoo 

82,   . 

.00078 

.00028 

.09026 

.99077 

82   .   . 

.14480 

.12110 

.86490 

.8^(561 

88,   .   . 

.00088 

.00949 

.99017 

.99055 

183   .   . 

.16689 

.12802 

.85&44 

.87915 

84,   .   . 

.01001 

.00961 

.99004 

.99043 

!84;  .   . 

.16780 

.13684 

.84554 

.8n«s 

85,   .   . 

.01017 

.00084 

.98988 

.99021 

85.  .   . 

.18087 

.14604 

1 

.83455  . 

.sono 

86,   . 

.01037 

.01000 

.98968 

.99005 

86   .   . 

.10836 

.15607 

.82369 

.86521 

87, 

.01058 

.01028 

.98948 

.98982  . 

87   .   . 

.20762 

.16724 

.81190 

.845«7 

!!»    •    • 

.01070 

.01044 

.98927 

.98962 

88   .   . 

.22302 

.18010  ' 

.79663 

.83470 

89,   .   . 

.01101 

.01063 

.98905 

.98942 

so;  .   . 

.24217 

.10802  ; 

.78800 

.88399 

40,   .   . 

Mm' 

.01188 

.01083 

.98881 

.98928 

1  90,  .   . 

.26086 

.20060  '. 

.76068 

.$10!8 

41,   . 

.01150 

.01100 

.98857 

.98897 

91   .   . 

.28106 

.22708  ' 

.76867 

.Toan 

42, 

.01180 

.01128 

.98827 

.98878 

92   .   . 

.80863 

.24733 

.78617 

.770M 

S'    •    • 

.01216 

.01162 

.98792 

.98855 

98   .   . 

.SS14S 

.98750 

.71560 

.7eM 

44,   .   . 

.01256 

.01176 

.98753 

.98831 

.94;  .   . 

•86484 

.20107 

.60668 

.746SS 

46,   .   . 

.01802 

.01200 

.08706 

.98802 

95,  .   . 

.88606 

.89010 

.67647 

.79466 

46,      • 

.01850 

.01265 

'  .08650 

.98758 

96   .   . 

.42106 

.84802 

.66218 

.7M6S 

47, 

.01490 

.01801 

,  .08581 

.08708 

97   .   . 

•46806 

.88500 

.63128 

.onu 

48, 

.01518 

.01867 

'  .08408 

.0864.S 

98  .   . 

.61111 

.41046 

BiMCM 

.65*44 

.01608 

.01481  ; 

1  .08404 

.08670 

;99;  .   . 

•67603 

.46077 

.66294 

.69617 

1 
1 

)oo,  .  . 

.64280 

.fl0»48 

.51861 

li 
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The  following  table  presents  the  mean  annual  death-rates  at  each 
of  thirteen  periods  or  groups  of  years,  beginning  with  birth,  for  the 
five  years  (1893-97) .  To  these  are  added  as  a  matter  of  convenience 
the  death-rates  at  certain  other  groups  (1-4,  0-9,  etc.). 


Table  No.  4. 
Mean  Annual  Death-rates  at  Certain  Periods  of  Life, 


PBB80N8. 

MALB8. 

Fbmalbs. 

AOB  PB1I0D8. 

PBBaOKS. 

HALB8. 

Fbkalbb. 

AOB  PbHXODB. 

Death-nte 
at  Each 
Period. 

Death-rate 
at  Each 
Period. 

Death-rate 
at  Each 
Period. 

Death-rate 
at  Each 
Period. 

Death-rate 
at  Each 
Period. 

Death-rate 
at  Each 
Period. 

0-1,      .        . 

66.28 

60.12 

62.22 

45-54,    .        .        . 

16.78 

16.67 

14.88 

5-0,      . 

6.76 

5.60 

6.82 

65-64,    . 

28.18 

80.42 

26.00 

10-14.      . 

8.25 

8.11 

8.40 

66-74.    .        .        . 

65.84 

50.67 

61.87 

lfr-10.      . 

5.48 

5.20 

5.68 

75-84,    .       .       . 

107.22 

116.20 

00.88 

ao-S4,    . 

7.40 

7.48 

7.88 

85-04,    . 

100.71 

228.60 

184.81 

25-84,      . 

0.06 

0.88 

a.  78 

05+       .        .        . 

884.48 

420.20 

867.07 

85-44, 

10.07 

11.10 

10.74 

i 

AdditioncU  Groups  or  Periods. 


1-4,      . 

21.86 

22.88 

21.88 

1-10,    .        .        . 

8.il 

8.62 

8.60 

0-0,      ..       . 

81.08 

83.07 

20.88 

20-60,    .        .        . 

12.24 

12.78 

11.74 

1-0,      .        .        . 

18.10 

13.81 

12.80 

60  and  over. 

66.20 

60.60 

63.42 

0-14,      .        .        . 

22.78 

24.00 

21.86 

1 
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HEALTH  OF  TOWNS. 


The  following  abstract  contains  extracts  from  such  annual  reports 
of  the  boards  of  health  of  the  cities  and  towns  as  have  been  received 
at  the  office  of  the  State  Board  of  Health. 

A  comparison  of  these  reports  from  year  to  year  shows  marked 
improvement  in  sanitary  administration,  especially  in  the  most  im- 
portant part  of  public  health  work,  —  the  management  and  control 
of  infectious  diseases.  As  a  general  rule  municipal  boards  of  health 
are  at  present  much  better  equipped  with  the  means  of  preventing 
the  spread  of  infectious  diseases  than  they  were  five  years  ago.  The 
cardinal  principle  of  isolation  is  taking  a  firmer  root,  and  several 
cities  have  erected  hospitals  for  the  isolation  of  persons  suffering 
with  diphtheria  and  scarlet  fever,  while  some  of  the  large  cities  pre- 
fer to  wait  until  a  severe  epidemic  drives  them  to  adopt  a  course 
which  should  have  been  adopted  long  ago  for  the  protection  of  the 
community. 

It  is  quite  probable  that  the  time  is  soon  coming  when  every  city 
and  town  having  over  10,000  inhabitants  will  find  it  necessary  to 
have  an  isolation  hospital  as  an  essential  part  of  its  sanitary  equip- 
ment. 

Other  matters  of  importance  which  appear  prominently  in  the 
annual  reports  of  local  boards  are  the  inspection  of  milk,  animals 
and  provisions,  the  disposal  of  garbage  and  ashes,  the  continued  and 
increasing  use  of  antitoxin,  the  adoption  of  the  current  methods  of 
diagnosis  in  diphtheria,  tuberculosis  and  other  diseases,  as  well  as 
of  improved  modes  of  disinfection. 

The  system  of  medical  inspection  of  schools  which  has  been  in- 
augurated in  Boston,  and  is  there  giving  general  satisfaction,  has 
also  excited  a  lively  interest  in  other  cities  in  the  direction  of  simi- 
lar work. 

Apahs. 

The  Board  examined  the  school  children  and  found  that  there  were 
1,000  children  who  had  not  been  vaccinated. 
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Amesburt. 

The  health  of  the  commanity  has  been  exceedingly  good,  so  much  bo 
that  the  oldest  resident  physicians  do  not  remember  an  equally  healthy 
year.  There  have  been  no  epidemics,  but  a  very  few  contagious  diseases, 
and  no  case  of  scarlet  fever  or  diphtheria  since  July  2.  Whooping-coagb 
has  been  quite  prevalent  during  the  autumn  and  early  winter. 

Arlington. 

Diphtheria  has  been  more  prevalent  than  in  1897,  the  number  of  cases 
having  been  18,  with  only  1  death.  Of  these  18  cases  7  were  under  one 
roof,  all  having  been  exposed  before  medical  attendance  was  sought. 
Antitoxin  was  used  in  each  case  of  diphtheria,  and  to  that  remedy  is 
ascribed  the  very  low  death-rate. 

During  the  year  there  have  been  21  cases  of  typhoid  fever.  Several  of 
these  patients  evidently  brought  the  disease  to  their  homes,  having  con- 
tracted it  elsewhere.  From  1  of  these  cases  it  is  probable  that  3  other 
cases  of  the  above-mentioned  18  originated  through  the  unsanitary  condi- 
tion of  the  house  in  which  all  lived. 

Barbe. 

With  a  view  to  prevent  the  spreading  of  what  are  deemed  by  many  to 
be  minor  contagious  or  infectious  diseases,  but  which  medical  authorities 
unite  in  considering  dangerous,  the  board  decided  it  advisable  to  avail 
itself  of  the  authority  conveyed  in  chapter  80,  section  18,  of  the  Pnblic 
Statutes,  and  added  the  following  to  the  rules  and  regulations  promul- 
gated by  previous  boards:  — 

No  child  affected  with  whooping-cough,  mumps  or  German  measles  shall  attend 
any  public  or  private  school  in  this  town. 

No  pupil  who,  by  reason  of  the  foregoing  rule,  has  been  debarred  from  school 
attendance,  shall  be  readmitted  to  any  public  or  private  school  without  a  written 
permit  from  the  board  of  health. 

(Boston.*) 

Brockton. 

The  death-rate  for  the  year  is  12.28  per  1,000  inhabitants,  the  lowest 
rate  since  the  records  have  been  kept  in  this  office. 

The  following  table  shows  the  death-rate  for  the  past  ten  years :  — 


1889, 

.      13.63 

1894, 

.      14.17 

1890, 

.      17.12 

1896, 

.      14.65 

1891, 

.      16.73 

1896, 

.      18.11 

1892, 

.       13.05 

1897, 

.      18.19 

1893. 

.       16.30 

1898, 

.      If.^ 

*  The  report  of  the  Board  of  Health  wm  not  reoeWed  at  the  date  of  pabUahlng  tide  report. 
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The  board  woald  respectfully  recommend  school  inspection.  The  im- 
portance and  value  of  this  method  of  inspection  in  preventing  the  spread 
of  contagious  disease  of  all  kinds  has  been  demonstrated  so  satisfactorily 
by  the  experience  of  other  cities  that  we  feel  it  to  be  our  duty  to  recom- 
mend that  it  be  instituted  here. 

Brookline. 

Neither  scarlet  fever  nor  diphtheria  has  been  epidemic  the  past  year, 
and  it  was  therefore  not  found  necessary  to  make  daily  medical  inspections 
of  the  schools. 

The  unusually  large  number  of  deaths  from  whooping-cough,  11,  shows 
it  is  not  always  the  trivial  ^  ailment  some  persons  seem  to  consider  it. 
Much  more  might  be  done  toward  preventing  its  spread  if  all  parents  of 
school  children  and  all  teachers  would  conscientiously  comply  with  the 
order  of  the  board  forbidding  school  attendance  by  children  having  whoop- 
ing-cough. 

The  bacteriological  test  for  making  an  early  and  accurate  diagnosis  in 
typhoid,  the  so-called  Widal  reaction,  was  made  use  of  in  many  cases  by 
the  physicians  of  the  town,  and  with  most  valuable  results.  Not  the  least 
advantage  from  this  test  is  the  detection  of  light  or  ^^  walking"  cases  of 
typhoid  fever,  the  class  of  cases  most  dangerous  to  the  public  health,  because 
able  to  go  about  more  or  less,  sometimes  spreading  the  disease  by  engaging 
in  the  milk  business. 

The  free  bacteriological  examinations  provided  by  the  board  for  the  early 
diagnosis  of  diphtheria  and  consumption  have  been  even  more  extensively 
availed  of  than  in  the  previous  year,  and  with  great  benefit  to  both  patients 
and  their  families.  The  board  took  the  necessary  steps,  and  on  Feb.  1, 
1899,  had  its  laboratory  in  operation. 

To  facilitate  the  making  of  these  tests  by  physicians,  diphtheria  cult- 
ure outfits  and  sputum  bottles  will  be  constantly  kept  on  hand  at  the  drug 
stores. 

Early  in  the  summer  the  board  authorized  the  preparation  by  its  agent 
of  a  circular  of  general  rules  for  the  management  of  infants  during  the  hot 
season,  and  the  distribution  of  several  hundred  copies  of  it  by  the  police  in 
such  parts  of  the  town  as  it  was  believed  would  benefit  most  by  them. 

Intermittent  fever  (malaria)  seems  to  have  been  considerably  less  preva- 
lent than  in  the  previous  few  years,  and  it  is  believed  this  may  be  attribu- 
ted, in  part,  to  the  draining  of  certain  districts. 

The  appreciation  of  the  value  as  a  health  measure  of  frequent  bathing 
continues  to  be  shown  by  the  experience  at  our  public  bath-house,  where 
over  46,000  baths  were  taken  the  past  year,  a  good  increase  over  the  at- 
tendance of  the  previous  year. 
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Cambridge. 

The  diBeases  discoyered  in  the  schools,  and  the  cases  of  each  disease,  are 
given  below :  — 


Chicken-pox,        «...  41 

Diphtheria, S 

Measles, 2 

Mumps, 16 

Pediculosis, 42 

Scabies, 1 

Scarlet  fever,       ....  4 


Whooping-cough, 
Diseases  of  ear,  . 
Diseases  of  eye,  . 
Diseases  of  skin. 
All  other  diseases. 


8 

4 

27 

32 

45 


Total, 225 


During  the  year  560  cultures  were  examined.     The  results  were  positive 
in  157  instances  and  negative  in  403  instances.     The  cultures  were  exam- 
ined for  the  purpose  of  diagnosis  in  345  instances,  and  for  the  purpose  of 
'  determining  whether  or  not  the  proper  time  had  come  for  releasing  the 
patient  in  215  instances. 

Pursuant  to  section  3  of  ^^  An  Ordinance  regulating  the  Sale  and  De- 
livery of  Ice,''  we  have  caused  an  investigation  of  various  bodies  of  water 
within  the  State  to  be  made,  and  have  caused  analyses  to  be  made  of  the 
ice  derived  from  said  bodies  of  water.*  We  have  also  caused  analyses  of 
the  water  from  the  same  sources  to  be  made.  The  factor  of  prime  im- 
portance in  determining  the  wholesomeness  of  water  or  ice,  and  their 
fitness  for  consumption,  is  an  investigation  of  the  sources  of  supply  from 
which  the  water  or  ice  is  obtained,  and  the  liability  of  the  source  to  pollu- 
tion, especially  such  pollution  as  is  caused  by  the  excretions  of  human 
beings.  In  comparison  with  such  an  investigation,  chemical  analyses  of 
the  water  or  ice  are  of  secondary  importance. 

The  reported  cases  of  scarlet  fever  show  a  decrease  of  109  from  those 
reported  in  1897. 

The  reported  cases  of  diphtheria  show  a  decrease  of  169  from  those 
reported  in  1897. 

The  reported  cases  of  typhoid  fever  show  a  decrease  of  9  from  those 
reported  in  1897. 

The  reported  cases  of  measles  show  a  decrease  of  357  from  those  reported 
in  1897. 

Canton. 

*  During  the  past  year  more  than  ever  before  has  the  necessity  for  some 
adequate  system  of  drainage  in  the  central  part  of  the  village  been  apparent 
to  the  board  of  health.  The  matter  of  a  sewerage  system  in  this  thicklj 
settled  portion  of  the  town  is  one  which  cannot  much  longer  be  deferred, 
nor  can  its  importance  be  overestimated. 


*  This  investigation  was  oondacted  for  the  purpose  of  ascertaining  the  quatttj  of  the  is 
ftamished  from  diflbrent  sources  to  the  city  of  Cambridge. 
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Chicopeb. 

The  past  year  has  been  one  in  which  a  great  amonnt  of  work  has  been 
accomplished  towards  improving  the  sanitary  condition  of  the  city.  The 
almost  completing  of  the  sewer  connections  with  residences  and  other 
buildings  is  that  in  which  the  city  shoald  rejoice. 

The  city  voted  to  have  the  garbage  collected  this  year.  The  first  year's 
trial  has  demonstrated  to  us  that  it  is  the  only  way  to  thoroughly  get  rid  of 
this  menace  to  public  health. 

Concord. 

We  have  adopted  the  formaldehyde  gas  as  a  system  of  fumigation,  and 
find  after  three  years'  trial  that  it  works  much  better  than  the  sulphur 
system,  and  gives  far  less  annoyance  and  trouble  to  the  householder. 

We  are  sorry  to  note  that  malaria  has  obtained  a  foothold  in  the  town, 
undoubtedly  owing  to  the  digging  up  of  the  streets  and  to  the  unusually 
wet  season  of  the  past  year. 

Dedham. 

During  the  past  year  the  complaints  in  regard  to  overflowing  cesspools 
have  been  more  numerous  than  ever,  and  great  difficulty  has  been  experi- 
enced in  some  cases  in  providing  some  method  of  disposal.  The  season  has 
been  unusually  wet  and  many  of  the  cesspools  have  been  overflowed  by 
ground  water.  At  best,  a  cesspool  is  an  unsanitary  afi'air  and  the  board 
will  welcome  some  relief  from  this  condition.  The  board  has  for  a  number  of 
years  called  attention  to  this  serious  condition  of  affairs  and  repeatedly 
pointed  out  the  need  of  sewers.  They  feel  it  their  duty  to  again  bring  this 
matter  to  the  attention  of  the  town  and  to  urge  that  some  action  be  taken 
in  this  respect. 

Dracut. 

The  report  of  the  Dracut  board  of  health  contains  an  account  of  an 
epidemic  of  scarlet  fever  which  appears  to  have  had  its  origin  at  a  dairy 
farm  in  Dracut  and  was  followed  by  many  cases  in  Dracut  and  Lowell. 

The  epidemic  appears  to  have  been  promptly  suppressed  by  the  conjoint 
action  of  the  boards  of  health  of  Lowell  and  Dracut. 

DUXBURY. 

The  sanitary  condition  of  the  town  has  been  very  much  improved  and  we 
have  been  assisted  by  the  citizens  with  one  or  two  exceptions  in  our  efforts 
to  carry  out  the  requirements  of  the  regulations  issued  in  1897.  Removal 
of  garbage  has  been  attended  with  some  expense,  but  has  been  more  nearly 
self-supporting  than  during  the  year  previous,  and  we  think  if  no  one  is 
allowed  to  remove  garbage  except  persons  authorized  to  do  so  under  in- 
struction of  the  board  of  health,  it  would  abate  many  nuisances  and  would 
be  of  no  expense  to  the  tax-payers. 
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Ctebett. 

Municipal  cleanlineBS  Bhonld  rank  as  one  of  the  foremoet  features  of 
municipal  government.  The  influence  that  clean  and  neatly  kept  streets, 
public  parks,  school  buildings  and  grounds  exert  upon  the  individual  citizen- 
ship of  a  city  or  town  is  a  strong  educating  force  for  clean  homes  and  more 
neatly  kept  premises.  This  condition  tends  not  alone  to  a  greater  degree  of 
health,  but  to  the  greater  prosperity  and  happiness  of  the  inhabitants. 

Connections  with  sewers  during  the  past  year  have  been  insisted  upon 
whenever  a  cesspool  has  once  overflowed  and  a  sewer  found  available,  we 
having  in  several  cases  instituted  legal  proceedings  to  enforce  our  order, 
and  in  each  instance  the  owner  has  complied  with  the  judgment  of  the 
court.  The  total  number  of  sewer  connections  ordered  made  during  the 
year  was  55. 

The  following  gives  the  death-rate  for  the  last  six  years,  that  of  1898 
being  the  lowest  ever  reached  in  the  city :  — 


Death-rate. 

Deatfa-iata. 

l0«70,                •              •              •              •              • 

1894,         

XovO,            •           •          .          •          • 

15.50 

16.47 
14.86 

1896 i     15.46 

1897, 16.50 

1898, 14.44 

In  nearly  all  the  cases  of  diphtheria,  the  diagnosis  has  either  been  made 
or  verified  by  means  of  the  culture,  and  no  case  has  been  released  until  we 
have  first  obtained  one  negative  culture.  In  some  instances  this  enforces  a 
quarantine  of  six  or  eight  weeks,  which  seems  somewhat  of  a  hardship 
upon  the  family,  but  if  we  are  to  do  our  duty  in  protecting  the  public 
health,  with  the  present  knowledge  of  the  contagion,  we  can  see  no  way  of 
avoiding  such  hardship. 


Fall  River. 

It  is  a  matter  of  congratulation  that  in  the  abatement  or  correction  of  the 
numerous  nuisances  or  unsanitary  conditions  with  which  the  board  has  to 
deal  during  the  year,  the  number  of  second  notices  requiring  to  be  issued 
were  comparatively  few.  Only  in  a  solitary  case  was  it  found  necessair 
to  resort  to  prosecution  to  enforce  the  law,  and  this  case  was  disposed  of 
by  the  defendants  paying  the  costs  and  complying  with  the  original  order 
of  the  board. 

The  number  of  cases  of  typhoid  fever  reported  for  the  year  was  G3  and 
deaths  21,  as  against  154  cases  and  82  deaths  reported  in  1897,  but  of  this 
number  we  are  aware  of  the  fact  that  at  least  4  cases  from  which  1  deatli 
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resulted  were  brought  back  to  the  city  from  the  United  States  army,  so 
that  the  actual  number  of  cases  properly  chargeable  to  the  city  would  be 
59,  and  20  deaths. 

The  Widal  test,  to  enable  physicians  to  confirm  their  diagnosis  in  doubt- 
ful cases  of  typhoid  fever,  which  has  been  provided  by  the  board  since  the 
autumn  of  1897,  has  been  very  generally  availed  of,  19  cultures  having 
been  taken  and  submitted  for  microscopic  examination  to  our  bacteriologist. 
From  records  kept  by  the  department  it  appears  that  28  of  the  cases  of 
diphtheria  were  treated  with  antitoxic  serum  while  27  were  not,  and  it  is 
worthy  of  note  that  while  3  of  the  fatalities  occurred  amongst  the  latter, 
but  1  death  occurred  amongst  those  treated  with  antitoxin,  and  in  this  case 
the  treatment  was  not  commenced  for  twenty-four  hours  after  the  appear- 
ance of  the  disease.  We  think  this  record  speaks  volumes  in  favor  of 
the  efScacy  of  antitoxin  in  the  treatment  of  diphtheria  patients. 

The  extent  of  the  board's  official  action  in  regard  to  tuberculosis  or  con- 
sumption consists  in  the  enforcement  of  a  regulation  adopted  the  year 
previous  prohibiting  spitting  on  floors  of  halls,  public  buildings,  street  cars 
or  other  public  conveyances,  the  disinfection  of  rooms  or  tenements  which 
had  been  occupied  by  persons  suffering  from  the  disease,  and  the  distribu- 
tion of  culture  bottles,  furnished  by  the  State  Board  of  Health,  to  physi- 
cians who  desire  to  have  a  bacteriological  test  made  upon  any  case  of 
consumption  coming  within  their  notice  in  which  there  exists  any  room  for  a 
doubt.  Such  examinations  are  made  and  a  report  thereon  furnished  by  the 
State  Board,  free  of  expense,  direct  to  the  physician  furnishing  the  cultures. 
Thirty  cultures  have  been  taken  and  submitted  for  examination  during  the 
year. 

The  bacteriological  work  for  the  board  has  continued  to  be  performed  at 
the  emergency  hospital. 

The  board  renews  its  recommendation  and  request  for  a  contagious  hos* 
pitaL  We  have  no  guarantee  that  we  may  not  be  visited  by  an  epidemic 
calling  for  more  commodious  quarters,  perhaps  at  a  time  when  least  to  be 
expected,  and  we  believe  it  would  be  wise  on  the  part  of  the  government 
during  the  coming  year  to  acquire  a  piece  of  land  along  the  river  front  or 
some  suitable  location  upon  which  a  contagious  hospital  could  be  erected, 
or  upon  which  temporary  modern  buildings  could  be  hastily  erected  in  case 
of  a  visitation  of  small-pox.* 

The  most  fruitful  source  of  nuisance  which  the  board  ever  had  to  deal 
with,  viz.,  the  primitive  and  unsanitary  method  of  collecting  and  disposing 
of  garbage  and  house  waste  promiscuously  with  ashes  and  other  waste 
material  and  dumping  it  into  any  convenient  vacant  lot,  there  to  putrefy 

*  This  suggestion  of  the  local  board  of  health  appears  to  baye  been  taWy  yerified  at  the  time 
of  publication  of  this  report,  a  severe  epidemic  of  small-pox  haying  yisited  the  city  in  May, 
1899,  at  a  time  when  no  measures  bad  been  taken  to  secare  a  suitable  location  for  an  isolation 
hospital. 
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under  the  summer  sun  and  give  off  the  most  noxious  gases,  to  the  danger 
and  annoyance  of  the  public  in  general  and  the  residents  of  such  localities 
in  particular,  has,  we  are  pleased  to  report,  been  removed  by  arrange- 
ments made  by  the  board  of  health  for  the  separation,  collection,  remoyal 
and  disposal  of  all  garbage  and  kitchen  waste  in  a  sanitary  manner,  througfa 
an  appropriation  made  for  that  purpose.  The  system  went  into  operation 
witB  the  beginning  of  last  May  upon  a  contract  made  for  one  year,  and  the 
success  which  has  attended  it  since  the  first  has  exceeded  our  most  sanguine 
expectations. 

In  accordance  with  the  Public  Statutes  of  the  Commonwealth  the  super- 
vision and  periodical  inspections  of  the  various  bakeries  in  the  city  have 
been  made  by  the  inspector  of  the  board,  who  has  seen  to  it  that  the  prem- 
ises in  all  cases  have  been  maintained  in  strict  accordance  with  the  require- 
ments of  the  law. 

In  order  to  guarantee  a  pure  supply  of  ice  and  place  its  responsibility 
therefor,  the  city  government  of  1898  enacted  an  ordinance  delegating  the 
control  of  its  sale  and  delivery  to  the  board  of  health.  Acting  upon  the 
authority  therein  conveyed  the  board  subsequently  adopted  a  regulation  to 
provide  against  the  sale  and  delivery  of  impure  ice,  a  proper  enforcement 
of  which  cannot  fail  to  be  productive  of  the  intended  results. 

Swine  are  prohibited  within  the  city  by  the  regulations  of  the  board 
under  a  penalty  of  one  hundred  dollars. 

FiTCHBURG. 

The  board  desires  to  renew  its  request  made  last  year  for  the  establish- 
ment of  a  bacteriological  laboratory  and  contagious  disease  hospital  or 
hospital  ward,  and  earnestly  urges  an  appropriation  therefor.  Our  experi- 
ence this  year  has  more  than  ever  demonstrated  the  necessity  for  tbese 
institutions.  One  after  another  the  principal  cities  are  establishing  their 
own  laboratories,  thus  enabling  the  work  to  be  done  more  quickly  and 
conveniently. 

The  board  is  of  the  opinion  that  the  city  should  own  its  own  offal  teams 
and  directly  control  the  collection  and  disposal  of  the  offal,  as  under  such 
a  system  the  collection  is  more  efficient  and  satisfactory  in  every  way. 

The  record  of  diphtheria  shows  no  fatal  cases  this  year,  which  very 
satisfactory  result  is  to  be  attributed  solely  to  the  prompt  use  of  antitoxin. 

The  transfer  of  the  control  of  milk  licenses  from  the  police  department 
to  the  board  of  health  has  brought  good  results,  as  expected,  and  as  shown 
by  the  report  of  the  milk  inspector. 

Gardner. 

The  attention  given  by  the  board  to  the  overflow  of  cesspools,  bans, 
water-closets,  etc.,  has  resulted  in  a  very  much  improved  condition  in  the 
sanitary  arrangement  in  our  town.    We  realize  the  benefit  of  this  improve- 
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meDt  in  the  decreased  number  of  contagious  diseases.  There  is  one  point 
to  which  we  desire  to  call  attention  in  this  connection ;  that  is  the  improye- 
ment  in  the  plumbing  of  buildings  from  what  was  the  practice  some  few 
years  ago. 

In  our  report  of  last  year  we  stated  that  we  looked  forward  to  this  year 
for  a  closer  supervision  of  the  milk  supply.  In  accordance  with  this  plan 
we  notified  the  milkmen  to  attend  a  meeting  of  the  board  early  in  the  sea- 
son, which  resulted  in  a  very  satisfactory  understanding  of  the  require- 
ments for  the  better  protection  of  the  people  of  the  town.  The  result  of 
this  meeting  was  the  adoption  of  the  following  regulations :  ~ 

All  persons  wishing  to  sell  milk  in  the  town  of  Gardner  must  make  application 
to  the  milk  inspector  to  make  an  inspection  of  their  bams,  animals,  water  and  food 
supplies,  also  the  barns,  animals,  water  and  food  supplies  of  all  persons  from 
whom  they  may  obtain  milk,  their  equipments  for  collecting  and  distributing 
same,  and  obtain  from  the  inspector  a  license  to  vend  milk  in  the  town. 

There  shall  be  at  least  two  inspections  annually,  and  shall  consist  in  examining 
into  the  ventilation  and  light  of  the  stables,  health  and  cleanliness  of  the  animals, 
condition  of  apparatus  for  collecting  and  distributing  milk,  situation  of  water  sup- 
ply, variety  and  quality  of  food,  cleanliness  of  attendants,  finding  specific  gravity 
of  milk  and  subjecting  it  to  the  Babcock  test. 

Any  change  in  source  of  milk  supply  must  be  reported  to  the  milk  inspector 
within  five  days. 

Barns  must  be  kept  clean  and  well  ventilated,  the  water  supply  pure  and  well 
situated,  food  of  good  quality;  animals  must  be  kept  clean,  and  attendants  must 
observe  cleanliness  in  person. 

Wagons  and  cans  must  be  kept  clean,  and  vehicles  must  have  the  owner^s 
name  and  license  number  painted  on  each  side. 

Should  the  milk  inspector  find  that  any  person  or  persons  had  failed  to  comply 
with  the  requirements  of  the  first  inspection,  such  person  or  persons  shall  pay  the 
expenses  of  each  inspection  after  the  first. 

Milk  tickets  must  not  be  used  twice. 

Milk  shall  be  strained  through  not  less  than  five  thicknesses  of  suitable  cloth 
or  its  equivalent. 

Venders  from  other  towns  shall  bear  the  expense  of  each  inspection,  besides 
paying  the  regular  license  fee. 

Great  Harrington. 

The  prevalence  of  typhoid  fever  last  autumn  led  the  board  to  a  consid- 
eration of  the  question  as  to  whether  or  not  the  cases  of  this  disease  could 
be  attributed  to  a  cause  arising  within  the  town.  No  such  cause  could  be 
discovered,  and  we  regard  it  as  a  fact  of  some  significance  that  all  of  the 
typhoid  fever  patients,  except  one,  had  resided  or  visited  in  other  tpwns 
shortly  before  the  commencement  of  their  illness. 
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Greenfield. 

Our  death-rate  has  been  lower  this  year  than  it  has  ever  been  before 
since  the  board  began  the  compilation  of  statistics,  viz.,  14.28  per  1,000 
of  population. 

Late  in  the  summer  the  attention  of  the  board  was  called  to  the  indis- 
criminate and  careless  collection  of  garbage,  and  upon  investigation  it 
seemed  to  the  board  that  the  collection  of  garbage  and  house  offal  should 
be  under  more  strict  supervision,  and  the  board  voted  that  hereafter  all 
persons  desiring  to  collect  garbage  must  first  apply  to  the  board  for  license 
to  do  so  and  must  collect  the  same  strictly  in  accordance  with  the  ralea  and 
regulations  of  the  board  of  health. 

In  a  town  of  this  size  it  has  seemed  to  the  board  that  the  keeping  of 
swine  should  be  to  some  extent  prohibited  in  the  more  thickly  settled  por- 
tions of  the  town  and  notice  has  been  given  that  after  May  first  no  one 
will  be  allowed  to  keep  swine  unless  duly  licensed  to  do  so  by  the  board  of 
health,  and  only  in  such  place  and  manner  as  the  board  may  deem  proper. 

The  town  has  been  more  free  from  contagious  diseases  this  year  than 
last,  the  number  being  41  this  year,  as  compared  with  78  last  year,  although 
not*  having  dropped  to  the  figures  of  preceding  years,  19  in  1896  and  28  in 
1895.  There  have  been  3  deaths,  2  from  typhoid  fever  and  1  from  measles, 
one  of  those  from  typhoid  fever  being  a  member  of  the  2d  regiment,  M.  V.  M., 
and  contracting  the  disease  while  in  service.  Early  in  the  year  the  plan  of 
placarding  all  houses  in  which  there  existed  any  contagions  case  was  adopted, 
and  it  has  seemed  to  meet  with  universal  satisfaction. 

Recently  the  board  has  issued  an  order  requiring  in  fntnre,  in  all  cases 
of  diphtheria,  before  quarantine  shall  be  raised  and  the  patient  be  allowed 
to  mingle  with  other  people  that  a  negative  culture  shall  be  taken  from  the 
throat,  showing  that  no  germs  of  the  disease  are  present. 

In  September  last  a  few  cases  of  scarlet  fever  were  reported.  Upon  in- 
vestigation it  was  found  that  during  the  summer  two  children  in  one  family 
had  been  ill  for  a  few  days  only,  at  no  time  sufficiently  ill  to  necessitate 
the  calling  of  a  physician.  The  symptoms  of  these  illnesses  as  described 
later  by  the  parents  were  strongly  suspicious  of  scarlet  fever  and  recoveiy 
in  each  case  was  followed  by  desquamation.  These  children  upon  recovery 
from  the  acute  symptoms  were  allowed  to  mingle  with  other  children  and  in 
due  course  of  time  several  cases  were  reported  among  these  playmates. 

The  board  wonld  recommend  that  the  town  erect  in  some  suitable  place 
a  building  to  be  used  for  the  care  and  treatment  of  contagious  diseases. 
The  experience  of  last  spring  with  small-pox  should  prove  to  the  town  the 
value  of  such  a  building. 

Haverhill. 

In  July  all  the  bakeries  in  the  city  were  visited  by  the  agent,  and  a  de- 
tailed report  of  the  result  of  his  inspections  was  made  to  the  board  in 


No.  34.]  HEALTH   OF  TOWNS,  841 

Angnst.  The  condition  of  affairs  found  in  many  of  them  showed  that 
legislation  to  correct  the  evils  discovered  had  not  been  enacted  any  too 
soon.  Some  were  very  untidy  and  filthy,  and  looked  as  if  they  had  not 
been  cleaned  and  whitewashed  for  years,  and  to  make  the  changes  ordered 
in  some  of  them  involved  considerable  expense,  as  water-closets  had  to  be 
removed  from  the  bake  rooms,  or  the  location  of  the  bake  room  changed  so 
as  to  make  indirect  communication,  in  order  to  have  them  conform  to  the 
statute  relating  to  bakeries  and  persons  employed  therein.  In  August  a 
second  inspection  was  made,  the  result  of  which  showed  a  very  great  im- 
provement in  the  sanitary  condition  of  the  bakeries  referred  to,  and  a 
prompt  and  willing  compliance  on  the  part  of  the  proprietors  to  comply 
with  the  law. 

There  were  5  prosecutions  in  the  police  court,  resulting  in  4  convictions, 
with  light  penalties  imposed,  and  1  discharged  for  lack  of  sufficient 
evidence.  This  was  the  case  of  a  physician  summoned  into  court  for 
neglecting  to  report  a  case  of  scarlet  fever.  The  law  requiring  physicians 
and  householders  to  report  cases  of  contagious  diseases  is  so  defective  and 
contains  so  many  loopholes  that  it  is  almost  impossible  to  secure  convictions 
in  the  local  court,  and  therefore,  the  time  spent  in  collecting  evidence  and 
in  attendance  at  court  is  simply  time  and  energy  wasted.  There  have  not 
been  many  prosecutions  in  this  city  under  this  statute,  but  what  few  there 
have  been  in  previous  years  have  in  every  instance  resulted  in  the  acquittal 
of  the  defendant.  The  evidence  upon  which  these  cases  have  been  taken 
into  court  has  seemed  clear  and  almost  conclusive,  but  when  presented  to 
the  court,  the  result,  as  we  have  said,  has  been  the  discharge  of  the 
defendant. 

The  number  of  cases  of  contagious  diseases  that  occurred  in  the  city  is 
approximately  correct,  with  the  exception  of  measles  and  whooping-cough. 
It  is  safe  to  state  that  not  more  than  one  quarter  of  these  diseases  have 
been  reported. 

HOLTOKE. 

Much  additional  work  has  devolved  upon  the  board  this  year  in  carrying 
out  the  requirements  of  the  new  Public  Statutes.  Many  petitions  and 
complaints  have  been  received  requiring  the  viewing  of  the  premises  in- 
volved. The  board  has  made  all  such  inspections  and  also  inspected 
localities  thought  to  be  in  an  unsanitary  or  unhealthful  condition. 

Such  yearly  inspections  of  bakeries  and  their  surroundings,  as  required 
by  law,  have  been  made,  and  the  board  can  report  a  much  improved  con- 
dition since  the  last  inspection. 

The  undertakers  have  been  licensed  this  year  according  to  the  State 
statutes  passed  in  May,  1897,  and  the  additional  control  thus 'gained  has 
improved  the  working  of  this  branch  of  our  department. 

In  November  an  ordinance  was  enacted  designating  the  boaixl  of  health  as 
the  body  to  issue  licenses  and  superintend  the  practicing  of  slaughtering. 
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Regulations  have  passed  the  board  insisting  that  all  engaged  in  this 
business  shall  fully  comply  with  the  law,  and  it  is  oar  intention  that  none 
but  inspected  meat  shall  be  sold  in  the  city. 

Inspection  has  been  made  of  the  fruit  stores  and  the  stock  of  produce 
dealers  in  the  city,  and  as  a  result  less  fruit  and  vegetables  unfit  for  sale 
are  presented  to  the  trade. 

In  compliance  with  the  orders  of  this  board  the  sanitary  condition  of  the 
basement  of  the  city  hall  has  been  much  improved. 

The  tramp  room  is  not  suited  to  its  present  use.  It  lacks  ventilatioD 
and  is  too  small  to  accommodate  all  the  tramps  who  apply  for  lodging. 
The  police  have  been  obliged  to  place  as  many  as  34  tramps  in  this  room 
at  one  time.  The  rules  of  the  board  are  as  follows  in  regard  to  rooms  used 
as  sleeping-rooms :  — 

Rule  27.  In  considering  the  number  of  occupants,  in  accordance  with  the  fore- 
going section,  this  board  will  consider  a  sleeping-room  to  be  overcrowded  onless 
there  should  be  at  least  four  hundred  (400)  cubic  feet  of  air  space  for  each  inhab- 
itant occupying  the  same. 

The  present  room  contains  about  2,200  cubic  feet  of  air  space ,  which 
would  permit  of  its  use  by  no  more  than  6  persons.  The  board  would  re- 
quest that  some  other  place  be  provided  to  accommodate  these  tram|)S. 

Hudson. 

The  scarlet  fever  epidemic  that  began  in  December,  1896,  continaed 
through  every  month  of  1897  and  to  April  21,  1898,  there  being  76  cases 
reported  in  that  period,  and  but  3  deaths  from  it.  Two  of  the  deaths  came 
with  startling  suddenness  and  in  one  family,  causing  the  board  to  investi- 
gate exposed  cases,  and  bringing  to  the  attention  of  parents  cases  in  their 
families  hitherto  unsuspected.  A  circular,  containing  suggestions  for  pre- 
venting its  spread,  was  distributed  among  teachers  and  families,  and 
certain  families  quarantined,  when  the  disease  soon  ceased,  and  not  a  case 
has  been  reported  for  the  last  eight  months. 

Hyde  Fabk. 

The  remarkable  decrease  in  the  death-rate  from  diphtheria  from  27  per 
cent,  in  1896  to  11  per  cent,  in  1898  can  surely  be  credited  to  the  free  use 
of  antitoxin  and  thorough  and  systematic  disinfection.  The  diBinfecti<m 
and  fumigation  by  the  use  of  formaldehyde  gas  has  been  continued  with 
gratifying  results,  as  there  has  not  been  a  second  case  reported  from  houses 
where  this  process  has  been  applied. 

Although  many  years  have  passed  since  a  case  of  small-pox  has  been 
reported  in  the  town,  still  it  is  liable  to  occur  at  any  time.  Should  small* 
pox  appear  we  should  be  prepared  by  being  provided  with  facilities  to  oon- 
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trol  it.  As  it  is  we  are  not  even  provided  with  a  place  where  the  patient 
might  be  safely  isolated  and  cared  for.  A  sectional  building  which  could 
be  stored  in  some  convenient  place,  and  which  could  be  erected  in  a  few 
hours,  should  be  provided.  In  case  the  emergency  should  arise  we  would 
then  be  able  to  meet  it  successfully. 

The  vaccination  of  all  children  who  attend  the  public  and  parochial 
schools  should  be  insisted  upon  as  the  Public  Statutes  provide. 

Ipswich. 

The  sanitary  condition  of  the  town  has  been  very  good,  and  complaints 
to  the  board  of  nuisances  have  been  very  few,  and  these  have  been  promptly 
investigated  and  our  decisions  and  requirements  met  in  a  proper  spirit,  and 
our  instructions  carried  out  in  a  satisfactory  manner. 

Leominster. 

The  board  works  in  unity  and  with  oneness  of  purpose  for  the  best 
interest  of  the  town  to  preserve  its  health,  to  prevent  the  spread  of  con- 
tagious diseases,  to  keep  the  streets  clean,  and  to  look  after  the  two  per- 
haps most  essential  points  pertaining  to  the  public  health,  namely,  the 
proper  plumbing  of  buildings  and  the  extension  of  sewerage  in  those  por- 
tions of  the  town  most  needing  it. 

Malaria,  which  is  usually  not  prevalent  here  to  any  great  extent,  has  this 
past  year  been  more  in  evidence.  No  deaths,  however,  have  been  reported 
from  this  cause. 

Typhoid  fever  has  increased  in  the  number  of  cases  reported,  but  with 
the  same  number  of  deaths  as  during  the  past  year. 

Though  the  number  of  cases  reported  as  sick  with  some  of  the  contagious 
diseases  has  this  past  year  been  greater,  the  mortality  has  not  increased. 

Lincoln. 

Early  in  the  year  the  board  learned  of  a  contemplated  purpose  to  locate 
an  extensive  slaughtering  establishment  in  the  south  part  of  the  town,  near 
the  Weston  town  line.  Assured  that  such  an  establishment  would  be  an 
nnmitigated  nuisance  and  detrimental  to  the  town,  the  board  took  joint 
measures  with  the  board  of  health  of  the  town  of  Weston  against  such 
establishment.  Our  town  of  Lincoln,  also,  in  public  meeting  called  to  con- 
sider the  matter,  energetically  opposed  the  same.  The  scheme  seems  to 
have  been  and  it  is  hoped  has  been  abandoned. 

The  board  would  in  conclusion  reiterate  its  suggestion  of  last  year,  that 
it  is  the  duty  of  every  citizen  to  himself  and  the  community  in  which  he 
lives  to  promptly  report  all  cases  worthy  of  complaint  in  which  disregard 
of  public  right  to  pure  air  and  pure  water  is  manifest. 
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Lowell, 

Lowell  was  the  first  New  England  city  to  try  the  crematiag  process  for 
the  destraction  of  garbage,  and  there  is  now  very  little  doabt  that  crema- 
tion is  the  proper  sanitary  method  of  disposing  of  this  waste.  Owing  to 
the  inadequate  size  of  the  furnace  as  well  as  insuiiicient  appropriation  for 
carrying  on  this  work,  Lowell  burns  about  50  per  cent,  of  the  city  garbage, 
meaning  swill  and  market  refuse ;  the  other  half  is  collected  by  licensed 
farmers  who  use  it  as  a  fertilizer  or  feed  it  to  hogs.  During  the  winter 
months  nothing  is  burned  at  the  cremator,  except  the  market  refuse  and 
refuse  from  hospitals  and  those  houses  reported  to  the  health  office  as  con- 
taining a  case  of  infectious  or  contagious  disease. 

The  board  refuses  to  recommend  any  applicant  who  keeps  cows  whose 
milk  is  to  be  sold,  an4  also  refuses  a  swill  license  to  collectors  of  grease, 
etc.,  called  ''soap  men."  The  ashes  and  refuse  other  than  swill  are  col- 
lected by  the  health  department  and  are  used  for  filling  in  low  lands. 

Two  municipal  questions  of  primary  importance  for  the  health  and  pros- 
perity, consequently  the  growth,  of  any  city  are  those  relating  to  pare 
water  supply  and  proper  sewerage. 

The  necessity  for  medical  inspection  of  schools  becomes  more  apparent 
each  year.  After  studying  the  various  methods  in  use  in  cities  of  this 
country,  we  believe  that  if  a  corps  of  physicians  were  appointed  by  the 
board  of  health  whose  duties  would  consist  of  not  only  inspecting  the 
schools  of  their  respective  districts,  but  should  also  be  held  directly  re- 
sponsible for  the  proper  isolation  of  all  cases  of  infectious  and  contagions 
diseases  occurring  in  their  districts,  the  danger  to  the  public  from  these 
diseases  would  be  reduced  to  a  minimum.  This  work  could  be  readily 
done  by  tactful  physicians  without  interference  or  friction  to  the  attending 
physician.  The  great  benefit  a  corps  of  physicians,  as  described  above, 
would  be  to  the  city  of  Lowell  during  the  summer  months  when  cholera 
infantum  kills  more  infants  than  all  other  causes  added  together,  would 
BufiSciently  repay  the  city  for  the  money  expended.  That  cholera  infan* 
tum  can  in  a  great  measure  be  eliminated  by  proper  instruction  to  parents 
and  guardians  on  the  errors  of  infant  feeding,  and  that  such  education  can 
be  best  done  by  physicians  mingling  in  the  crowded  districts  with  the 
people  living  there,  does  not  admit  any  doubt. 

The  board  recommends  the  establishment  of  an  infectious  disease  hos- 
pital and  a  public  morgue. 

The  large  number  of  deaths  from  tuberculosis  in  some  form  that  occur 
annually  in  our  city  has  been  the  subject  of  much  comment.  In  a  city  of 
Lowell's  composition  there  are  necessarily  factors  at  work  which  tend  to 
foster  a  large  death-rate  from  this  cause.  Lowell  is  primarily  and  cfaiefir 
a  manufacturing  city,  with  the  physical  evils  that  snch  a  life  entails.  Long 
hours  of  bard  work  in  illy  ventilated,  over-heated,  dusty  mills,  accompanied 
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with  crowded,  unsanitary  dwelling  qnarters,  will  produce  a  soil  favorable 
for  the  reception  and  growth  of  this  germ,  as  well  as  a  most  perfect  oppor- 
tunity to  transmit  it  to  others  in  a  similar  state  of  debility. 

The  Lowell  board  of  health  has  followed  the  stand  taken  by  other  cities 
and  voted  ^'  that  the  deposit  of  sputum  in  street  cars  is  a  public  nuisance, 
source  of  filth  and  cause  of  sickness,  and  hereby  orders  that  spitting  upon 
any  floor  of  any  street  car  be  and  hereby  is  prohibited." 

The  remarkably  low  death-rate  from  cholera  infantum  obtained  in  1897 
has  been  maintained  during  1898.  The  good  results  obtained  in  some  of 
the  larger  cities,  as  well  as  that  in  our  own  city,  in  the  summer  of  1897 
from  fresh-air  excursions  and  in  spreading  knowledge  on  the  care  and 
feeding  of  infants,  would  suggest  that  much  is  possible  in  that  direction. 
We  would  respectfully  ask  that  some  provisions  be  made  for  such  a  pur- 
pose in  the  coming  year. 

It  would  seem  as  if  there  is  every  reason  why  the  milk  inspector  should 
be  connected  with  this  department.  With  a  well-equipped  laboratory  for 
biological  research,  there  seems  to  be  no  reason  why  the  public  should  not 
receive  the  benefits  to  be  derived  from  a  positive  knowledge  of  the  purity 
of  the  milk  supplied  to  Jewell. 

Lynn. 

The  hospital  for  contagious  diseases  has  had  another  successful  year. 

There  have  been  admitted  to  the  hospital  during  the  past  year,  49 
patients,  34  cases  of  diphtheria  and  15  cases  suffering  with  scarlet  fever. 

The  quality  of  milk  has  shown  some  improvement  over  that  of  preceding 
years,  and  some  credit  is  due  to  the  milkmen,  who  have  taken  precautions 
to  watch  carefully  their  supply.  In  many  instances  these  dealers  have 
samples  analyzed  at  regular  intervals,  and  by  doing  so  are  able  to  detect  di- 
lution or  adulteration  which  may  be  practised  at  the  dairy.  Several  dairy- 
men have  been  detected  in  this  manner,  and  upon  complaint  of  the  milkmen 
were  brought  before  the  inspector.  There  are,  however,  many  dealers  who 
still  require  attention,  and  whose  milk  supply  indicates  lack  of  care  or  sub- 
sequent modification.  The  use  of  formaline  has  been  resorted  to,  and  all 
dealers  have  been  brought  into  court  and  convicted  who  were  found  using 
it.  During  the  year  35  milk  dealers  have  been  brought  into  court  for  hav- 
ing milk  below  standard  and  for  use  of  foreign  substance.  Two  were  dis- 
charged, 12  put  on  file,  21  fined. 

Malden. 

The  board  contemplates  making  it  obligatory  on  the  part  of  attending 
physicians  in  all  cases  of  diphtheria  to  secure  a  negative  culture  before  the 
quarantine  restrictions  shall  be  removed  from  the  patient  and  the  premises. 

It  is  yet  to  be  hoped  that  a  suitable  plan  may  be  found  where  an  isolation 
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ward  may  be  located.     The  proper  and  humane  care  of  the  unfortanate, 
as  well  as  the  rights  of  the  public,  demand  such  an  institution. 
The  board  advises  the  medical  inspection  of  the  public  schools. 

Marblehead. 

The  health  of  the  town  was  never  better  than  during  the  last  twelve 
months.  It  has  been  wonderfully  fortunate  in  the  small  number  of  con- 
tagious diseases,  there  being  but  a  few  cases  of  scarlet  fever,  diphtheria 
and  other  diseases  peculiar  to  children. 

There  were  but  5  cases  of  diphtheria  and  1  death.  In  each  and  every 
case  antitoxin  has  been  administered. 

Marlborough. 

There  were  no  deaths  from  contagious  diseases  during  1898,  being  the 
first  for  ten  years  to  have  no  record  of  mortality  resulting  from  con- 
tagious or  infectious  diseases. 

The  greatest  number  of  cases  of  scarlet  fever  were  reported  in  Decem- 
ber. The  board  has  continued  to  enforce  the  strictest  quarantine  in  these 
cases  and  has  succeeded  in  staying  the  progress  of  the  disease,  and  with 
the  aid  of  the  new  method  of  disinfection  with  formaldehyde  gas,  the 
danger  of  the  disease  spreading  was  reduced  to  the  minimum. 

The  school  board,  by  its  co-operation  with  the  board  of  health,  baa 
rendered  valuable  assistance  in  the  prevention  of  the  spreading  of  oontagioos 
diseases  among  the  children  in  the  public  schools.  As  soon  as  a  case 
appears  in  any  of  the  school  buildings  the  teacher  has  instmctions  to  im- 
mediately burn  all  books  and  papers  which  were  used  by  the  chUd,  also  the 
desk  and  chair  are  washed  with  a  solution  of  corrosive  sublimate. 

Medford. 

The  freedom  from  contagious  diseases  experienced  by  our  city  daring 
the  past  year  is  very  gratifying,  the  total  number  of  cases  of  contagions 
and  infectious  diseases  being  only  72.  Of  the  dreaded  diseases,  diphtheria 
and  scarlet  fever,  there  have  been  42  cases,  of  which  8  were  fatal. 

It  is  evident  that  the  early  discovery  and  care  of  cases  of  oontagioos  dis- 
eases, so  as  to  prevent  epidemics,  call  for  the  hearty  co-operation  of  teach- 
ers, physicians  and  citizens  with  the  board  of  health. 

During  the  year,  culture  tubes  for  the  bacterial  examination  of  cases 
suspected  to  be  diphtheritic  and  supplies  of  antitoxin  have  been  obtained 
from  the  State  Board  of  Health. 

• 

Melrose. 

A  gratifying  feature  of  the  record  of  the  past  year  is  the  unusual  free- 
dom from  the  prevalence  of  contagious  diseases.  The  average  nomber  of 
cases  of  scarlet  fever  for  the  last  eight  years  has  been  41.     The  table 
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shows  the  total  number  for  1898  to  have  been  only  20.  Oar  annual  aver- 
age of  diphtheria  for  eight  years  has  been  26,  but  last  year  brought  only  5 
cases.  On  the  other  hand,  the  number  of  cases  of  measles  during  the  last 
two  years  has  been  about  700. 

Attention  has  been  called  by  the  secretary  of  the  State  Board  of  Health 
to  the  point  that  the  ice  cut  from  Ell  Pond  (or  Crystal  Lake)  may  be  liable 
to  contamination  from  offensive  discharges  into  the  lake.  These  may  be 
presumed  to  occur  from  two  sources,  dwelling-houses  on  its  border  and 
from  two  brooks  pouring  into  the  lake  on  its  northern  and  western  borders. 
The  former  source  of  danger  had  already  been  largely  prevented,  and  any 
possible  cause  of  pollution  still  existing  from  that  source  will  be  very 
promptly  extinguished.  The  latter  source  of  contamination  is  more  diffi- 
cult to  control,  beyond  preventing  brook  pollution,  and  it  may  be  a  ques- 
tion if  this  board  has  full  power  to  enforce  radical  action,  the  authority 
resting  rather  with  the  State  Board.  Manifestly,  ice,  to  be  fit  for  domes- 
tic use,  should  be  made  only  from  water  that  is  fit  to  drink. 

MiDDLEBOROUGH. 

Not  since  1881  has  this  town  been  so  free  from  contagious  diseases  as 
this  year ;  not  a  single  case  has  been  reported  to  the  board,  but  a  careful 
and  constant  watch  of  the  sanitary  condition  of  the  village  has  much  to  do 
with  its  present  condition. 

MiLFORD. 

In  these  days  no  town  of  any  considerable  size  or  importance  is  con- 
sidered to  be  a  desirable  place  for  residential  or  business  purposes  unless 
it  possesses  a  good  water  supply  and  sewerage  system.  The  two  go  together, 
and  are  required  by  the  rules  of  modem  living. 

Milford  has  as  perfect  a  water  supply  system,  with  a  purity  which  prob- 
ably is  not  surpassed  by  any  town  in  New  England ;  but  it  is  wofully 
deficient  in  its  sewerage  facilities. 

New  Bedford. 

During  the  past  year  we  have  received  numerous  complaints  of  filthy 
docks  caused  by  accumulated  sewage,  and  so  far  as  has  lain  in  our  power 
we  have  endeavored  to  remedy  the  evil.  Unless  the  docks  into  which 
several  of  the  largest  sewers  empty  are  cleaned  of  this  filth  by  spring, 
these  nuisances  along  the  water  front  will  cause  trouble. 

Another  matter  which  to  us  seems  of  vital  importance  in  guarding  the 
health  of  this  community  is  that  of  maintaining  the  streets  in  a  cleanly  con- 
dition. 

Another  matter  which  we  call  to  your  attention  is  the  growing  need  for  a 
contagious  disease  hospital,  as  provided  by  law ;  not  an  elaborate  structure, 
but  a  suitable  place  where  such  cases  of  scarlet  fever  and  diphtheria  as 
cannot  be  treated  at  their  own   homes  without  great  danger  to  other 
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members  of  the  family,  and  consequently  to  the  oommanity,  can  be  isolated. 
The  past  year  the  necessity  for  such  an  institution  was  very  emphatically 
forced  upon  us,  and  we  hope  in  the  near  future  some  proyision  will  be 
made  for  such  a  place  independent  of  any  other  hospital  or  public  institntioa. 

It  is  our  opinion  that  the  prevalence  of  diphtheria  and  the  mortality  from 
this  once  much  dreaded  disease  has  been  greatly  lessened  by  the  use  of 
antitoxin,  which  is  prepared  by  the  State  Board  of  Health  and  furnished 
by  this  board  to  all  physicians  free  of  cost. 

The  first  step  in  the  management  of  contagious  diseases  is  the  notification 
of  each  case,  which  is  incumbent  on  householder  as  well  aa  attending 
physician.  But  few  householders  know  this,  but  as  most  physicians  rarely 
neglect  to  report  a  case,  the  board  is  able  to  keep  an  oversight  of  exiBting 
cases.  In  a  number  of  instances  cases  have  been  discovered  where  no 
physicians  were  employed,  and  generally  this  has  been  in  families  where 
English  is  seldom  spoken. 

The  culture  method  of  assisting  in  the  diagnosis  of  diphtheria  should  be 
universally  employed  by  the  physicians  of  New  Bedford. 

During  the  year  the  board  has  adopted  an  order  prohibiting  the  attend- 
ance at  all  schools  of  children  afflicted  with  whooping-congh.  This  pre- 
caution is  taken  in  all  large  cities  of  the  Commonwealth,  and  we  believe  it 
to  be  a  wise  one. 

No  common  source  of  infection  could  be  discovered  during  the  prevalence 
of  typhoid  fever.  The  cases  were  pretty  evenly  distributed  over  the  city. 
The  milk  supply  was  ascertained  in  each  case  and  only  in  two  instances  it 
was  discovered  that  more  than  one  typhoid  patient  had  been  supplied  by 
the  same  dealer. 

Newton. 

The  bath-house  was  opened  on  June  20.  The  following  table  shows  the 
number  of  persons  using  the  bath-house  during  the  season :  — 

June, .         .         .  200 

July 2^9 

August, 8,985 

September, 2A^7 

Total, 9,281 

The  board  would  recommend  the  establishment  of  similar  bath-houses  at 
other  points  in  the  city. 

The  milk  farms  have  been  visited  by  the  agent  once  a  month  during  the 
year,  and  a  report  of  their  condition  made  by  him  to  the  board.  In  this 
way  the  board  is  enabled  to  keep  them  in  as  good  condition  as  possible 
under  the  present  methods.  A  much  more  stringent  method  of  control, 
and  one  which  the  board  favors,  has  been  outlined  by  the  Massachusetts 
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Association  of  Boards  of  Health,  but  unfortanately  this  cannot  be  adopted 

without  certain  changes  in  the  statutes,  which  have  not  as  yet  been  made. 

The  board  adopted  a  rule  in  1897  prohibiting  the  keeping  of  swine  on 

milk  farms,  under  which  it  compelled  the  removal  of  a  large  number  of 

swine.  « 

North  Adams. 

All  the  bakeries  in  the  city  have  been  inspected,  and  with  few  excep- 
tions were  found  in  good  sanitary  condition,  a  great  improvement  over 
their  condition  in  past  years. 

All  the  stables  in  the  city  in  which  more  than  four  horses  are  kept  have 
been  inspected  by  the  agent,  and  so  far  as  practicable  the  nuisances  con- 
nected therewith  have  been  abated. 

The  milk  ordinance  having  been  passed  by  the  council  and  approved  by 
the  mayor,  it  became  necessary  that  the  stables  of  all  persons  selling  milk 
in  the  city  should  be  inspected,  which  was  accordingly  done  by  the  agent 
of  the  board.  There  were  seventy  stables  inspected,  and  a  report  of  the 
condition  of  each  stable,  together  with  the  orders  which  were  issued  by  the 
board  regarding  them,  has  been  filed  with  the  city  clerk. 

Early  in  April  this  board  applied  to  the  State  Board  for  an  examination 
and  analysis  of  the  ice  and  sources  of  supply^  which  request  was  promptly 
complied  with,  and  samples  were  sent  the  State  Board  and  an  inspection 
was  made  by  them. 

Adjudication  of  the  Board  of  Health, 

City  op  North  Adams, 

Office  of  the  Boabd  of  Health, 

Jane  8, 1898. 

The  board  of  health  of  the  city  of  North  Adams,  acting  under  chapter  16,  as 
amended,  of  the  Revised  Ordinances  of  said  city,  have  caused  to  be  examined  the 
ice  and  sources  of  supply  of  ice  which  is  offered  for  sale  and  distribution  in  said 
city,  and  have  taken  samples  and  have  caused  proper  analysis  of  the  same  to  be 
made,  as  appears  from  the  report  of  the  State  Board  of  Health,  herewith  attached 
and  made  part  of  this  report. 

We  find  and  do  adjudicate  that  the  pond  lying  between  the  tracks  of  the  Hoosac 
Valley  Street  Railway  Company  and  the  Fitchburg  railroad,  west  of  Blackinton, 
is  unfit  as  a  source  of  ice  supply ;  the  ice  is  impure  and  unfit  for  use. 

We  find  and  do  adjudicate  that  the  "  lower  pond  ^^  near  Flagg's  meadow  is  unfit 
as  a  source  of  ice  supply ;  the  ice  therefrom  is  impure  and  unfit  for  domestic  use. 

We  find  and  do  adjudicate  that  the  Zylonite  Pond  as  it  now  is,  with  the  nuisances 
existing  on  the  shores  thereof,  is  an  unfit  source  of  ice  supply,  and  the  ice  from 
said  pond  until  said  nuisances  are  removed  is  impure  and  unfit  for  domestic  use. 

We  also  find  and  adjudicate  that  the  Kemp  Fond  is  an  unfit  source  of  ice  sup- 
ply ;  the  ice  therefrom  is  impure  and  unfit  for  domestic  use. 

The  ice  cut  from  Stamford  Reservoir  and  Lieservoir  Pond,  though  care  should 
be  exerdsed  in  its  use,  is  not  condemned  for  domestic  purposes. 

The  conditions  surrounding  Hudson  Brook  are  much  more  favorable  than  last 
year,  but  the  adjudication  as  to  that  pond  is  postponed,  as  the  samples  taken  from 
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that  source  were  destroyed  before  reaching  the  State  Board.  The  attention  of 
the  consumer  is  especially  called  to  the  fact  that  the  ice  cat  from  the  uncon- 
demned  ponds,  though  not  so  dangerous  as  that  cut  from  the  condemned  ponds, 
should  never  be  used  in  drinking  water. 

Early  in  March,  owing  to  the  fact  that  one  or  more  cases  of  small-pox 
had  been  reported  in  a  neighboring  town,  the  board  thought  it  adyisable 
that  the  schools  be  inspected  and  all  the  children  that  had  not  been  suc- 
cessfully vaccinated  should  be  vaccinated ;  this  was  accordingly  done. 

Owing  to  the  strenuous  efforts  that  have  been  made  and  the  strict  quar- 
antine that  has  been  maintained  none  of  the  diseases  have  been  allowed  to 
spread  and  no  epidemic  has  ensued. 

Taking  the  three  principal  diseases,  diphtheria,  scarlet  fever  and  typhoid 
fever,  there  has  been  only  53  per  cent,  as  many  cases  as  last  year. 

Norwood, 

What  can  we  say  or  do  to  prevent  measles  becoming  epidemic?  We 
look  to  the  mothers  very  largely  for  help  in  preventing  its  spread.  Having 
had  one  experience  with  the  disease,  its  characteristic  ooagh  sboald  be 
early  recognized  and  the  child  kept  quarantined.  Attendance  on  public 
and  private  schools,  intermingling  in  public  halls,  churches,  etc.,  with 
others  not  infected,  must  be  denied  to  those  suffering  with  the  disease. 
While  the  disease  seems  less  serious  than  some  of  the  other  diseases  with 
which  most  children  have  to  struggle,  it  may  leave  very  serious  after 
effects.  We  should  recognize  our  moral  obligation  and  caref  ally  restrain 
suspected  subjects  from  mingling  with  those  not  immnne.  The  old  idea 
that  all  children  must  have  measles,  as  well  as  all  of  the  other  diseases 
which  children  may  have,  should  not  be  entertained. 

Palmer. 

It  has  been  our  aim  to  maintain  proper  regard  for  the  laws  of  health  and 
sanitation,  at  the  least  hardship  and  inconvenience  to  the  public  in  general 
consistent  with  the  safeguarding  of  the  community  against  anusnal  incresse 
of  contagions  disease.  We  have  been  fortunate  in  escaping  any  epidemic 
of  diphtheria,  and  while  we  have  suffered  from  quite  the  usual  number  of 
cases  of  scarlet  fever,  yet  there  has  been  present  a  mild  form  of  the 
disease,  with  but  one  fatal  case,  the  virulent  infection  of  some  two  or  three 
years  since  not  being  manifest. 

PiTTSFIELD. 

The  contagious  hospital  has  this  year  been  put  in  good  state  of  repur. 
House  disinfection,  following  infection  from  contagions  diseases,  it  a 
matter  to  which  this  board  has  given  special  attention.     The  old  manner  of 
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disinfection  by  the  burning  of  sulphur  is  a  thing  of  the  past.  By  the  old 
method,  it  necessitated  the  destruction  of  much  property,  clothing  and 
bedding,  the  cost  of  which  amounted  to  about  forty  dollars  in  each  case 
during  the  year,  aggregating  several  hundred  dollars.  An  agent  was  ap- 
pointed and  instructed  in  the  proper  use  of  formaldehyde,  he  having  dis- 
infected in  all,  up  to  date,  forty-five  tenements,  and  in  no  case  has  there 
been  a  return  of  the  disease  where  such  disinfection  has  been  done  by  our 
agent. 

During  the  past  year  the  board  has  supplied  antitoxin  to  nearly  all  cases 
of  diphtheria  occurring  in  town,  with  the  happiest  results,  and  have  always 
a  supply  on  hand  adequate  for  any  emergency,  which  may  be  had  on  appli- 
cation by  physicians.  Out  of  112  cases  reported,  there  were  only  7  deaths. 
Of  these  fatal  cases,  antitoxin  was  not  used  in  4,  and  in  the  other  3  cases 
administered  too  late  to  be  of  service. 

The  herds  of  the  city  have  been  thoroughly  inspected.  Suspected  ani- 
mals have  been  eliminated.  We  have  studied  the  best  methods  of  reaching 
out-of-town  herds  supplying  milk  to  this  city  for  the  past  five  years.  It  is 
the  idea  of  this  board  to  have  the  milk  supply  of  our  city  and  all  towns  in 
oar  immediate  vicinity,  and  in  fact,  by  precept,  example  and  influence,  the 
whole  of  Berkshire  County,  free  from  all  suspicion  of  tubercular  trouble, 
to  the  end  that  this  infectious  disease  may  be  eradicated  from  among  our 
inhabitants,  and  health  and  lives  saved  to  usefulness. 

Rockland. 

The  soap  factory  has  been  renovated  and  a  thorough  system  of  venti- 
lating fans  and  blowers  installed  for  conveying  the  noxious  fumes  under 
the  furnaces  and  burning  them  there,  which  we  trust  will  prove  satisfac- 
tory. 

The  board  the  past  year  has  made  a  radical  change  in  the  matter  of  dis- 
infection after  infectious  and  contagious  diseases,  having  adopted,  after 
careful  investigation  among  the  foremost  authorities  in  that  department, 
the  formaldehyde  system  of  disinfection. 

Salem. 

The  city  has  been  wonderfully  fortunate  in  the  small  number  of  con- 
tagious diseases  during  the  past  year. 

There  has  been  one  case  of  typhus  fever,  a  rare  occurrence  in  these  lati- 
tudes.   The  origin  of  the  case  cannot  be  traced. 

The  board  of  health  recommends  immediate  action  looking  to  the  erection 
of  a  contagious  hospital. 

The  rigid  inspection  of  milk  is  becoming  more  important  each  year,  and 
some  measures  should  be  taken  not  only  to  have  more  than  a  perfunctory 
inspection,  as  exists  at  present,  but  the  sources  of  supply  should  be  known 
and  carefully  watched.    The  oflSce  of  inspector  of  milk  should  be  under 
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the  BDperyision  of  this  boaixi,  conducted  in  an  up-to-date  manner,  and 
rigidly  enforced.  This  matter  is  of  great  importance,  and  will  well  repay 
the  city  to  consider  a  change  from  present  methods. 

SOHERYILLE. 

Number  of  naisances  abated, S80 

Number  of  nuisances  referred  to  board  of  1899,  .  .120 

Number  of  nuisances  complained  of, 1,000 

Number  of  complaints  (many  covering  more  than  one  nuisance),       618 

Number  of  notices  mailed, 509 

Number  of  notices  served  by  constables, 28 

In  addition  to  the  above,  137  dead  animals  have  been  removed  from  the 
public  streets,  and  many  nuisances  have  been  abated  on  verbal  notice  from 
the  agent,  without  action  by  the  board,  of  which  no  record  has  been  made. 

Glanders.  —  Forty-one  cases  of  glanders  have  occurred  during  the  year. 
Prompt  action  was  taken  in  every  case,  and  the  horses  have  been  killed. 

The  number  of  loads  of  ashes  collected  during  the  year  was  23,204.  The 
number  of  loads  of  offal  collected  during  the  year  was  5,409. 

There  are  but  few  privies  remaining  in  the  city,  and  it  is  the  expectatioo 
of  the  board  that  most  of  these  will  be  removed  during  the  coming  year. 

An  excellent  sanitary  map  and  a  revised  code  of  health  regulations  ac- 
companies this  report. 

Springfield. 

Until  August  15  diphtheria  was  very  infrequent,  but  f ix>m  that  date  till 
January  1  the  cases  were  reported  rapidly,  so  that  70  per  cent,  of  the  cases 
occurred  in  the  last  third  of  the  year.  The  good  effects  of  antitoxin 
promptly  used  is  now  generally  recognized,  and  examination  of  the  fatal 
cases  shows  that,  in  general,  death  only  ensues  in  cases  that  have  been  sick 
several  days  before  receiving  the  remedy. 

The  hospital  for  contagious  diseases  recently  built  is  nearly  ready  for 
use  and  will  provide  an  excellent  place  for  the  reception  and  treatment  of 
cases  of  this  kind.    The  building  provides  for  24  patients. 

Taunton. 

The  mortality  for  the  year,  figured  from  our  estimated  population  of 
27,812,  was  16.39  per  1,000,  after  deducting  102  deaths  at  the  State  Insane 
Hospital. 

The  introduction  of  a  portion  of  our  proposed  sewage  system  has  resolted 
in  the  abolishing  of  a  number  of  cesspools  and  privy  vaults,  always  a 
source  of  nuisance. 

The  city  has  been  wonderfully  fortunate  in  its  freedom  from  anything 
approaching  epidemic  of  contagious  diseases  of  any  nature  during  the  yesr. 
The  number  of  cases  of  diphtheria  was  the  smallest  for  years,  and  bat  one 
case  was  fatal. 
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Tewksburt. 

Two  cases  of  typhoid  pneumonia,  occurring  in  the  same  house  within  a 
few  days  of  each  other,  resulted  fatally  soon  after  being  removed  to  the 
hospital.  One  year  previous  there  occurred  a  case  of  typhoid  fever  at  this 
house.  The  premises  were  then  examined,  which  were  not  found  in  a  good 
sanitary  condition.  Several  changes  were  ordered  made,  some  of  which 
were  attended  to.  The  sink  drain  emptied  but  a  few  feet  from  the  back  of 
the  house,  and  the  water  supply  came  from  a  well  close  to  the  head  of  this 
drain,  which,  doubtless,  overflowed,  contaminating  the  water  used  for  drink- 
ing and  domestic  purposes.  The  milk  used  by  the  family  and  that 
sold  to  customers  was  kept  cool  during  the  summer  months  in  a  well  that 
was  a  sewer  for  a  hog  house  and  pen. 

UXBRIDGE. 

Soon  after  the  board  began  its  duties  attention  was  called  to  the  sanitary 
condition  of  several  factory  villages,  and  the  matter  thoroughly  investi- 
gated by  a  house  to  house  inspection.  While  this  disclosed  a  bad  state  of 
affairs,  it  was  not  by  any  means  confined  to  factory  tenement-houses,  but 
included  many  private  residences  occupied  by  the  owners. 

A  bad  sanitary  condition  was  shown  to  be  quite  general  throughout  the 
town,  undoubtedly  made  worse  by  the  remarkably  wet  season.  Within 
less  than  a  month  over  twenty-five  letters  were  written  to  different  parties 
containing  oflScial  orders  for  improvements  in  drainage  and  disposal  of 
refuse,  including  five  corporations,  and  it  gave  the  board  great  pleasure  to 
find  that  these  orders  were,  almost  unexceptionally,  carried  out  according 
to  specifications.  In  only  one  case  has  it  become  necessary  to  push  the 
matter  to  the  limit  of  the  law  by  court  trial,  and  that  was  in  suppression  of 
an  offensive  piggery,  which  had  long  resisted  all  outside  interference. 

Malaria,  according  to  the  State  Board  of  Health  reports,  has  been  more 
prevalent  here  than  in  any  other  locality  in  the  State.  Much  time  has 
been  employed  by  the  local  chairman  in  the  service  of  the  State  bacteriol- 
ogist in  canvassing  the  more  thickly  settled  portion  of  the  town,  and  this 
has  resulted  in  showing  the  far  greater  frequency  of  cases  in  those  localities 
near  adjoining  pools  of  stagnant  water  than  elsewhere.  This  is  particu- 
larly shown  near  Clark's  Pond,  as  is  graphically  exhibited  by  a  map  con- 
tained in  the  last  board  of  health  report. 

Your  board  has  been  warned  by  the  State  Board  that  we  were  transgress- 
ing the  law  in  regard  to  vaccination,  a  canvass  of  the  centre  schools 
Bbowing  only  160  vaccinated  out  of  600  pupils.  The  school  committee 
were  accordingly-  notified,  and  there  the  matter  will  probably  rest  until 
some  day  when  we  have  an  epidemic  of  small-pox,  and  every  one  becomes 
suddenly  willing  to  take  advantage  of  vaccination. 
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Want  of  uniformity  in  the  weight  of  a  loaf  of  bread  by  different  baken 
has  led  the  board  to  call  the  attention  of  the  dealers  to  the  law,  and  give 
notice  of  its  enforcement  after  Feb.  20,  1899. 

We  ought  to  employ  a  properly  qualified  specialist  to  visit  our  public 
schools  occasionally  and  detect  the  optical  defects  in  pupils,  or  else  pro- 
vide simple  instruction  for  our  teachers  so  that  they  may  do  it  themselves. 

Wakefield. 

The  town  has  been  fortunate  during  the  last  twelve  months  in  the  small 
amount  of  sickness  and  the  absence  of  any  considerable  epidemic  of  dis- 
ease. 

The  board  would  urge  the  necessity  for  the  early  establishment  of  a 
sewer  for  at  least  the  business  portion  of  the  town.  The  method  of  dis- 
posal of  sewage  in  the  centre  of  the  town  is  in  the  opinion  of  this  board  a 
menace  to  public  health  and  entirely  unfit  and  discreditable  to  such  a  com- 
munity as  ours. 

Walpole. 

The  work  of  inspecting  tenements  and  other  places  in  regard  to  draio- 
age  and  general  sanitary  conditions,  as  contemplated  the  first  of  the  year* 
has  been  done,  and  about  125  buildings  have  been  inspected.  Many  were 
found  in  good  condition,  and  in  others  the  owners  were  generally  willing 
to  correct  all  defects. 

Waltham. 

Thanks  to  the  slight  amount  of  contagious  disease  that  it  had  to  meet 
in  this  year,  the  board  has  in  the  face  of  its  extremely  small  appropriatioa 
been  able  to  fulfil  its  duties  in  such  a  way  that  no  serious  detriment  hss 
occurred  to  its  efficiency,  yet  in  many  respects  the  work  of  the  board  has 
not  been  all  that  might  be  wished.  This  is  true  particularly  in  the  work  of 
inspection  of  dairies,  sources  of  milk  supply,  bakeries,  which,  being  so 
scattered  in  extent  and  demanding  such  frequent  inspection  on  account  of 
the  nature  of  the  business  carried  on  in  such  places,  make  it  impossible 
that  one  man  with  other  duties  of  this  board  to  attend  to  can  do  all  the 
work  that  would  be  necessary  if  this  part  of  the  work  were  carried  out  in 
the  best  possible  manner. 

This  year  the  board  deemed  it  reasonable  and  necessary  to  pass  a  role 
regarding  the  deposit  of  sputum  in  public  conveyances,  and  on  April  1 
passed  such  a  rule  in  conformity  to  similar  rules  enacted  by  the  boards  of 
health  of  neighboring  cities  and  towns. 

Another  rule  was  passed  regarding  offensive  trades  on  October  25.  The 
necessity  of  this  order  was  called  to  the  board's  attention  by  the  boards  of 
health  of  neighboring  towns  and  cities  which  had  passed  similar  rnlei 
lately,  and  became  necessary  owing  to  the  proposed  location  of  a  Urge 
rendering  establishment  near  the  source  of  our  water  supply. 
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The  general  health  of  the  commanity  has  been  excellent ;  the  contagious 
cases  have  reached  the  minimnm  that  has  occurred  since  1891. 

During  the  year  447  cultures  have  been  taken  and  examined  for  the 
presence  of  the  diphtheria  bacillus.  Of  these,  104  were  positive  and  378 
negative.  The  low  mortality,  6^  per  cent.,  can  be  ascribed  only  to  the 
very  general  and  early  use  of  antitoxin,  which  has  been  freely  furnished  by 
the  State  Board  of  Health. 

Seventy-four  specimens  of  sputa  have  been  examined  for  the  presence  of 

tubercle  bacilli,  of  which  26  were  positive   and  48   negative.      Several 

houses  occupied  by  tubercular  patients  have  been  disinfected  at  the  request 

of  the  attending  physician. 

Ware. 

Early  recognition  and  report  to  the  board  of  all  cases  of  contagious  dis- 
ease must  be  had.  The  agent  of  the  board  has  recently,  by  our  request, 
been  appointed  by  the  selectmen  a  special  police  officer  for  securing  com- 
pliance with  health  laws  and  regulations,  and  for  enforcing  the  orders  of 
the  board  respecting  contagious  diseases  and  its  quarantine. 

Watertown. 
The  board  publishes  a  code  of  its  health  regulations,  revised  to  1898. 

Wellesley. 

The  board  of  health  should  be  entirely  separated  from  the  selectmen  of 

the  town,  and  be  composed  of  three  members,  one  lawyer,  one  business 

man  and  one  physician. 

Whitman. 

The  past  year  has  again  been  a  remarlcably  fortunate  one  as  regards  con- 
tagious diseases,  comparing  favorably  with  last  year,  which  was  the  best 
ever  known  in  this  respect. 

The  odorless  excavator  still  continues  to  pay  a  good  margin  over  all 

expenses. 

Winchester. 

At  no  time  within  the  last  five  years  have  we  been  able  to  report  so 
favorably  upon  the  health  of  the  town.  Contagious  diseases  of  the  severer 
type  have  been  very  few  as  compared  with  previous  years. 

Measles,  the  mildest  of  all  eruptive  diseases,  has  had  an  extensive  run 
among  our  school  children,  and  while  the  physicians  have  been  most  prompt 
in  reporting  all  cases  coming  under  their  care,  many  cases  have  occurred  in 
families  where  no  medical  aid  was  called,  and  the  cases  not  reported  to  the 
board  of  health. 

During  the  past  year  every  house  within  which  any  contagious  disease 
has  been  reported  has  been  fumigated  with  formaldehyde. 

With  a  population  of  about  7,000  we  have  had  a  death-rate  of  less  than 
1  per  cent.,  the  whole  number  of  deaths  during  the  year  being  only  65. 
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WiNTHROP. 

The  number  of  houses  connected  with  the  public  sewer  the  past  year 
was  71. 

The  number  and  variety  of  complaints  made  to  the  board  the  past  season 
were  much  the  same  as  previous  seasons,  except  that  we  had  but  few  com* 
plaints  about  the  collection  of  house  offal.'  All  complaints  were  promptly 
investigated,  and  nuisances  ordered  abated. 

The  number  of  cases  of  infectious  diseases  reported  to  the  board  during 
the  year  is  remarkably  small,  with  the  exception  of  a  larger  number  of 
cases  of  typhoid  fever  than  is  usual ;  this  increase  in  typhoid  cases  can,  no 
doubt,  be  attributed  to  the  return  to  our  town  and  to  Boston  of  many 
soldiers  suffering  with,  or  convalescing  from,  attacks  of  typhoid  fever. 

WOBURN. 

The  sanitary  condition  of  the  city  of  Wobum  for  the  year  1898  was 
better  than  any  year  in  the  history  of  the  city. 

In  the  record  of  contagious  diseases  for  the  last  three  years  the  use  of 
antitoxin  has  been  an  important  factor  in  diminishing  the  fatality  of  such 
cases  to  the  minimum. 

One  thing  to  be  particularly  noticed  is  the  unusually  small  number  of 
deaths  among  children  of  school  age  between  the  ages  of  five  and  fifteen 
years,  which  has  been  only  4. 

Worcester. 

Last  year  in  our  annual  report  we  recommended  that  a  second  bath-house 
be  constructed  for  the  use  of  men  and  boys,  and  that  the  one  then  used  by 
them  be  given  to  the  use  of  women  and  girls  exclusively.  In  accordance 
with  that  recommendation  the  city  council  appropriated  (3,500  for  its  con- 
struction.    It  was  not  completed,  however,  until  late  in  the  season. 

The  practice  of  the  previous  year  was  followed  in  setting  apart  one  full 
day  each  week  for  the  use  of  women  and  girls,  and  giving  them  a  few  hours 
in  the  early  morning  of  each  day  also  until  the  new  house  was  finished. 
Total  number  of  bathers  for  season,  25,100. 

Too  much  cannot  be  said  in  praise  of  this  form  of  exercise  and  recrea- 
tion, and  in  our  judgment  it  would  be  wise,  if  it  were  possible,  to  extend 
it  so  that  it  might  be  indulged  in  during  the  entire  year. 

These  all-the-year-round  bath-houses  have  been  in  use  in  the  cities  of 
Europe  for  a  number  of  years  and  latterly  have  met  with  favor  in  several 
cities  of  this  country.  Wherever  introduced  they  have  given  satisfactkmt 
and  it  is  our  earnest  hope  that  the  day  is  not  long  distant  when  they  may 
be  introduced  here. 

One  hundred  cases  of  typhoid  fever  were  reported  in  1897,  but  this  year 
shows  a  considerable  falling  off  from  the  number  reported  then,  as  bat  SI 
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were  reported  daring  the  year  just  closed.  This  is  especially  gratifying, 
as  sanitarians  have  agreed  that  the  prevalence  or  non-prevalence  of  this 
disease  shows  more  clearly  than  anything  else  the  sanitary  condition  of  the 
oommanity. 

It  is  also  very  gratifying  because  it  was  expected  that,  owing  to  the  war 
and  the  amount  of  this  disease  that  prevailed  among  the  troops  in  the  field, 
the  disease  would  be  spread  by  returning  soldiers. 

Notwithstanding  the  fact  that  Worcester  had  more  than  its  quota  of 
soldiers  in  the  war,  and  also  that  several  of  them  returned  suffering  with 
this  disease,  it  is  a  cause  for  congratulation  that  we  are  able  to  make  so 
good  a  report. 

Two  outbreaks  during  the  closing  months  of  the  year,  the  one  of  diph- 
theria and  the  other  of  scarlet  fever,  both  of  which  are  due  in  our  opinion 
to  unrecognized  cases  of  these  diseases  in  attendance  at  school,  emphasize 
the  necessity  of  establishing  a  system  of  medical  inspection  in  the  schools 
of  the  city.  * 

The  board  of  health  recommends  that  medical  inspection  of  schools  be 
commenced  at  once  in  the  schools  of  Worcester. 
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Consumption  of  water  In 417 

Water  supply  of,  examination  of 190 

Examinatlonof  water  of  Buckmaster  Pond 100 

Deerfleld  River,  examination  of  water  of 895 

Advice  of  Board  relative  to  use  of,  as  a  source  of  ice  supply 127 

Diarrhoea,  mortality  from  (tables) 792, 796 

Diarrhoeal  diseases,  weekly  summary  of  deaths  from 766 

Diphtheria  and  croup,  prevalence  of zx 

MortaUty  from  (tables) 792,796,807 

Reported  cases  of -762,769 

Weekly  summary  of  deaths  from 759 

Diphtheria  antitoxin,  report  upon  the  production  and  use  of 7^4 

Amount  of,  distributed  from  April  1, 1898,  to  March  31, 1899 727 

List  of  cities  and  towns  ftom  which  reports  were  received  relative  to  use  of  .       .  729 

Cases  in  which  a  bacterial  examination  was  made 790 

Summaryof  the  four  years  ending  March  SI,  1899 TO 

Cases  in  which  no  bacterial  examination  was  made 721 

SequelsB 7S 

Operations 735 

General  summary,  1895-1898 716 

Number  of  diphtheria  cultures  examined  during  the  year  ending  March  SI, 

1899 738 

Persistence  of  diphtheria  bacilli  in  the  throats  of  patients  eonvalesoent  from  diph- 
theria          740 

Relation  of  clinical  to  bacteriological  diagnosis 741 

Dracut,  health  of 835 

Drinking  waters,  methods  for  the  determination  of  lead,  tin,  zinc  and  copper  in  .       .  577 

Drugs :    (See  Food  and  Drug  Inspection.) 

Adulteration  of 684 

Inspection  of ,.  7U 

Work  of  Board  relating  to zxrS 
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DiULbQry,  health  of 885 

Djgenterj,  preyalenoe  of xxii 

Mortality  from  (tables) 792,  796,  808 

East  Brldgewater,  consumption  of  water  in  (see  Bridgewater) 417 

Water  snpply  of  (see  Bridgewater) 101 

Easthampton,  water  supply  of 191 

Easton,  North  Easton  Village  District,  consumption  of  water  in 417 

Water  supply  of,  examination  of 192 

Enfield,  advice  of  Board  relative  to  a  proposed  water  snpply 10 

Examination  of  water  from  various  sources  with  reference  to  a  proposed  water 

supply 192 

Erysipelas,  mortality  from  (tables) 792,  796 

Weekly  summary  of  deaths  fh>m 761 

Everett,  health  of 83d 

Water  supply  of  (see  Metropolitan  Water  District) 193 

Examination  of  rivers 389 

Examination  of  water  supplies 131 

Experiments  upon  the  purification  of  sewage  by  filtration  at  the  Lawrenoe  Experiment 

Station 438-484 

Experiments  upon  the  purification  of  water  by  filtration  at  the  Lawrence  Experiment 

Station 486-537 

Expenditures  of  the  Board,  classified  by  departments xxxvii 

Fairhaven,  consumption  of  water  in 417 

Advice  of  the  Board  relative  to  the  action  of  the  water  of  the  public  water  supply 

upon  lead  pipes H 

Experiments  with  reference  to  the  action  of  the  water  of  the  public  water  supply 

upon  pipes  of  different  metals 570 

Water  supply  of,  examination  of 198 

Fall  River,  health  of 836 

Consumption  of  water  in 417 

Water  supply  of,  examination  of 194 

Falmouth,  advice  of  Board  with  reference  to  condition  of  State  waters  at  Little  Harbor  112 

Filters,  bacterial,  operation  of 460 

Rates  of  operation  of 461 

Effect  of  the  nature  of  filtering  material  upon  results  obtained  by  .                      .  466 

Filtration  of  water.    (See  Water  Filtration.) 

Filtration  of  sewage.    (See  Sewage.) 

Fltchbnrg,  health  of 8Sa 

Examination  of  Nashua  River  at 404, 406 

Water  supply  of 196 

Flour,  inspection  of 707 

Flow  of  streams 426 

Food  and  drug  inspection 677 

Work  of  Board  relating  to xxvili 

Number  of  samples  examined 67^ 

Snmmaiy  of  work  during  the  year 678 

Summary  of  work  of  previous  years 679,680 

Diagram 681 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  milk  .       .  682 
Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  food,  other 

than  milk 682 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  drags        •  688 

Drugs,  adolteration  of 684 

Prosecutions • 687 

Summary 690 
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Food  and  drag  inspection  —  Concluded. 

Fines 68S 

Expenditnres eSS 

Report  npon  analyses  of  food  and  drags,  by  Albert  E.  Leach,  analyst  ...  $97 

Adulterated  milk 697 

Artificially  colored  milk W 

Milk  with  added  presenrative 699 

Local  inspection  of  milk 700 

Milk  from  suspected  producers 702 

Snmmary  of  milk  statistics 702 

Comparatiye  fat  determination  by  Adams-Soxhlet  and  by  Babcock  processes    .  7QS 

Condensed  milk 70S 

Somroary  of  food  statistics 711 

Inspection  of  drags 712 

Summary  of  milk,  food  and  drug  statistics 719 

Milk  of  western  Massachusetts,  report  of  Prof.  C.  A.  Ooessmann  upon  ...  720 

Foxborough  Water  Supply  District,  Foxborough,  consumption  of  water  In         .        .  417 

Water  supply  of,  examination  of 199 

Framingham,  consumption  of  water  in 417 

Sewage  purification  at $(M 

Water  supply  of,  examination  of 199 

Reservoir  No.  2  (Metropolitan  Water  District),  examination  of  water  of       •       .  1S7 

Reserroir  No.  3  (Metropolitan  Water  District),  examination  of  water  of       .       .  151 

Franklin,  consumption  of  water  in 417 

Water  supply  of,  examination  of 200 

French  River,  examination  of,  at  Webster 395 

Qale  Shoe  Manufacturing  Company,  Haverhill,  advice  of  Board  relatiye  to  use  of  water 

of  a  certain  well 17 

Examination  of  water  of  a  well 214 

Gardner,  health  of 8S8 

Consumption  of  water  in 417 

4       Sewage  purification  at 621 

Water  supply  of,  examination  of 301 

General  report  of  Board vii 

Georgetown,  examination  of  water  of  Bald  Pate  Pond,  Boxford,  with  reference  to  its  use 

as  a  source  of  water  supply 172 

Ginger,  inspection  of 709 

Gloucester,  consumption  of  water  in 417 

Sewage  disposal  of,  adrice  of  Board 80 

Water  supply  of,  examination  of 2D1 

Goessmann,  Prof.  C.  A.,  report  upon  milk  of  westera  Massachusetts    ....  730 

Grafton,  consumption  of  water  in 417 

Water  supply  of,  examination  of 901 

Granville,  examination  of  water  of  Tillottson  Brook SU 

Great  Barrington,  health  of 839 

Greenfield,  health  of 840 

Water  supply  of,  examination  of KB 

Groton,  advice  of  Board  relative  to  a  proposed  water  supply 12 

Consumption  of  water  in 417 

Water  supply  of,  examination  of 304 

Groveland,  examination  of  water  of  Johnson's  Pond      •••••..  211 

Hanson,  examination  of  water  of  Maquam  Pond 3K 

Harvard,  adTioe  of  Board  relative  to  the  use  of  the  water  of  a  public  well     •        •       •  U 
Examination  of  water  of  a  public  well  with  reflsrenoe  to  its  ase  for  drinking  pur- 
poses           2PT 
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Hatfield,  tewage  disposal  of,  adyioe  of  Board 81 

Water  supply  of,  examlnatioii  of 207 

Haverhill,  health  of 840 

AdTioe  of  Board  relative  to  prevalence  of  typhoid  fever  Id,  and  its  connection  with 

the  public  water  sapply 13 

Advice  of  Board  relative  to  nse  of  water  of  certain  wells  on  the  Whittier  Place     .  17 

Examinationofwaterof  certain  wells  on  the  Whittier  Place 213 

Examination  of  water  of  Merrimack  River  at 402 

Water  supply  of,  examination  of      ...   < 208 

Statistics  regarding  various  sources  of 208 

Haverhill,  Gate  Shoe  Manufacturing  Company,  advica  of  Board  relative  to  the  nse  of 

water  of  a  certain  well 17 

Examination  of  water  of  a  well 214 

Health  of  towns xxvlii,  831 

Heart  diseases,  mortality  from  (tables) 792,  796,  809 

Height  of  water  in  Sadbnry  Reservoir  (Metropolitan  Water  District)  ....  150 

Hingham,  sewage  disposal  of,  advice  of  Board 82 

Water  supply  of,  advice  of  Board 19, 21 

Examination  of, 214 

Hinsdale  Fire  District,  Hinsdale,  water  supply  of,  examination  of       ...       .  218 

Holbrook,  consumption  of  water  in  (see  Randolph) 418 

Water  supply  of  (see  Randolph)       .       .       .  • 219 

Holden,  examination  of  water  of  Quinepoxet  River  at  (Metropolitan  Water  District)  .  137 

Of  Tatnuck  Brook  storage  reservoir 377 

HoUiston,  water  supply  of,  examination  of 219 

Holyoke,  health  of 841 

Milk  of 720 

Advice  of  Board  relative  to  ice  supply 124 

Sewage  disposal  of,  advice  of  Board 83 

Water  supply  of,  examination  of 220 

Honey,  inspection  of 707 

Hoosac  River,  examination  of 395 

At  North  Adams 397 

At  Williamstown 397 

Hopedale,  consumption  of  water  in  (see  Milford) 418 

Hopklnton  Reservoir  (Metropolitan  Water  District),  examination  of  water  of      .       •  153 

Housatonic  River,  examination  of    ....       • 396 

At  New  Lenox 400 

AtPittsfleld 898 

Hudson,  health  of 842 

Advice  of  Board  with  reference  to  a  proposed  additional  water  supply   ...  22 

Examinationofwaterof  Assabet  River  below 384 

Water  supply  of,  examination  of 224 

Hull,  water  supply  of  (see  Hingham) 228 

Huntington,  advice  of  Board  relative  to  a  proposed  water  supply 24 

Examination  of  water  ttom  various  sources  with  reference  to  a  proposed  water 

supply 228 

Hyde  Park,  health  of 843 

Consumption  of  water  in 417 

Examination  of  Neponset  River  at 407 

Hyde  Park  and  Milton,  water  supply  of,  examination  of 229 

Hydrophobia,  mortality  from 795 

Ice  supplies,  action  of  Board  in  regard  to  applications  for  advice  concerning        •       •  123 

Infant  mortality  in  Massachusetto,  1891-1897 801 

Of  cities 802 

Of  towns 804 
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InfectloQS  diBeases,  preTalenoe  of,  in  Massachusetts tiii 

Smallpox,  prevalence  of iz 

Cases  of,  reported  to  Board  in  1898 z 

Preyalence  of,  in  other  States zil 

Typhoid  feyer,  preralence  of zil 

Deaths  and  death  rates  from,  in  Massachusetts  dtiea  (tables)      ....  zlii,  zir 

Circular  relating  to zr 

Cases  of,  reported  weekly  to  the  Board zz 

Diphtheria  and  croup,  prevalence  of •       .       •  zx 

Consumption,  prevalence  of zzi 

Dysentery,  prevalence  of zzii 

Notification  of zxiil 

Cases  of,  reported  to  the  Board,  1898 758 

Cases  of,  reported  to  local  boards  of  health,  1898 76S 

Influenza,  mortality  from  (tables) 792, 796 

Inspection  of  food  and  drugs.    (See  Food  and  Drug  Inspection.) 

Investigation  of  the  action  of  water  upon  lead,  tin  and  zinc,  with  especial  reference 

to  the  use  of  lead  pipes  with  Massachusetts  water  supplies   ....  Ml 

Ipswich,  health  of 64S 

Consumption  of  water  in 417 

Water  supply  of,  examination  of S30 

Iron,  action  of,  in  filters 4S8 

Kidney  diseases,  mortality  from  (tables) 79S,  796, 809 

Kingston,  experiments  with  reference  to  the  action  of  the  water  of  the  public  water 

supply  upon  pipes  of  different  metals 571 

Water  supply  of ,  examination  of 232 

LakevUle,  examination  of  water  of  Assawompsett  Pond Sll 

Of  Elder's  Pond Si2 

Of  Great  Quittacas  Pond 288 

Of  Little  Quittacas  Pond 2S7 

Of  Long  Pond 288 

Lancaster,  examination  of  Nashua  River  at 40) 

Water  supply  of  (see  Clinton) 232 

Lard,  inspection  of 797 

Lawrence,  consumption  of  water  In 41* 

Advice  of  Board  relative  to  capacity  of  dtj  filter 26 

Water  supply  of,  examination  of 2S 

Merrimack  River  at,  examination  of  water  of  •       .       • 2SI 

Experiments  upon  purification  of 4S6 

Filtration  of  Lawrence  sewage 4SS 

Deaths  from  typhoid  fever  at,  1887-1898  (table) 4SS 

Lawrence  dty  filter,  operation  of,  with  tables  of  daily  results 466 

Advice  of  Board  relative  to  capacity  of 26 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1888      •        •        .       .  433-SSr 

Leach,  Albert  E.,  report  of,  upon  food  and  drugs 697 

Lead  pipes,  investigation  of  the  action  of  water  on 5tl 

Lead  poisoning,  investigations  of  the  Board  relating  to zzsii 

Lead,  tin,  zinc  and  copper,  methods  for  the  determination  of,  in  drinking  waters        •  57T 

Lee,  sewage  disposal  of,  advice  of  Board 86 

Water  supply  of,  examination  of •••  SS 

Leicester,  examination  of  water  of  Kent  Reservoir STl 

Of  Lynde  Brook  storage  reservoir £? 

Sewage  purification  at CC 

Leicester  Poor  Farm,  Leicester,  sewage  disposal  of,  advice  of  Board     •        •       .       .  ^ 
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Leicester  Water  Supply  District,  Leicester,  water  supply  of,  examination  of       •       •  236 

Lenox,  water  sapply  of,  adylce  of  Board.       •••.•••.•  28 

Examination  of 236 

Leominster,  health  of 848 

Water  supply  of,  examination  of 237 

Leprosy,  mortality  from 795 

Lexington,  consumption  of  water  in 417 

Advice  of  Board  relatlTO  to  ice  supply 125 

Sewage  disposal  of,  advice  of  Board 87 

Water  supply  of,  examination  of 248 

Leyden,  Olen  Brook  storage  reservoir,  examination  of  water  of 208 

Life  table,  for  Massachusetts.    (See  Massachusetts  Life  Table.) 

Lincoln,  health  of •       •  843 

Water  supply  of  (see  Concord) 247 

Longmeadow,  consumption  of  water  in 417 

Sewage  disposal  of,  advice  of  Board  .       • 91 

Water  supply  of,  examination  of 247 

Lowell,  health  of 844 

Consumption  of  water  in 417 

Experiments  with  reference  to  the  action  of  the  water  of  the  public  water  supply 

upon  pipes  of  different  metals 573 

Water  supply  of,  examination  of 247 

Examination  of  Merrimack  River  at •  248 

Ludlow,  examination  of  water  of  Chapin  Pond .  835 

Sewage  disposal  of,  advice  of  Board 92 

Water  supply  of  (see  Springfield) 250 

Ludlow  Manufacturing  Company,  Ludlow,  advice  of  Board  relative  to  sewage  disposal 

ofLudlow 92 

Ludlow  Reservoir,  Ludlow,  examination  of  water  of 333 

Jjang  diseases,  acute,  weekly  summary  of  deaths  from 758 

Lyman  School  for  Boys,  Westborough,  water  supply  of,  advice  of  Board     .       .       •  30 

Lynn,  health  of 845 

Advice  of  Board  relative  to  prevalence  of  typhoid  fever  in 31 

Lynn  and  Sangus,  consumption  of  water  in     • 417 

Water  supply  of,  examination  of       • 251 

Statistics  relating  to  the  difSuent  sources  of  • 251 

Mace,  inspection  of 709 

Malaria,  report  upon  work  of  the  Board  relating  to «       •  746 

Malarial  fever,  mortality  from  (tables) 792,  796 

Weekly  summary  of  deaths  from •       •       •  761 

Advice  of  Board  relative  to  prevalence  of ,  at  Middleborough 113 

Maiden,  health  of 845 

Water  supply  of,  examination  of  (see  also  Metropolitan  Water  District)       .       .  262 

Malignant  carbuncle,  mortality  from 795 

Manchester,  consumption  of  water  in 417 

Water  supply  of,  examination  of       . 264 

Mansfield  Water  Supply  District,  Mansfield,  consumption  of  water  in  •       .       .       .  417 

Water  supply  of,  examination  of 264 

Manual  of  health  hiws xxix 

Maple  sugar,  inspection  of 707 

Maple  syrup,  inspection  of 707 

Marblehead,  health  of 846 

Consumption  of  water  in 418 

Water  supply  of,  advice  of  Board 87 

Examination  of • 264 
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Marblebead  Water  Corapany,  Swampscott,  water  supply  of,  examination  of        .       .  338 

Marlborough,  health  of S46 

ConBumption  of  water  in 418 

Examination  of  water  of  Walker's  Brook  (Metropolitan  Water  District)       .       .  13S 

Sewage  disposal  of,  adyioe  of  Board  • 94 

Sewage  poriflcation  at 83S 

Water  supply  of,  examination  of S65 

Marriages  in  Massachusetts,  1897 799 

By  months  (table) 799 

Marshfleld,  Brant  Rock,  water  snpply  of,  examination  of 271 

Massacbosetts  life  table  based  npon  the  experience  of  the  five-year  period  1883-97   .  799, 810 

Number  of  snryirors  at  different  ages  of  life  oat  of  10,000  bom        ....  818 

Diagram 819 

Tables 822-827 

Massachusetts  School  for  the  Feeble-minded,  advice  of  Board  relative  to  the  tak- 
ing of  certain  lands  In  Templeton  for  the  location  of  a  colony  from  the 

school 128 

Massachusetts,  vital  statistics  of.    (See  Vital  Statistics.)    . 

Maynard,  consumption  of  water  in 418 

Examination  of  Assabet  Riter  at S^3 

Water  supply  of,  examination  of 271 

Measles,  mortality  from  (tables) 792, 796, 807 

Reported  cases  of 762, 769 

Medfleld,  examination  of  water  from  a  spring  used  as  a  source  of  water  anpplj  .       .  272 

Sewage  purification  at 646 

Med  field  Insane  Asylnm,  Medfleld,  water  supply  of,  examination  of    ...       .  273 

Medford,  health  of 846 

Consumption  of  water  in 4b 

Water  snpply  of,  advice  of  Board 83 

Examination  of  (see  also  Metropolitan  Water  District) 273 

Melrose,  health  of 816 

Water  supply  of  (see  Metropolitan  Water  District) 274 

Merrimack  River,  examination  of  (see  also  Lawrence  and  Lowell)        •        •        .       .  iV^ 

At  HaverhiU 402 

At  Lawrence 331 

At  Lowell 24$ 

Average  weekly  flow  of,  1898 427 

Experiments  upon  purification  of  water  of 4Si 

Methuen,  consumption  of  water  in 41S 

Water  snpply  of,  examination  of 274 

Metropolitan  Sewerage  Commission,  advice  of  Board  relative  to  overflows  and  regu- 
lators for  the  Neponset  valley  metropolitan  sewer % 

Metropolitan  Water  Board,  advice  of  Board  relative  to  a  proposed  system  of  sewerage 

.for  Clinton M 

Metropolitan  Water  District,  consumption  of  water  in 417 

Water  snpply  of,  examination  of      .       -       • US 

Description  of 133 

Population  of  cities  and  towns  inclnded  in 136 

Statistics  relating  to 131 

Examination  of  water  of  Qninepoxet  River  in  Holden Ij; 

Stillwater  River  in  Sterling Ij; 

Nashua  River,  South  Branch  of,  above  Clinton 1:^ 

Walker's  Brook,  Marlborough IS 

Sudbury  Reservoir 13 

Stony  Brook  at  head  of  Framingham  Reservoir  No.  3,  Soathborotigh         •       .  K' 

Framingham  ReservoicNo.  8,  Framingham Ui 
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Metropolitan  Water  District— Con«/tfd«J. 

Examination  of  water  of  Indian  Brook  at  bead  of  Hopkinton  Reservoir      •       •  152 

Hopkinton  Reserroir 163 

Cold  Spring  Brook  at  head  of  Ashland  Reservoir 154 

Ashland  Reservoir 155 

Sudbury  River  at  head  of  Framingham  Reservoir  No.  2 156 

Framingbam  Reservoir  No.  2,  Framingham 157 

Lake  Cochltuate  in  Way  land 158 

Sudbury  Aqaeduct  at  Chestnut  Hill  Reservoir 159 

Spot  Fond,  Stonebam 160 

Faucet  at  State  House,  Boston 160 

Height  of  water  in  Sudbury  Reservoir 150 

Middleboruugh,  health  of 847 

Consumption  of  water  in 418 

Advice  of  Board  relative  to  the  pollution  of  the  Nemasket  River,  and  the  preva- 
lence of  malarial  fever  in  that  town         113 

Examination  of  Nemasket  River  at 406 

Middleborough  Fire  District,  Middleborough,  water  supply  of,  examination  of    .       .  275 

Middleton,  consumption  of  water  in 417 

Water  supply  of  (see  Danvers) 275 

Milford,  health  of 847 

Examination  of  Charles  River  at 393 

Milfbrd  and  Hopedale,  consumption  of  water  in 418 

Milk,  report  of  analyst  upon 697 

Adulterated 697 

Milk  preservatives 699 

Inspection  of 697 

From  cities,  700 ;  firom  towns,  701 ;  from  suspected  producers     ....  702 

Summary  of  milk  statistics 702 

Milk,  condensed,  inspection  of  • .  703 

Millbury,  water  supply  of,  examination  of 276 

Miller's  River,  examination  of  water  of,  at  Orange 403 

Millis,  water  supply  of,  examination  of 276 

Millville,  examination  of  BUckstone  River  at 388,  389,  392 

Milton,  consumption  of  water  in 418 

Water  supply  of,  (see  Hyde  Park) 276 

Mittineague  (Agawam),  advice  of  Board  reUtive  to  a  proposed  water  supply      .       .  4 

Examination  of  water  of  a  spring  with  reference  to  a  proposed  water  supply        .  163 

Molasses,  inspection  of 707 

Monson,  water  supply  of,  examination  of 276 

Montague,  milk  of 721 

Consumption  of  water  in 418 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of     .       .       .  277 

Montrose,  examination  of  Saugus  River  at 259 

Mortality  reports : 

Statistics  of  disease  and  mortality •  751 

Summary  of  weekly  reports  of  cities  and  towns 753 

Total  deaths 7.^6 

Deaths  of  children  under  five  years 756 

Consumption 757 

Acute  lung  diseases 758 

Diarrhoeal  diseases 758 

Typhoid  fever 759 

Diphtheria  and  croup 759 

Scarlet  fever 760 

Cerebro-spinal  meningitis 760 

Whooping-cough,  malarial  fever,  erysipelas  and  puerperal  fever    ....  761 
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Mastard,  Inspection  of 709 

Myxoedema,  mortality  from TSt 

Nshant,  consumption  of  water  in  (see  Swampsoott) 41S 

Water  supply  of  (see  Swampscott) 277 

Nantucket,  consumption  of  water  in 418 

Water  supply  of,  examination  of S78 

Nashua  River,  examination  of 404 

North  Branch,  above  Fitcbburg 404 

North  Branch,  below  Fltchburg 405 

North  Branch,  at  Lancaster 40S 

South  Branch,  at  Lancaster 405 

South  Branch,  above  Clinton  (Metropolitan  Water  District) IS8 

Natick,  consumption  of  water  in 418 

Advice  of  Board  relative  to  a  proposed  water  supply 39 

Sewage  purification  at 650 

Water  supply  of,  examination  of 2S0 

Needham,  consumption  of  water  in •       •       .       •       .  41S 

Advice  of  Board  relative  to  proposed  additional  water  supply        •       •       .       .  41 

Water  supply  of,  examination  of 284 

Nemasket  River,  advice  of  Board  relative  to  pollution  of,  at  Middleborongh       .       .  113 

Examination  of,  at  Middleborough 406 

Neponset  River,  examination  of,  at  Hyde  Park 407 

New  Bedford,  health  of 847 

Consumption  of  water  in 418 

Experiments  with  reference  to  the  action  of  the  water  of  the  public  water  supply 

upon  pipes  of  different  metals •        •       •  67$ 

Water  supply  of,  examination  of 2S6 

Newbnryport,  consumption  of  water  in 418 

Water  supply  of,  examinatiun  of 288 

Newton,  health  of 8l8 

Consumption  of  water  in 41S 

Examination  of  Charles  River  at 894 

Water  supply  of,  examination  of 289 

North  Adams,  health  of 849 

Advice  of  Board  relative  to  ice  supply  of 123, 127 

Examination  of  water  trom  various  sonroes  with  reference  to  ice  supply       .       ,  291 

Examination  of  Hoosac  River  at 897 

Water  supply  of ,  examination  of 290 

Northampton,  milk  of 721 

Advice  of  Board  relative  to  the  sewage  disposal  of  a  certain  mill  in  that  city  •       .  102 

Water  supply  of,  examination  of 293 

North  Andover,  advice  of  Board  relative  to  a  proposed  water  supply    •       .        .       .  43 

Advice  of  Board  relative  to  use  of  lead  for  service  pipes 44 

Water  supply  of,  examination  of      .       • 29S 

North  Attleborough,  consumption  of  water  in 418 

Water  supply  of,  examination  of 29B 

North  borough,  advice  of  Board  relative  to  condition  of  the  sewer  beds  at  Wettboroogfa  119 

Water  supply  of,  examination  of 29$ 

North  Brookfield,  consumption  of  water  in 418 

Sewage  purification  at        •       •       « G83 

Water  supply  of,  examination  of 297 

North  Easton  Village  District,  Easton,  water  supply  of,  examination  of      .       .       .  ISS 

Northfield,  advice  of  Board  relative  to  a  proposed  water  snpply 48 

Examination  of  water  of  Warwick  and  Minot  brooks  with  reference  to  a  propotad 

water  supply 29 
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Norwood,  health  of 850 

Consamption  of  water  in 418 

Water  sapplj  of,  examination  of 300 

NotlflcationofiDfectioaBdiseaies • xxiii 

Nutmeg,  inspection  of •  709 

Of&nsiTe  trades zxyii 

Onset  Bay  Fire  District,  Wareham,  consamption  of  water  in 418 

Water  supply  of,  examination  of 348 

Orange,  milk  of 721 

Consamption  of  water  in 418 

Examination  of  Miller's  River  at 403 

Water  supply  of,  examination  of 301 

Palmer,  health  of 80O 

Palmer  Fire  District,  Palmer,  water  supply  of,  examination  of 303 

Paper  mill,  purification  of  waste  liquor  from 465 

Paxton,  examination  of  water  of  Bottomly  Pond 376 

Peabody,  consumption  of  water  in 418 

Water  supply  of,  examination  of 304 

Pembroke,  examination  of  water  of  Big  Sandy  Pond 161 

Of  Oldham  Pond         . 807 

Of  Silver  Lake 306 

Pepper,  inspection  of 709 

Pepperell,  advice  of  Board  relative  to  a  proposed  water  supply 46.  48 

Examination  of  water  from  various  sources  with  reference  to  water  supply  •       .  307 

PhlUlpston,  examination  of  water  firom  storage  reservoir  at 168 

Pittstield,  health  of 850 

Examination  of  Housatonic  River  at 398 

Water  supply  of,  examination  of 308 

Plymouth,  water  supply  of ,  examination  of 310 

Pneumonia,  mortality  from  (tables) 792,  796,  809 

Pollution  of  ponds,  streams  and  other  bodies  of  water,  action  of  Board  in  regard  to 

applications  oonceming m 

Population  of  Massachusetts,  1897 799 

Of  cities  and  large  towns,  estimated  for  1898 782 

By  age  periods,  1895 811 

Of  cities  and  towns  having  and  not  having  public  water  supplies    ....  416 

Pownal,  Vt.,  examination  of  water  of  Broad  Brook 291 

Powow  Hill  Water  Company,  Amesbnry,  water  snpply  of,  examination  of  .       .       .  164 

Prosecutions 687 

Provincetown,  consumption  of  water  in 418 

Water  snpply  of,  examination  of 311 

Pnerperal  fever,  mortality  firom  (tables) 792,  796 

Weekly  summary  of  deaths  from 761 

Purification  of  sewage  and  water.    (See  Sewage,  Experiments  upon  Filtration  of ;  and 

Water,  Experiments  upon  Filtration  of.) 

Purification  of  sewage  of  cities  and  towns  in  Massachusetts 589 

Quincy,  consumption  of  water  in 418 

Water  supply  of,  examination  of 813 

Quinebang  River,  examination  of,  below  Soathbridge 407 

Qninepoxet  River,  examination  of  water  of,  at  Holden  (Metropolitan  Water  District)  .  137 

Rainfall,  normal,  in  Massachusetts 419 

At  nine  places  in  Massachusetts,  geographically  selected 420 

Randolph  and  Braintree,  examination  of  water  of  Qreat  Pond 316 
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RaDdolph  and  HoIbrook»  consumption  of  water  in 418 

Water  snpply  of,  examination  of 315 

Reading,  consamption  of  water  in    . 418 

Water  snpplj  of,  examination  of 316 

RecommendationB  of  the  Board  to  the  LegisUtore xzxTfii 

Beyere  and  Winthrop,  consamption  of  water  In 418 

Water  supply  of,  examination  of  (see  also  Metropolitan  Water  DUtriot)        •       .  318 

Riyers,  examination  of 383 

Flow  of  (see  also  Sndbary  and  Merrimack  Riyers) 426 

Rhode  Island,  State  Board  of  Health  of,  advice  of  Board  relatiye  to  pollation  of  Ten 

MileRiyer 117 

Robbins  Spring  Water  Company,  Arlington,  adyice  of  Board  relatiye  to  protection  of 

the  parity  of  certain  springs 5 

Examination  of  water  of  springs  of  the 167 

Rockland,  health  of 851 

Consamption  of  water  in  (see  Abington) 417 

Water  snpply  of  (see  Abington) 319 

Rockport,  consumption  of  water  in  •       . 418 

Water  supply  of,  examination  of       .     *  •       .     ' 320 

Routine  work  of  the  Board xxxir 

Rowley,  advice  of  Board  relative  to  use  of  water  of  certain  wells 49 

Examination  of  water  from  certain  wells  in 322 

Rutland,  consamption  of  water  in '  .        .        .       •  418 

Water  supply  of,  examination  of 322 

Salem,  health  of 851 

Consumption  of  water  in    ....       • 418 

Salem  and  Beverly,  water  supply  of,  examination  of 323 

Salisbury  Plain  River,  examination  of  water  of,  at  Brockton 408 

Saagus,  consumption  of  water  in  (see  Lynn) 417 

Examination  of  water  of  Saugns  River  at 260 

Water  supply  of  (see  Lynn) 326 

SangnsRiver,  examination  of  water  of,  at  Montrose 259 

At  Saugns SSO 

At  line  between  Saugns  and  Wakefield 260 

Scarlet  fever,  mortality  from  (tables) 792. 796, 807 

Reported  cases  of 762,769 

Weekly  summary  of  deaths  from 760 

Septic  treatment  of  sewage 433 

Sewage : 

Experiments  upon  filtration  of,  at  Lawrence  Experiment  Station  ....  433-484 

Purification  of  sewage 431 

Character  and  composition  of  sewage 433 

Fresh,  stale  and  septic  sewage       •       .       .     ' 434 

Septic  tank  system 433 

Application  of  septic  sewage  to  filters 410 

Sludge  in  tubes 413 

Condnsionr  .*.* 443 

Removal  of  organic  matters  in  suspension  by  straining  through  coke         .        ,  4\fi 

Removal  of  sludge  by  straining  through  coal 4.V> 

Bacterial  filters 4B0 

Rates  of  operation  of 43I 

Effect  of  the  nature  of  filtering  material  upon  results  obtained  hy  bacterial 

fillers 4M 

Action  of  iron  in  filters 45§ 

Purification  of  wool  liquor 40 

Tannery  sewage      • 4^1 
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Sewage  —  Concluded, 

Experiments  npon  filtration  of,  at  Lawrence  Experiment  Station  —  Concluded, 

Coke  strainer  receiving  tannery  sewage 464 

Waste  liquor  from  paper  mill 465 

Poiiflcation  of  creamery  waste 466 

Cinders  and  ashes  as  filtering  materials 473 

Operation  of  large  intermittent  filters 474 

Filter  No.  1,  experiments  npon  purification  of  sewage  by  coarse  sand    .       .       .  477 

Analyses  of  sewage  applied  to  fiiter 437 

Average  purification 475 

Filter  No.  2,  experiments  npon  purification  of  sewage  by  fine  sand       .       .       .  478 

Average  purification 475 

Filter  No.  4,  experiments  npon  purification  of  sewage  by  very  fine  sand  wltli 

trenches  filled  with  coarse  sand 479 

Average  purification 475 

Filter  No.  5  A,  experiments  upon  purification  of  sewage  by  fine  gravel .       .       .  4h0 

Average  purification 475 

Filter  No.  5  B,  experiments  upon  purification  of  sewage  by  cinders  and  fine  ashes  481 

Average  purification 475 

Filter  No.  6,  experiments  upon  purification  of  sewage  by  mixed  coarse  and  fine 

sand 482 

Analyses  of  sewage  applied  to  filter 437 

Average  purification 475 

Filler  No.  9,  A,  experiments  npon  purification  of  sewage  by  medium  fine  sand     .  483 

Analyses  of  sewage  applied  to  filter 437 

Average  purification 475 

Filter  No.  10,  experiments  npon  purification  of  sewage  by  mixed  coarse  and  fine 

sand 484 

Average  purification 475 

Sewage  purification  of  dties  and  towns  in  Massachusetts 589 

At  Brockton 590 

At  Framingham  •       • 601 

At  Gardner 621 

At  Leicester 632 

At  Marlborough          .        .     • 636 

At  Medfield         .       .       .       .     • 646 

AtNaUck 650 

At  North  Brookfield 663 

At  Spencer 666 

At  Westborongh 671 

Sewerage  and  sewage  disposal,  action  of  the  Board  in  regard  to  applications  for  advice 

concerning 65 

Sewerage  and  water  supply,  report  upon 3 

Review  of  work  of  Board  relating  to xxx 

Sharon,  consumption  of  water  in 418 

Water  supply  of,  examination  of      .     • .       .     • 327 

SheflSeld,  water  supply  of,  advice  of  Board 51 

Examination  of 327 

Sherbom,  examination  of  water  of  Farm  Pond 273 

8mall-pox,  prevalence  of,  in  Massachusetts iz 

Cases  of,  reported  to-the  Board  in  1898 x 

Prevalence  of,  in  other  States xii 

Mortality  from  (tables) 807 

Reported  cases  of 769 

Somerville,  health  of 852 

Water  supply  of  (see  Metropolitan  Water  District) 828 

Southampton,  examination  of  water  of  Fomar  Reservoir 224 
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Soathborongb,  examination  of  water  of  Stonj  Brook  at  bead  of  Framingbam 

Tolr  No.  3  (Metropolitan  Water  Diatrict) 151 

Sontbbridge,  examination  of  water  of  Qoinebang  Birer  at 407 

Sewage  disposal  of,  advice  of  Board 101 

Water  snpply  of,  examination  of SSB 

Sontb  Hadley  Falls  Fire  District,  Soutb  Hadley,  water  rapply  of,  advioe  of  Board     .  51 

Examination  of< 8S 

Spencer,  water  supply  of,  examination  of S31 

Sewage  poriflcation  at 60S 

Spices,  gronnd,  inspection  of 70S 

Spot  Fond,  Stoneham,  examination  of  water  of  (Metropolitan  Water  District)     .       •  160 

Springfield,  bealtb  of 858 

Milk  of 731 

Sewage  disposal  of,  advice  of  Board 103,106 

Springfield  and  Ludlow,  water  snpply  of,  examination  of 331 

Statistical  summaries  of  disease  and  mortally ^    •       .  751 

Summary  of  tbe  weekly  mortality  reports  firom  dtieS  and  towns    ....  753 

Fatality  (ratio  of  deaths  to  cases)  from  certain  infections  diseases  in  1898     •       .  763 

Certain  infectious  diseases  reported  to  local  boards  of  bealtb  in  1898  ...  782 
Reported  cases  of  infections  diseases  in  Massachusetts  for  1898;  diphtheria  and 

croup,  scarlet  fever,  typhoid  fbver  and  measles 765 

Reported  cases  of  infections  diseases  in  Massachusetts  for  eight  years,  1891-98; 

diphtheria  and  croup,  scarlet  fever,  typhoid  fever  and  measles     •       •       .  766 

Fatality  from  diphtheria  and  croup  in  England  for  1890-97 768 

Fatality  from  diphtheria  and  croup,  scarlet  fever  and  typhoid  fever  in  England 

for  1890-97 768 

Reports  of  diseases  dangerous  to  the  public  health  ftom  cities  and  towns  under  the 

provision8ofchapter302ofthe  Acts  of  1898 769 

Cases  of  infectious  diseases  reported  to  this  Board  from  one  hundred  and  sixty- 
seven  cities  and  towns  during  1898 773 

List  of  towns  from  which  no  reports  were  received 775 

Returns  of  deaths  from  cities  and  towns  having  a  population  of  more  than  B,000  •  777 

Names  of  reporting  towns  and  cities  with  estimated  population  for  1898     •       .  782 

Total  deaths,  deaths  by  sexes  and  age  periods,  and  still-birtbs  (table)        •       .  784 

Deaths  by  months  (table) 788 

Deaths  from  specified  causes  (table) 791 

«    Causes  of  death,  death-rates,  and  percentages  of  total  mortality  (table)      •       •  796 

Statistical  tables  for  the  year  ending  Sept.  80, 1898 xxxv 

Sterling,  examination  of  Stillwater  River  at  (Metropolitan  Water  District)  ...  137 

Still-births  in  cities  and  towns  having  a  population  of  over  5,000  (see  also  Births)       •  784 

Stillwater  River,  examination  of  water  of,  at  Sterling  (Metropolitan  Water  District)  .  137 

Stockbridge,  water  snpply  of,  examination  of 3S7 

Stoneham,  consumption  of  water  in  (see  Wakefield)      ••••••.  418 

Examination  of  water  of  Spot  Pond  (Metropolitan  Water  District)        .       .       •  160 

Water  supply  of  (see  Wakefield) 337 

Stoughton,  consumption  of  water  In 41S 

Water  snpply  of,  examination  of 338 

Sudbury  Reservoir  (Metropolitan  Water  District),  examination  of  water  of        .       .  1^ 

Height  of  water  in 150 

Sudbury  River,  examination  of  water  of,  at  head  of  Framingbam  Reservoir  No.  S 

(Metropolitan  Water  District) 196 

Average  monthly  flow  of,  in  1898 4SS 

Average  weekly  flow  of  Sudbury  River  and  Merrimack  River,  1808       •        •       .  HC 

Rainfkll  received  and  collected  on  water-shed  of,  1898 4SS 

Yield  of  water-shed,  1876-98 ^s^ 4S9 

Summary  of  food  statistics 711 
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Snmmary  of  water  inpply  gtatistics .       *       .       • 416 

Sammarj  of  weekly  mortality  reports  firom  cities  and  towns 763 

Swampscott  and  Nahant,  consumption  of  water  In 418 

Water  supply  of,  examination  of 838 

Symp,  Inspection  of 707 

Tannery  sewage,  purification  of 468 

Applied  to  coke  strainer 464 

Tatnuck  Brook  storage  reservoir,  Holden,  examination  of  water  of       •       •       .       •  877 

Taunton,  bealtli  of 862 

Consumption  of  water  in •  418 

Examination  of  water  of  Taunton  River  at 408 

Water  supply  of,  examination  of 341 

Taunton  Rirer,  examination  of  water  of,  at  Taunton     .......  408 

Tea,  inspection  of 708 

Ten  Mile  River,  advice  of  Board  to  State  Board  of  Health  of  Rhode  Island  rebitive  to 

pollution  of       ... 117 

Tetanus,  mortality  fh)m 796 

Antitoxin,  distribution  of xxvl 

Tewksbury,  health  of 868 

Tin,  lead,  zinc  and  copper,  method  for  determination  of,  in  <irinking  waters        •       .  677 

Tisbury,  consumption  of  water  in 418 

Water  supply  of,  examination  of 842 

Towns,  advised  with  regard  to  water  supply  and  sewerage.    (See  Cities  and  Towns.) 
Tuberculosis,  examination  of  sputum  and  other  materials  suspected  of  containing  the 

baciUiof 742 

Turner's  Falls  Fire  District,  MontaguCi  water  supply  of,  examination  of     .       .       •  277 

Typhoid  fever,  prevalence  of xil 

Cases  of,  reported  weekly  to  the  Board xx 

Circular  relating  to xv 

Deaths  and  death-rates  from,  in  Massachusetts  cities,  1871-96  (table)    •       .       .  xiii 

Deaths  and  death-rates  from,  hi  Massachusetts  cities,  1896-98  (table)    .       .       .  xiv 

Deaths  from,  in  Lawrence,  1887-98  (table) 493 

Mortality  from  (tables) 792,  796, 807 

Reported  cases  of 762,769 

Weekly  summary  of  deaths  firom 769 

Advice  of  Board  relative  to  prevalence  of,  in  Lynn 31 

In  Haverhill 13 

Typhus  fever,  mortality  from 796 

X7xbridge,  health  of 863 

Examination  of  water  of  Blackstone  River  at 388,389,892 

Water  supply  of,  examination  of 343 

Vinegar,  inspection  of 708 

Vineyard  Haven  Water  Company,  Tisbury,  examination  of  water  supply  of  Tisbury  342 
Vital  statistics  of  Massachusetts  for  1897,  with  a  life  table  based  upon  the  experience 

of  the  five-year  period  1893-97,  by  S.  W.  Abbott 799 

Population,  Massachusetts,  1897 799 

Marriages 799 

By  months  (teble) 799 

Births 800 

By  months  (table) 800 

sun-births 800 

By  sexes 800 


876  INDEX. 

Vital  statisticfl  of  Masaachasetts  for  1897,  etc.  —  Concluded, 

Deaths 801 

By  sexes 801 

By  ages 801 

Infant  mortality 801 

Infantmortalitjofcities,  1891-97  (table) 802 

Infant  mortality  of  towns,  1891-97  (table) 804 

By  months  (table)   . ^ 

Canses  of  deaths 805 

Mortality  from  ten  prominent  canses  (table) 806 

Statistics  of  certain  causes  of  death,  Massacbnsetts,  1878-97  (tables)  .        •       •    807-809 


Wakefield,  health  of 854 

Examination  of  Sangns  River  at  line  between  Sangns  and 260 

Sewage  disposal  of,  advice  of  Board 106, 108 

Wakefield  and  Stoneham,  consumption  of  water  in 418 

Water  supply  of,  examination  of       ... 343 

Wales,  sewage  disposal  of,  advice  of  Board 1 10 

Walpole,  health  of , 8M 

Consumption  of  water  in 418 

Water  supply  of,  examination  of       .       . 344 

Waltbam,  health  of 834 

Consumption  of  water  in    • 418 

Examination  of  water  of  Charles  River  at 394 

Of  Hobbs  Brook ISl 

Of  Stony  Brook  storage  reservoir 181 

Water  supply  of,  examination  of 3U 

Wannacomet  Water  Company,  Nantucket,  water  supply  of,  examination  of        .       .  27S 

Ware,  health  of b53 

Consumption  of  water  in 41S 

Examination  of  Ware  River  at 409 

Water  supply  of,  examination  of 347 

Warebam,  advice  of  the  Board  relative  to  proposed  extension  of  the  water  sopplj      .  63 

Wareham,  Onset  Bay  Fire  District,  consumption  of  water  in 418 

Water  supply  of,  examination  of 348 

Ware  River,  examination  of  water  of,  at  Cold  Brook  Station,  Barre      ....  409 

At  Ware 409 

Water: 

Experiments  upon  the  filtration  of,  at  Lawrence  Experiment  Station      .        .        .    485-4^7 

Outline  of  objects,  plans  and  results  of  experiments 4^.1 

Lawrence  city  filter,  operation  of,  with  tables  of  daily  results         ....  4iy5 

Detailed  account  of  the  work  of  the  several  filters,  1898 494-530 

Filtration  through  ashes 631 

Method  of  difitrentiaiion  of  bacillus  coll  communis  used  to  determiae  the  pres- 
ence of  sewage  bacteria  in  water 6T3 

Cultural  characteristics 5J3 

Method  employed  in  testing  waters 534 

Preparation  of  media ^ 

Precautions  and  hints  on  manipulation 637 

Deaths  from  typhoid  fever  in  Lawrence,  1887-98  (table) 49j 

Water,  purification  of,  by  sand  filtration m 

Water  supplies,  examination  of 131 

Water  supply,  action  of  the  Board  in  regard  to  applications  concerning       ...  4 

Report  to  the  Legislature  upon .••  3 

Review  of  the  work  of  Board  reUting  to 
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Water  supply  statistics,  Bnmmary  of 416 

Records  of  rainfall 4ld 

Flow  of  streams ^26 

Watertown,  health  of 835 

.  Watertown  and  Belmonti  water  snpplj  of,  examination  of 349 

Water  works : 

Consumption  of  water,  statistics  relating  to 417 

Date  of  introduction  of,  into  cities  and  towns 416 

Nnmberof 416 

Ownership  of 416 

Wayland,  examination  of  water  of  Lake  Cochitnate  (Metropolitan  Water  District)     .  168 

Water  supply  of,  examination  of 3^ 
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BOABD  OF  BbOISTRATIOK  IN  MbDIOIMB, 

State  Housb,  Dec  81, 1886. 

To  His  Excellency  Roger  Wolcott,  Oovemar. 

Sir  :  —  In  compliance  with  the  requirements  of  chapter 
458  of  the  Acts  of  the  year  1894,  the  Board  of  Registration 
in  Medicine  submits  the  following  report  for  the  current 
year. 

Since  the  publication  of  the  last  annual  report  the  number 
of  individual  examinations  conducted  by  the  Board  is  492  ; 
the  number  of  persons  refused  registration  by  reason  of 
their  inability  to  pass  a  satisfactory  examination  is  134. 
Besides  the  three  regular  meetings  provided  for  by  the 
registration  act,  one  in  March,  one  in  July  and  one  in 
November,  the  Board  has  held  two  special  meetings  for  the 
examination  of  applicants.  The  number  registered  and  the 
number  rejected  in  the  several  examinations  during  the  year 
are  as  follows :  — 


PvitMntiic# 
BijMtod. 


March  examination, 
May  examination, 
Jnly  examination, 
September  examination, 
November  examination. 


52 

86 

51 

10 

162 

43 

87 

10 

56 

85 

40 
16 
21 
20 
88 


The  number  of  persons  applying  for  registration  since  the 
beginning  of  the  current  year  is  395,  all  of  whom  except 
13  have  taken  the  required  examination.  Deducting  382, 
the  number  of  this  year's   applicants  who  have  been  ex- 
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amined,  from  492,  the  number  of  examinations  given  this 
year,  the  remaining  110  represent  the  number  of  re-exam- 
inations. 

Undoubted!}*  it  jvhs  the  intention  of  the  Legislature  in 
1894  to  provide  in  the  registration  act  for  but  one  re-exam- 
ination of  a  rejected  applicant  without  additional  payment ; 
but  it  is  held  that  the  law,  strictly  interpreted,  entitles  a 
rejected  applicant  to  a  re-examination  at  any  and  even' 
regular  meeting  of  the  Board  within  the  two  years  next  fol- 
lowing the  date  of  his  first  unsuccessful  examination.  It 
happens,  therefore,  that  a  considerable  number  of  rejected 
applicants  appear  at  each  regular  meeting,  just,  as  they  say, 
to  try  their  luck.  In  the  opinion  of  the  Board,  such  fre- 
quent re-examinations  do  not  result  advantageously  to  the 
individual.  They  may  indeed  prove  disastrous  to  him,  frx)m 
the  fact  that  he  may  rely  upon  the  possibilities  of  success 
as  a  chance  result  from  frequent  attempts,  rather  than  on 
ftirther  study  to  equip  himself  for  the  test.  To  provide  for 
one  re-examination  would  be  a  just  and  a  reasonable  pro- 
vision of  the  law.  The  Board  recommends  that  the  law  be 
so  amended. 

Applicants  are  examined  at  the  regular  meetings  of  the 
Board  and  at  special  meetings  called  for  the  purpose  when- 
ever deemed  necessarv.     The  re^^ular  meetinors  are  held  on 

•  

the  second  Tuesday  in  March,  July  and  November.  Each 
meeting  for  the  examination  of  applicants  occupies  the  time 
of  the  full  Board  two  days  in  the  class  room,  and  from  tiiree 
to  six  days  in  rating  the  written  work  submitted.  Ten 
questions  are  given  in  each  of  the  subjects  on  which  the 
examination  is  conducted,  and  two  hours  allowed  in  which 
to  answer  the  same.  The  applicant  is  required  to  designate 
his  papers,  not  by  his  signature,  but  by  the  number  desig- 
nating his  application,  stamped  thereon  and  quoted  to  him 
in  the  notice  of  his  examination  date.  This  requirement 
assures  an  incognito  rating  of  all  papers.  When  the  gen- 
eral average  of  the  ratings  returned  to  the  secretary  by  the 
examiners  of  the  several  papers  of  an  applicant  fidls  below 
70,  his  examination  is  regarded  as  unsatisfitctory,  and  reg- 
istration is  refused.     Applications  for  examination  must  be 
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made  upon  blanks  furnished  by  the  Board,  and  must  be 
accompanied  by  the  required  fee,  which  is  twenty  dollars. 
Certificates  of  registration  in  other  States,  or  diplomas  of 
graduation  from  medical  colleges,  do  not  exempt  from 
examination. 

The  law  requires  that  the  examination  shall  be  of  an 
^'  elementary  and  practical  character,  and  shall  embrace  the 
general  subjects  of  surgery,  physiology,  pathology,  obstet- 
rics and  the  practice  of  medicine ; "  but,  inasmuch  as  the 
law  also  requires  that  the  examination  shall  be  '<  sufficiently 
strict  to  test  the  qualifications  of  the  candidate  as  a  practi- 
tioner of  medicine,"  the  Board  could  not  discharge  its  duty 
fiilly  should  it  limit  its  list  of  questions  to  the  particular 
branches  mentioned.  A  thorough  knowledge  of  anatomy  is 
indispensable.  Without  it  no  one  can  be  considered  quali- 
fied to  practice  medicine. 

At  the  examination  in  November,  the  last  held,  91  appli- 
cants were  present.  The  questions  submitted  to  the  class 
were  the  following :  — 

Surgery, 

1 .  Diagnose  intra-capsular  fracture  of  the  neck  of  the  femur. 
DeBcribe  treatment. 

2.  Acnte  arthritis  of  the  knee.  State  diagnoslB  and  treat- 
ment.    What  may  resnlt  from  the  inflammation? 

8.  Mucous  nasal  polypi,  —  diagnosis,  manner  of  development 
and  treatment. 

4.  Describe  operation  for  restoring  an  old  rupture  of  the 
perineum. 

5.  Mention  the  surgical  diseases  of  the  testicle.  Give  diagnosis 
and  treatment  of  any  one  of  them. 

6.  Differentiate  organic  from  spasmodic  stricture  of  the  oesoph- 
agns,  and  state  symptoms  and  treatment  of  both. 

7.  State  diagnosis,  etiology  and  treatment  of  catarrhal  con- 
junctivitis. 

8.  How  would  you  prepare  a  patient  for  amputation  of  fore- 
arm? Describe  your  favorite  operation  for  amputation  at  the 
middle  third,  and  name  the  arteries  usually  requiring  ligation. 

9.  Describe  primary  and  secondary  symptoms,  and  results  you 
would  expect  in  lacerated  wounds  of  the  abdomen.  How  would 
you  treat  peritonitis  in  such  a  case? 

10.    Describe  diffuse  abscess,  and  give  etiology  and  treatment. 
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Physiology. 

1.  Describe  conDective  tissue  and  gire  its  fanction. 

2.  Of  what  valae  is  sugar  as  a  food? 

3.  What  becomes  of  moderate  quantities  of  alcohol  when  taken 
into  the  system? 

4.  Give  the  functions  of  the  saliva. 

5.  Describe  the  two  main  cavities  of  the  body,  and  name  the 
organs  contained  in  each. 

6.  Give  the  function  of  bone  marrow. 

7.  Give  the  causes  of  the  heart  sounds. 

8.  Give  constituents  of  blood. 

9.  What  becomes  of  the  worn>out  blood  corpuscles?    State 
functions  of  the  white  blood  corpuscles. 

10.     What  becomes  of  digested  food? 

Pathology. 

1.  Describe  the  varieties  of  inflammation  of  the  skin. 

2.  A  renal  artery  has  been  occluded.  Describe  the  affected 
kidney. 

8.  Where  may  inflammation  exist  without  producing  redness? 

4.  What  processes  are  affected  by  fever? 

5.  Describe  the  substance  designated  as  colloid. 

6.  Tell  what  you  can  about  effusions. 

7.  What  agencies  other  than  microbia  may  cause  pus  forma- 
tions? 

8.  Describe  a  thrombus  and  tell  how  it  is  produced. 

9.  Describe  the  conditions  embraced  in  the  term  cloudy  swelling. 
10.    Describe  the  structure  of  the  usual  varieties  of  sarcoma. 

Obstetrics. 

1.  Describe  the  bones  of  the  pelvis. 

2.  Under  what  abnormal  conditions  is  decapitation  of  the  foetos 
indicated  ? 

3.  Give  two  fuDctions  of  the  placenta. 

4.  What  are  the  functions  of  the  liquor  amnii? 

5.  How  may  latent  malaria  be  affected  by  pregnancy? 

6.  A  multipara  has  been  in  labor  five  hours,  the  membranes 
are  ruptured,  the  right  hand  and  pulsating  cord  are  presenting  in 
the  vagina.    Treatment. 

7.  What  changes  take  place  in  the  mucous  membrane  of  the 
uterus  during  pregnancy? 

8.  A  primipara  at  the  sixth  month  of  pregnancy  has  a  small 
but  increasing  bloody  discharge.  She  has  no  pains,  nor  is  there 
any  history  of  accident  or  injury.    Discuss  the  probable  diagnosit. 
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9.    How  are  yaricose  veins  of  the  valva  treated? 
10.    Give  the  Bymptoms  of  puerperal  septicsemia. 


MediciTie. 

1.  Id  pneamonia,  state  average  range  of  temperature,  duration 
and  modes  of  termination. 

2.  How  would  you  obtain  some  of  the  contents  of  the  stomach 
for  examination  after  a  test  meal? 

8.    In  hsematuria,  give  methods  of  determining  source  of  blood. 

4.  Name  the  varieties  and  casts  in  different  forms  of  nephritis. 

5.  Give  symptoms,  treatment  and  prognosis  of  diabetes  melUtus. 

6.  Differentiate  mitral  from  aortic  obstruction. 

7.  Differentiate  amyloid  disease  from  scirrhous  of  the  liver. 

8.  In  poisoning  from  arsenic,  what  organs  (besides  the  stomach) 
usually  contain  the  largest  amount  of  the  poison? 

9.  Prescribe  a  diet  for  anaemic  patients,  and  state  the  reasons 
for  the  same. 

10.    Write  out  a  schedule  for  obtaining  and  keeping  the  history 
of  a  medical  case. 

No  one  competent  to  judge  will  claim  that  the  above  is 
too  severe  a  test  of  one's  qualifications  to  practise  medicine. 
The  necessity  for  such  an  examination  is  clearly  shown 
by  the  fact  that  38  per  cent,  of  the  class  taking  it  were 
refused  registration.  Seventy  of  the  class  were  graduates 
from  medical  schools  considered  reputable,  nearly  all  being 
recognized  by  the  American  Medical  Association;  19  of 
them  were  rejected  as  unqualified  to  offer  their  services  to 
the  public  as  physicians  and  surgeons.  The  following  ex- 
cerpts from  their  examination  papers  may  be  of  interest, 
especially  to  educators  in  medical  schools  and  to  the  pro- 
fession. No  one  is  quoted  more  than  once,  and  in  every 
instance  the  answer  is  exact  as  to  spelling,  punctuation, 
capitalization  and  phraseology. 

Q.     Tell  what  you  can  about  effusions. 

A.  effusion  is  a  pouring  out  of  the  serous  membrane  a  fluid 
called  serum  into  a  cavity  such  as  the  plura  or  serous  mem- 
brane  of  the  knee  the  effusion  begin  first  by  iretation  of 
the  serous  membrane  the  blood  vessels  begin  to  dilate  and 
through  the  serum. 
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Q.     Describe  a  thrombiu  and  tell  how  it  is  prodaoed* 
A.    A  thrombus  is  a  foreign  sabstanoe  detached  from  some  remote 
organ  carried  throagh  the  circolation,  oodading  the  lamen 
of  the  vessel.    It  may  be  a  detached  piece  of  the  Talvalar 
stmctnre  of  the  heart. 


Q.     Describe  the  sabstances  designated  as  colloid. 

A.    It  is  a  sabetance  starchy  which  give  mahogany  color  when 

staine  with  iodine  mostly  found  around  the  arteries  of  the 

liver  spleen  and  kidneys. 

Q.     State  the  function  of  bone  marrow. 

A.    They  supply  nutrition  to  the  nerves. 

A.    Function  of  bone  marrow  goes  to  build  up  the  bone  where  it 

has  much  phosphates  and  fats. 
A.    Bone  marrow  in  early  life  forms  the  red  blood  corpuscles. 

Q.  Describe  the  two  main  cavities  of  the  body  and  name  the 
organs  contained  in  each. 

A.  Plural  and  abdominal  Plural  Heart,  lungs,  part  of  liver,  aota, 
pulminary  artery  &  vein,  mitral  &  tricuspid  valves — auri- 
cles  &  ventricles  Abdominal  Intestines  stomach,  (liver  part 
of)  large  &  small  intestines,  spleen,  pancreas,  bowels, 
omentum 

A.  The  body  is  formed  by  two  cavities  the  thorax  and  abdomen. 
The  thorax  is  a  cavity  sorrounded  in  front  by  the  sternum 
and  behind  the  spine  laterally  the  ribs  external  is  covered 
by  the  epidermis  connective  and  interstitial  tissues  is  divided 
by  the  abdomen  by  the  diaphram.  The  organs  which  con- 
taius  is  the  heart,  lungs,  stomach.  The  abdomen  is  a  cavity 
composed  externally  by  epidermis  and  internally  by  a  mem- 
brane called  the  omentum. 

Q.     Describe  connective  tissue  and  state  its  function. 

A.    The  connect  all  tissue  of  the  body  consist  of  connective  cells 

as  blood  vessels  and  carry  nutrition  to  all  the  parts  of  the 

body. 

Q.     Of  what  value  is  sugar  as  a  food? 

A.  The  sugar  by  the  glyoocenic  function  of  the  bile  is  trans- 
formed in  glucose  and  is  the  principal  component  of  the 

blood. 
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Q.     Diagnose  iDtra-capBular  fracture  of  the  neck  of  the  femur. 

A.  There  is  pain.  Crepitus  and  deformity  also  swelling — the 
limb  is  shortened  the  Tronchantes  poshed  up  and  less  prom- 
inent the  foot  is  generally  everted  the  ligiments  and  mus- 
cles may  be  torn,  the  roughened  edges  of  bone  may  be  felt 
Treat  —  restore  fractured  parts  and  apply  ext.  splint  from 
axillary  space  to  sole  of  foot  and  an  internal  splint 

A.  In  an  intra  capsular  fracture  of  the  neck  there  is  great  swell- 
ing of  the  inter-cellular  tissue  abnormal  mobility  redness 
about  the  part  &c.  Treat  with  box  splints  or  plaster  cast 
with  usual  surgical  dressings. 

Q.     State  diagnosis  and  treatment  of  acute  arthritis  of  the  knee. 

A.  I  make  diagnosis  by  the  presence  of  swelling,  pain  in  walk- 
ingy  l>7  the  presence  of  pain  in  the  other  joints,  by  the 
albumen  in  the  urine  and  diminished  urea.  Is  differen- 
tiated from  gout  by  the  absence  of  the  involvement  of  the 
meta-tarso  phalangeal  joint  of  the  great  toe 

Q.     In  hsematuria,  state  methods  of  determining  source  of  blood. 

A.  You  can  determine  source  of  the  blood,  that  is  if  from  the 
stomach,  lungs  and  if  from  an  artery  or  vein.  Ist  if  from 
stomach  is  likely  to  be  acid  and  to  be  mixed  with  the  con- 
tents of  the  stomach.  By  getting  blood  from  stomach  with 
a  tube  will  deside  it  If  it  is  bright  scarlet  it  is  from  an 
artery  if  dark  from  a  veine. 

A.  Haematuria  is  a  blood  tumor,  or  a  collection  of  blood,  under 
the  skin  or  connective  tissue. 

A.  In  order  to  tell  from  where  the  blood  comes  you  must  test  to 
see  if  it  is  acid  or  not  if  acid  it  is  from  the  stomach  there- 
fore If  alkely  it  is  from  the  lungs.  When  from  the  stomach 
it  is  red  or  dark  but  when  from  the  lungs  it  is  bright  red. 

A.  By  Clinical  examination  &  microscopical  examination  of  the 
urine.  The  epehelium  and  cells  and  casts  contaminated 
with  blood  would  show  from  what  parts  it  came  from. 

Q.  How  would  you  obtain  some  of  the  contents  of  the  stomach 
for  examination  after  a  test  meal? 

A.^  By  washing  out  the  stomach  passing  in  one  end  of  a  rubber 
tube  in  stomach  and  the  other  through  a  tnnel  is  passed 
Normal  salt  solution.  For  the  presence  of  the  hydrochloric 
acid  you  can  pass  a  silver  bulb  in  which  is  litmus  paper. 
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Q.  Under  what  abnormal  conditions  is  decapitation  of  the  foetus 
indicated? 

A.  the  conditions  that  would  indicate  decapitation  of  the  Foetus 
would  be  where  the  conjugate  measures  less  than  one  and 
one  half  inches  this  would  be  one  of  the  first  indioatioDS 
another  indication  would  be  where  yon  had  an  abnormal 
head  and  it  would  be  impossible  to  deliver  the  child  on 
account  of  the  condition  of  the  mother  another  condition 
would  be  where  the  Foetus  was  dead  and  the  mother  was  in 
such  a  weak  condition  that  the  Foetus  would  have  to  be 
taken  away  in  parts 

A.  Where  it  became  impacted  in  the  Inferior  strait.  When  con- 
jugate diameter  is  less  than  one  inch  and  three  fourths 

A.  Usually  in  cases  where  the  head  is  to  be  delivered  last.  It 
is  also  indicated  in  cases  where  the  life  of  the  mother  is 
at  stake  and  in  any  condition  where  a  rapid  delivery  is 
indicated. 

A.  The  indication  for  decapitation  of  foetus  are  when  the  dimen- 
sions of  outlet  are  small  and  in  hydrocephalus 

Q.     Give  the  symptoms  of  puerperal  septicsBmia. 

A.  Tonic  and  clonic  convuelsion  there  is  headache  princply  of 
one  side  —  ringing  in  ears  flashes  of  light  before  eyes  pupils 
dilated  —  nassua  and  vomiting  Chill  and  fever  they  may 
come  out  of  one  spasm  and  seam  to  be  all  right  then  sud- 
denly the  muscles  of  mouth  begin  to  twich  there  head  rolls 
from  side  Verry  violently  and  the  conscience  is  entirely 
gorn  as  they  do  not  know  after  the  recover  what  they  have 
been  through  only  as  they  may  have  bitten  the  tongue 
there  may  be  muttering  delirum  albumen  is  found  in  the 
urin 

Q.  Differentiate  organic  from  spasmodic  stricture  of  the  oesoph- 
agus, and  state  treatment  and  symptoms  of  both. 

A.  Organic  you  find  a  tumor,  history  of  secondary  cancer,  or 
syphilis. 

A.  In  organic  stricture  of  the  oesophagus  the  oesophagus  closes 
and  opens  in  a  peristaltic  way  that  ia  it  takes  in  a  particle 
of  food  and  contracts  and  then  it  is  pushed  on  and  tiie 
next  muscle  relaxes  and  takes  it  in  and  so  on.  In  spas* 
modic  stricture  of  the  oesophagus  the  muscles  contract  and 
remain  for  a  few  seconds  and  then  apasmodically  relax  and 
quickly  contract  again. 
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Classifying  the  results  of  the  examinations  with  reference 
to  educational  institutions,  it  appears  that  168  persons  grad- 
uated from  medical  schools  in  this  Commonwealth,  12  per 
cent,  of  whom  were  refused  registration ;  203  graduated 
from  other  schools  in  the  United  States  and  Canada,  of 
whom  20  per  cent,  were  rejected. 

The  following  table  is  complete,  as  applying  to  first  ex- 
aminations; but  some  of  those  classed  as  <<  failures,"  who 
were  so  persevering  as  to  take  one  or  more  re-examinations, 
finally  succeeded. 


F.T«inlne<L 


FalloTM. 


Peroentage 

of 

Failart. 


Harvard  University, 

Tufts  College, 

Boston  University, 

Physicians  and  Surgeons,  Boston, 

University  of  Vermont,       .... 

Dartmouth  College, 

Maine  Medical  Scnool  (Bowdoin), 

Yale  Medical  School, 

Baltimore  Medical  College, 

College  Physicians  and  Surgeons,  Balti- 
more,         

Baltimore  University, 

Johns  Hopkins, 

University  of  Maryland,      .... 

Woman ^8  Medical  College  of  Maryland,    . 

Southern  Homoeopathic  Medical  College,  . 

University  of  Pennsylvania, 

Jefferson  Medical  College 

Medico -Chirurgical  College  of  Pennsyl- 
vania,         

Woman's  Medical  College  of  Pennsvlvania, 

Hahnemann  Medical  College  and  Hospital, 
Pennsylvania,  .     , 

Bellevue  Hospital  Medical  College,   . 

College  Physicians  and  Surgeons,  New 
York, 

New  York  University,         .... 

Woman's  Medical  College  of  New  York 
Infirmary, 

Albany  Medical  College,     .... 

New  York  Homoeopamic  Medical  College 
and  Hospital, 

Long  Island  College  Hospital,    . 

University  of  Buffalo, 

Eclectic  Medical  College  of  the  city  of 
New  York, 

University  of  Michigan,      .... 


94 

1 

40 

11 

80 

3 

4 

3 

29 

6 

13 

8 

3 

0 

1 

0 

18 

2 

8 

1 

5 

4 

1 

0 

1 

0 

1 

0 

1 

0 

8 

0 

4 

0 

4 

0 

4 

0 

3 

0 

12 

0 

13 

0 

7 

1 

4 

0 

4 

1 

3 

0 

2 

1 

2 

0 

1 

1 

3 

0 

1 

27 
10 
76 
17 
23 
0 
0 
11 

12 
80 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
14 

0 
25 

0 

50 
0 

100 
0 
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Bxamlned. 


Hahnemann  Medical  College  and  Hospital, 
Chicago, 

Hering  Medical  College  and  Hospital, 

University  of  Georgetown, .... 

Howard  University, 

Columbian  University,        .... 

Laval  University, 

McGill  University, 

Canadian  schools  not  specified,  . 

Foreign, 

Medical  College  of  Indiana, 

Kansas  Medical  College,     .... 

American  Eclectic  Medicid  College  of  Cin- 
cinnati,       

Toledo  Medical  College,     .... 

Ohio  Medical  College,         .... 

Cleveland  Medical  College, 

Vanderbilt  University,        .... 

LooisvUle  Medical  College, 

Non-graduates, 


1 
1 
0 
1 
1 
0 
87 


s 

67 

0 

0 

1 

33 

1 

100 

0 

0 

9 

64 

0 

0 

2 

33 

1 

33 

2 

100 

0 

0 

50 

100 

0 

100 

100 

0 

63 


FiNAKOIAL   StATEHBMT. 

Recdpis, 

Fees  from  applicants  received  and  paid  hito  the  treasury  of 
the  Conunon wealth  since  Jan.  1, 1898, .... 


|7,170  00 


EzpendUures. 

Services  of  members  of  the  Board,  .        .        •        .  $4,550  00 

Incidental  expenses  of  Board,  . 

>        < 

.      868  49 

Clerical  service. 

• 

.      549  16 

Printing  and  material. 

32  98 

Detective  service,      .... 

.      463  60 

Books  and  other  office  supplies, 

.      128  70 

Postage  and  messages. 

.      136  20 

Balance  credited  to  the  Board,  • 

.      440  87 

17,170  00 


Referring  in  the  last  annual  report  to  the  passage  of  the 
registration  act  in  1894,  and  to  the  fact  that  prior  thereto 
there  were  no  statutory  provisions  in  this  Commonwealtii 
for  the  protection  of  the  people  from  incompetent  practi- 
tioners, the  Board  said :  — 


Id  do  other  direotioD,  or  affairs  of  State,  can  the  polioe  power 
be  exercised  more  Id  aooordaDce  with  aD  iDtelligeDt  sense  of  paUic 
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duty  than  in  the  enforcement  of  laws  enacted  for  the  protection 
of  health  and  the  aUeviation  of  disease.  To  reqaire,  of  persons 
who  desire  to  practise  medicine,  certain  qualifications,  or  knowl- 
edge of  the  human  body  in  health  and  in  disease,  is  indeed  most 
reasonable.  ...  In  most  of  the  other  States  such  laws  are  far 
in  advance  of  onrs  in  their  restrictive  provisions,  and  in  their  re- 
quirements regarding  preliminary  education,  medical  instruction 
and  examination  tests  for  fitness  to  practise.  The  Board  believes 
that  the  time  iias  arrived  for  this  Commonwealth  to  consider 
further  in  what  directions  the  scope  of  the  registration  act  should 
be  extended  so  as  to  afford  still  further  protection  along  the  lines 
originally  contemplated. 

Since  the  passage  of  the  act  in  1894  some  minor  perfect- 
ing amendments  have  been  made ;  still,  the  law  is  unsatis- 
factory in  many  important  respects,  some  of  which  were 
referred  to  in  last  year's  report,  as  quoted  above.  It  should 
be  provided  in  the  law  that  persons  holding  certificates  of 
registration  should  be  required  to  record  the  same  in  the 
clerk's  oflBce  of  the  city  or  town  in  which  they  reside  or 
practise.  Such  a  provision  would  prevent  imposition  by 
itinerants  and  other  unregistered  persons. 

More  definite  provisions  than  the  present  should  be  made 
regarding  the  practice  in  our  border  towns  by  physicians 
residing  in,  and  qualified  to  practise  in,  the  adjoining  towns 
in  other  States. 

Section  10,  in  its  amended  form  in  chapter  412  of  the 
Acts  of  1895,  is  liable  to  diflferent  interpretation  in  dificrent 
courts  as  to  the  intended  meaning  of  its  text,  also  as  to  its 
bearing  on  the  last  clause  of  section  11.  It  should  there- 
fore be  amended  by  a  new  draft.  In  view  of  such  imperfec- 
tions and  deficiencies  in  the  present  statutes,  the  Board 
submits  recommendations  as  follows:  — 

Section  9  of  chapter  458  of  the  Acts  of  1894  should  be 
amended  so  as  to  provide  as  follows :  — 

The  examinations  for  registration  as  physicians  or  surgeons  un- 
der the  provisions  of  chapter  four  hundred  and  fifty-eight  of  the 
acts  of  the  year  eighteen  hundred  and  ninety-four,  shall  be,  in 
whole  or  in  part,  in  writing  in  the  EngUsh  language,  and  shall  be 
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of  a  scientific  and  practical  character,  and  saffioienily  thorough  to 
test  the  applicant's  fitness  to  practise  medicine.  They  shall  em- 
brace  the  general  subjects  of  surgery,  physiology,  pathol<^,  ob- 
stetrics and  gynecology,  practice  of  medicine,  anatomy,  and  such 
other  subjects  as  the  board  may  determine. 

Section  10  of  said  chapter  should  be  amended  so  as  to 
read  substantially :  — 

Any  person  who,  not  being  then  lawfully  authorized  to  practise 
medicine  within  this  Commonwealth,  and  so  registered  according 
to  law,  shall  hold  himself  out  to  the  public  as  a  practitioner  of 
medicine,  whether  by  appending  to  his  name  the  title  Dr.,  or  M.D., 
or  any  other  title  or  designation  implying  a  practitioner  of  medi* 
cine,  or  attempting  to  practise  medicine,  in  any  of  its  branches, 
within  the  limits  of  this  Ck>mmonwealth,  shall  be  deemed  guilty  of 
a  misdemeanor,  and  shall  be  punished  by  a  fine  of  not  less  than 
one  hundred  nor  more  than  five  hundred  dollars  for  each  offence, 
or  by  imprisonment  in  jail  for  three  months,  or  both ;  and  in  no 
case  where  any  provision  of  this  law  has  been  violated,  shall  the 
person  so  violating  be  entiUed  to  receive  compensation  for  services 
rendered. 

Section  11  of  said  chapter  should  read  substantially  as 
follows :  — 

Nothing  in  this  act  shall  be  so  construed  as  to  discriminate 
against  any  particular  school  or  system  of  medicine,  or  to  prohibit 
service  in  a  case  of  emergency,  or  the  domestic  administration  of 
family  remedies ;  and  this  act  shall  not  apply  to  a  commissioned 
medical  ofl9cer  of  the  United  States  army,  navy  or  marine  hospital 
service,  in  the  discharge  of  his  ofllcial  duty ;  nor  to  a  physician  or 
surgeon  from  another  state,  who  is  a  legal  practitioner  in  the  state 
in  which  he  resides,  when  in  actual  consultation  with  a  legal  prao- 
titioner  of  this  Commonwealth;  nor  to  a  physician  or  surgeon 
residing  in  another  state  and  legally  qualified  to  practise  therein, 
whose  general  practice  extends  into  the  border  towns  of  this  Com* 
monwealth,  provided  such  physician  does  not  open  an  office  nor 
designate  a  place  in  such  towns  where  he  may  meet  patients  or 
receive  calls ;  nor  to  a  physician  duly  authorized  to  practise  medi- 
cine in  another  state,  called  as  the  family  physician  to  attend  a 
person  temporarily  abidhug  in  this  Commonwealtii. 
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Section  4  of  said  chapter,  as  amended  in  chapter  196  of 
the  Acts  of  1897,  shoald  be  amended  in  the  second  sentence 
thereof,  so  as  to  provide  that :  — 

Any  applicant  failing  to  pass  an  examination  satisfactory  to  the 
board,  and  therefore  refased  registration,  shall  be  entitled  within 
one  year  after  sach  refusal  to  another  examination  at  a  meeting  of 
the  board  called  for  the  examination  of  applicants,  without  the 
payment  of  an  additional  fee ;  and  one  such  re-examination  shall 
exhaust  his  privilege  under  his  original  application. 

The  law  should  provide  that :  — 

Authority  to  practise  medicine  in  this  Commoawealth  under  said 
act,  or  the  several  later  acts  relating  thereto,  shall  be  a  certificate 
issued  by  the  board  of  registration  in  medicine ;  and  it  shall  be 
unlawful  for  any  person  to  practise  medicine  in  any  of  its  branches, 
within  the  limits  of  this  Commonwealth,  who  has  not  registered  in 
the  city  or  town  clerk's  oflSce  of  the  city  or  town  in  which  he 
resides  or  maintains  an  office,  his  authority  for  practising  medi- 
cine ;  and  the  person  so  registering  shall  subscribe  and  verify,  by 
oath  before  such  clerk,  an  affidavit  containing  the  number  of  his 
certificate  of  registration  and  the  date  of  its  issue,  which  if  false 
shall  subject  the  affiant  to  conviction  and  punishment  for  perjury. 

In  Appendix  A  will  be  found  a  copy  of  the  laws  relating 
to  registration,  and  in  Appendix  B  the  names  of  all  the 
practitioners  registered  in  this  Commonwealth. 

Respectfully  submitted, 

C.  EDWIN  MILES,  Chairfiian. 
EDWIN  B.  HARVEY,  Secretary. 
WALTER  P.  BOWERS. 
SAMUEL  H.  CALDERWOOD. 
AUGUSTUS  L.  CHASE. 
WILLIAM  C.  CUTLER. 
AUGUSTUS  C.  WALKER. 


APPENDIX. 


Appendix  A. 


[Chaptbb  458»  A0T8  OP  1894.] 
AN  ACT  to  proTide  for  tlie  Beff  tstratloa  of  PhyfticlaiiB  and  Surgeons, 
Be  U  encuML,  e<o.,  as  follows : 

Section  1.  The  governor,  with  the  advice  and  oonsent  of  the 
oouncilf  shall  appoint  seven  persons,  residents  in  this  Common- 
wealth, who  shall  be  graduates  of  a  legally  chartered  medical 
college  or  nniversity  having  the  power  to  confer  degrees  in  medi- 
cine, and  who  shall  have  been  actively  employed  in  the  practice  of 
their  profession  for  a  period  of  ten  years,  who  shall  constitute  a 
board  of  registration  in  medicine,  Sach  persons  shall  be  appointed 
and  hold  office  for  terms  of  one,  two,  three,  four,  five,  six  and 
seven  years,  respectively,  beginning  with  the  first  day  of  July 
in  the  present  year,  and  until  their  respective  successors  are  ap- 
pointed, and  thereafter  the  governor,  with  the  advice  and  consent 
of  the  council,  shall  appoint,  before  the  first  day  of  July  in  each 
year,  one  person  qualified  as  aforesaid,  to  hold  office  for  seven 
years  from  the  first  day  of  July  next  ensuing.  No  member  of  said 
board  shall  belong  to  the  faculty  of  any  medical  college  or  univer- 
sity. Vacancies  in  said  board  shall  be  filled  in  accordance  with 
the  provisions  of  this  act  for  the  establishment  of  the  origioal 
board,  and  the  person  appointed  to  fill  a  vacancy  shall  hold  office 
during  the  unexpired  term  of  the  member  whose  place  he  fills. 
Any  member  of  said  board  may  be  removed  from  office  for  cause 
by  the  governor,  with  the  advice  and  consent  of  the  executive 
council,  and  not  more  than  three  members  of  said  board  shall  at 
one  time  be  members  of  any  one  chartered  state  medical  society. 

SacT.  2.  The  members  of  said  board  shall  meet  on  the  second 
Tuesday  of  July  next,  at  such  time  and  place  as  they  may  deter- 
mine, and  shall  immediately  proceed  to  organize  by  electiog  a 
chairman  and  secretary,  who  shall  hold  their  respective  offices  for 
the  term  of  one  year.  The  secretary  shall  give  to  the  treasurer 
and  receiver  general  of  the  Commonwealth  a  bond  in  the  penal 
sum  of  five  thousand  dollars,  with  sufficient  sureties  to  be  ap- 
proved by  the  governor  and  council,  for  the  faithful  dischai^e  of 
the  duties  of  his  office.  The  said  board  shall  hold  three  regular 
meetings  in  each  year,  one  on  the  second  Tuesday  of  March,  one 
on  the  second  Tuesday  of  July  and  one  on  the  second  Tuesday  of 
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November,  and  snch  additional  meetings  at  such  times  and  places 
as  it  may  determine. 

Sect.  3.  It  shall  be  the  daty  of  said  board  immediately  upon 
its  organization  to  notify  all  persons  practising  medicine  in  this 
Commonwealth  of  the  provisions  of  this  act,  by  publication  in  one 
or  more  newspapers  in  each  coanty,  and  every  snch  person  who  ia  a 
graduate  of  a  legally  chartered  medical  college  or  university  having 
power  to  confer  degrees  in  medicine,  and  every  person  who  has 
been  a  practitioner  of  medicine  in  this  Commonwealth  continuously 
for  a  period  of  three  years  next  prior  to  the  passage  hereof,  shall 
upon  the  payment  of  a  fee  of  one  dollar  be  entitled  to  registration, 
and  said  board  shall  issue  to  him  a  certificate  thereof  signed  by 
the  chairman  and  secretary. 

Sect.  4.  Any  person  not  entitled  to  registration  as  aforesaid 
shall,  upon  payment  of  a  fee  of  ten*  dollars,  be  entitled  to  exami- 
nation, and  if  found  qualified  by  four  or  more  members  of  said 
board  shall  be  registered  as  a  qualified  physician,  and  shall  receive 
a  certificate  thereof  as  provided  in  section  three.  Any  person 
refused  registration  may  be  re-examined  at  any  regular  meeUng 
of  said  board,  within  two  years  of  the  time  of  such  refusal,  with- 
out additional  fee,  and  thereafter  he  may  be  examined  as  often  as 
he  may  desire,  upon  the  payment  of  the  fee  of  ten  dollars  for  each 
examination.  Said  board,  after  a  conviction  before  a  proper  court 
for  crime  in  the  course  of  professional  business  has  been  shown, 
and  after  hearing,  may  by  unanimous  vote  revoke  any  certificate 
issued  by  them  and  cancel  the  registration  of  the  person  to  whom 
the  same  was  issued.  All  fees  received  by  the  board  under  this 
act  shall  be  paid  by  the  secretary  thereof  into  the  treasury  of  the 
Commonwealth  once  in  each  month. 

Sect.  5.  The  compensation,  incidental  and  travelling  expenses 
of  the  board  shall  be  paid  from  the  treasury  of  the  Commonwealth. 
The  compensation  of  members  of  the  board  shall  be  ten  dollars 
each  for  every  day  actually  spent  in  the  discharge  of  their  duties, 
and  three  cents  per  mile  each  way  for  necessary  travelling  expenses 
in  attending  the  meetings  of  the  board,  but  in  no  case  shall  any 
more  be  paid  than  was  actually  expended.  Such  oompensatioa 
and  the  incidental  and  travelling  expenses  shall  be  approved  by 
the  board  and  sent  to  the  auditor  of  the  Commonwealth,  who  shaU 
certify  to  the  governor  and  council  the  amounts  due  as  in  case 
of  other  bills  and  accounts  approved  by  him  under  the  provisioiit 
of  law :  provided^  that  the  amounts  so  paid  shall  not  exceed  the 
amount  received  by  the  treasurer  and  receiver  general  of  the  Com- 
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monwealth  from  the  board  in  fees  as  herein  specified,  and  so  much 
of  said  receipts  as  may  be  necessary  is  hereby  appropriated  for  the 
compensation  and  expenses  of  the  board  as  aforesaid. 

Sect.  6.  The  board  shall  keep  a  record  of  the  names  of  all 
persons  registered  hereander,  and  a  record  of  all  moneys  received 
and  disbursed  by  said  board,  and  said  records  or  duplicates  thereof 
shall  always  be  open  to  inspection  in  the  office  of  the  secretary 
of  the  Commonwealth.  Said  board  shall  annually  report  to  the 
governor  on  or  before  the  first  day  of  January  in  each  year,  the 
condition  of  medicine  and  surgery  in  this  Commonwealth,  which 
report  shall  contain  a  full  and  complete  record  of  all  its  official 
acts  during  the  year,  and  shall  also  contain  a  statement  of  the 
receipts  and  disbursements  of  the  board. 

Sect.  7.  It  shall  be  the  duty  of  the  board  to  investigate  all 
complaints  of  disregard,  non-compliance  or  violation  of  the  pro- 
visions of  this  act,  and  to  bring  all  such  cases  to  the  notice  of  the 
proper  prosecuting  officers. 

Sect.  8.  On  and  after  the  first  day  of  January  in  the  year 
eighteen  hundred  and  ninety-five  the  board  shall  examine  all  appli- 
cants for  registration  as  licensed  physicians  or  surgeons.  Appli- 
cants must  give  satisfactory  proof  of  being  twenty-one  years  of 
age  and  of  good  moral  character ;  and  every  applicant  who  is  a 
graduate  of  and  has  received  a  degree  of  doctor  of  medicine  from 
a  legally  chartered  medical  college  or  university  having  power  to 
confer  degrees  in  medicine  in  this  Commonwealth,  shall  be  entitled 
prima  facie  to  be  registered  under  this  act,  upon  the  payment  of 
the  fees  herein  provided. 

Sect.  9.  Examinations  shall  be,  in  whole  or  in  part,  in  writing, 
and  shall  be  of  an  elementary  and  practical  character.  They  shall 
embrace  the  general  subjects  of  surgery,  physiology,  pathology, 
obstetrics  and  practice  of  medicine,  and  shall  be  sufficiently  strict 
to  test  the  qualifications  of  the  candidate  as  a  practitioner  of 
medicine. 

Sect.  10.*  Whoever  not  being  registered  as  aforesaid  shall 
advertise  or  hold  himself  out  to  the  public  as  a  physician  or  sur- 
geon in  this  Commonwealth,  by  appending  to  his  name  the  letters 
^^M.D."  or  nsing  the  title  of  doctor,  meaning  thereby  a  doctor 
of  medicine,  shall  be  punished  by  a  fine  of  not  less  than  one  hun- 
dred nor  more  than  five  hundred  dollars  for  each  offence,  or  by 
imprisonment  in  jail  for  three  months,  or  both. 

Sect.  11.  This  act  shall  not  apply  to  commissioned  officers  of 
the  United  States  army,  navy  or  marine  hospital  service,  or  to  a 

*  Bee  eeellon  10,  ae  amended,  chapter  413,  AeU  of  1806. 
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phyBician  or  surgeon  who  is  called  from  another  state  to  treat  a 
particolar  case,  and  who  does  not  otherwise  practice  in  this  state, 
or  to  prohibit  gratnitons  services ;  nor  to  clalrvojants,  or  to  per- 
sons practising  hypnotism,  magnetic  healing,  mind  care,  massage 
methods,  christian  science,  cosmopathic  or  anj  other  method  of 
healing:  provided^  snch  persons  do  not  violate  any  of  the  pro- 
visions of  section  ten  of  this  act. 

Sect.  12.  For  the  purposes  of  the  appointment  of  aaid  board, 
and  of  registration  of  persons  by  it  herennder,  this  act  shall  take 
effect  upon  its  passage,  and  shall  take  fall  effect  on  the  first 
day  of  January  in  the  year  eighteen  hundred  and  ninety-five. 
[^Approved  June  7, 1894. 

• 

[Chaptbk  412,  Acts  op  189S.] 

AN  ACT  relative  to  the  BeffiBtration  of  Physicians  and  Surgeons. 

Be  it  enacted^  etc,,,  as  follows : 

Section  ten  of  chapter  four  hundred  and  fifty-eight  of  the  acts 
of  the  year  eighteen  hundred  and  ninety-four  is  hereby  amended 
by  striking  out  in  the  third  line,  after  the  word  '^  ComoKon wealth  ", 
the  words  '*by  appending'',  and  inserting  in  place  thereof  the 
words :  —  or  appends,  —  also  by  striking  out  in  the  foarth  line,  the 
word  '^  using  ",  and  inserting  in  place  thereof  the  word :  —  uses,  — 
so  as  to  read  as  follows:  —  Section  10,  Whoever  not  being  reg- 
istered as  aforesaid  shall  advertise  or  hold  himself  out  to  the  public 
as  a  physician  or  surgeon  in  this  Commonwealth,  or  appends  to 
his  name  the  letters  ^'  M.D.",  or  uses  the  title  of  doctor,  meaning 
thereby  a  doctor  of  medicine,  shall  be  punished  by  a  fine  of  not 
less  than  one  hundred  nor  more  than  five  hundred  dollars  for  each 
offence,  or  by  imprisonment  in  jail  for  three  months,  or  both. 
[^Appraved  May  10 ^  1895. 

[Chapter  230,  Acts  of  1896.] 
AN  ACT  relative  to  tbe  Beglstration  of  Pliysidans  and  Sorffsons. 

Be  it  enacted,  etc,  as  follows : 

Section  1.  All  applications  for  registration  as  physicians  <Hr 
surgeons  under  the  provisions  of  chapter  four  hundred  and  fifty- 
eight  of  the  acts  of  the  year  eighteen  hundred  and  ninety-four, 
shall  be  made  upon  blanks  to  be  furnished  by  the  board  of  regis- 
tration in  medicine,  and  shall  be  signed  and  sworn  to  by  the 
applicants. 

Sect.  2.  Said  board  shall  examine  all  applicants,  and  only  such 
as  are  found  qualified  and  shall  give  satisfactory  proof  of  being 
twenty-one  years  of  age  and  of  good  moral  character,  shall  receive 
certificates  of  registration  as  provided  in  said  act :  provided^  A<Nff- 
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every  that  said  board  shall  register  without  examination  any  appli- 
cant whom  it  may  find  to  be  of  good  moral  character^  of  more  than 
sixty  years  of  age,  and  a  graduate  of  a  legally  chartered  medical 
college  having  power  to  confer  degrees  in  medicine,  and  who  has 
been  a  practitioner  of  medicine  in  this  Ck>mmonwealth  for  a  period 
of  ten  years  next  prior  to  the  passage  of  this  act,  and  who  other- 
wise complies  with  the  provisions  of  this  act. 

Sect.  3.  Said  board  may  by  a  unanimous  vote,  after  a  hearing, 
revoke  any  certificate  issued  by  it  to,  and  cancel  the  registratioii 
of  any  person  convicted  of  any  crime  in  the  practice  of  his  profes- 
sional business,  or  convicted  of  a  felony. 

Sect.  4.  Any  person  who  shall  practice  medicine  or  surgery 
under  a  false  or  assumed  name,  or  under  a  name  other  than  that 
under  which  he  is  registered,  or  who  shall  personate  another  practi- 
tioner of  a  like  or  different  name,  shall  be  punished  by  a  fine  Of  hot 
less  than  one  hundred  nor  more  than  five  hundred  dollars  for  each 
offence,  or  by  imprisonment  in  Jail  three  months,  or  both. 


[CHAFnim  196,  Acts  ot  1897.] 
AN  ACT  relative  to  the  BeglBtration  of  PhyBicians  and  Surffeoas. 

Be  it  enacted,  etc,,  as  follows : 

Section  1.  Section  four  of  chapter  four  hundred  and  fifty- 
eight  of  the  acts  of  the  year  eighteen  hundred  and  ninety-four  is 
hereby  amended  by  striking  out  in  the  second  line,  after  the  words 
^*  fee  of,  the  word  '*  ten",  and  by  inserting  in  place  thereof  the 
word:  —  twenty,  —  so  as  to  read  as  follows: — Section  4.  Anv 
person  not  entitled  to  registration  as  aforesaid  shall,  upon  pay- 
ment of  a  fee  of  twenty  dollars,  be  entitled  to  examination,  and 
if  found  qualified  by  four  or  more  members  of  said  board,  shall  be 
registered  as  a  qualified  physician,  and  shall  receive  a  certificate 
thereof  as  provided  in  section  three.  Any  person  refused  regis- 
tration may  be  re-examined  at  any  regular  meeting  of  said  board, 
within  two  years  of  the  time  of  such  refusal,  without  additional 
fee,  and  thereafter  he  may  be  examined  as  often  as  he  may  desire, 
upon  the  payment  of  the  fee  of  ten  dollars  for  each  examination. 
Said  board  after  a  conviction  before  a  proper  court,  for  crime  in 
the  course  of  professional  business  has  been  shown,  and  after  heap- 
ing, may  by  unanimous  vote  revoke  any  certificate  issued  by  them 
and  cancel  the  registration  of  the  person  to  whom  the  same  was 
issued.  All  fees  received  by  the  board  under  this  act  shall  be  paid 
by  the  secretary  thereof  into  the  treasury  of  the  Commonwealth 
once  in  each  month. 

Sect.  2.  This  act  shall  take  effect  on  the  first  day  of  August 
of  the  current  year. 
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Appendix    B. 


Official  List  of  Practitioners  of  Medicikb  rsoisterxd  nr 
THE  Commonwealth  to  this  Date,  Deo.  81,  1898. 

Note.  —  The  following  are  the  fonns  of  certiflcates  issued :  — 

Form  A,  to  gradaates  of  legally  chartered  medical  colleges  or 
oniversities  having  power  to  confer  degrees  in  medicine,  who 
applied  for  registration  before  the  law  went  into  fall  efifect,  on 
Jan.  1,  1895,  gradaation  and  residence  in  the  Commonwealth  at 
the  time  of  the  passage  of  the  law  being  the  only  reqairements  for 
registration. 

Form  B,  to  those  who  applied  for  registration  before  Jan.  1, 
1895,  under  the  three  years'  practice  clause  in  section  3,  three 
years'  continuous  practice  in  the  Commonwealth  next  prior  to  the 
passage  of  the  law  June  7,  1894,  being  the  only  requirement  for 
registration. 

Form  C,  to  graduates  of  legally  chartered  medical  colleges  In 
this  Commonwealth  who  applied  for  registration  subsequent  to 
Jan.  1,  1895,  and  previous  to  May  1,  1896,  during  which  period 
the  law  permitted  their  registration  without  an  examination,  a 
diploma  from  such  sources  being  by  the  law  considered  satisfac- 
tory evidence  of  fitness  to  practise  medicine.  This  provision  of 
the  law  was  repealed  May  1,  1896. 

Form  D,  to  graduates  examined  by  the  Board. 

Form  E,  to  non-graduates  examined  by  the  Board. 

Form  F,  to  graduates  of  more  than  sixty  years  of  age,  who, 
prior  to  the  passage  of  the  law,  had  practised  ten  years  in  this 
Commonwealth,  being  exempt  from  an  examination  by  an  act 
approved  April  1,  1896. 

Certificates  D,  E  and  F  are  the  only  forms  now  in  use. 


A  Abbe,  Alanwm  Joseph. 

A  Abbe,  Edward  Hooper. 

C  Abbe,  Frederick  Randolph. 

A  Abbot,  Edward  Sunley. 

I>  Abbot,  Florence  Hale. 

A  Abbot,  Samuel  Leonard. 

B  Abbott,  Adelaide. 


A  Abbott,  Charles  Kdw&nL 

A  Abbott,  Charlea  SlicwalL 

D  Abbott,  Edson  Hoees. 

A  Abbott,  Fred  LInooln. 

A  Abbott,  Frederick  WaUaee. 

D  Abbott,  Howard  Edwta. 

A  Abbott,  John  Hamnlll. 
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A  Abbott,  Samuel  Warren. 

A  Abbott,  Solon. 

A  Abbott,  Stepben  Wendell. 

B  Abbott,  Slyvina  Apphla. 

A  Abell,  Paul  White. 

A  Achom,  John  Warren. 

A  Acken,  Thomas  Moore. 

A  Adamsi  Charles  Bli. 

A  Adams,  Charles  Sumner. 

A  Adams,  Edward  Hitchcock. 

A  Adams,  Edwin  Boardman. 

C  Adams,  Francis  Wayland. 

A  Adams,  George  Edwin. 

I>  Adams,  George  Francis. 

A  Adams,  George  Smith. 

A  Adams,  Henry  Oscar. 

A  Adams,  Herbert  Williams. 

A  Adams,  James  Forster  Alleyne. 

D  Adams,  James  Thacher. 

D  Adams,  John. 

A  Adams,  John  Qulncy. 

D  Adams,  Walter  Henry. 

A  Adams,  Wendell  Holmes. 

D  Adams,  William  Carlton. 

D  Adams,  William  Gray. 

A  Adams,  Zabdiel  Boylston. 

A  Ahearne,  Cornelius  Augustine. 

A  Ahearne,  Cornelius  Augustine, 
Jr. 

A  A  hi  born,  Henry  Christian. 

A  Aiken,  Frank  Jonathan. 

D       Aiken,  Thomas  Francis,  Jr. 

A  Ainsworth,  Frank  Henley. 

A      Albee,  George  Macdonald. 

A       Albee,  George  Sumner. 

D       Alcorn,  Thomas  (^rant. 

X>      Albro,  Christopher  Durfee. 

B       Alden,  Flora  Sweet. 

A       Aldrich,  Albert  Clinton. 

A       Aldrich,  Eben  True. 

A       Aldrich,  James  Mott. 

A       Aldrich,  Nathaniel  Borden. 

A       Alexander,  Clara  Jane. 

D       Alfred,  James. 

A       AUard,  Frank  Ellsworth. 

B       AUard,  Joseph. 

B       Allen,  Alfred  Morton. 

A       Allen,  Carl  Addison. 

D       Allen,  Clarence  Jean. 

D       Allen,  David  Edmund. 

D      Allen,  Edward  Everett. 

A      Allen,  Edwin  Howard. 

A       Allen,  Emery  A. 

C       Allen,  Frank  Neute. 

A       Allen,  Franklin  Haley. 

A       Allen,  Gardner  Weld. 

A      Allen,  George  Edwin. 

A      Allen,  Granville  Stevens,  Jr. 

D      Allen,  James  Henry. 


A  Allen,  Justin. 

A  Allen,  Lamson. 

A  Allen,  Louis  Edmund. 

D  Allen,  Lyman. 

B  Allen,  Nathan  Leverett. 

A  Allen,  Samuel  Johnson. 

D  Allen,  Seabury  Wells. 

A  Allen,  Stephen  Arthur. 

A  Allen,  William  George. 

A  Allen,  William  Howard. 

A  Allison,  George  Freeman. 

D  Amadou,  Alfred  Mason. 

A  Amadou,  Arthur  Frank. 

A  Amerige,  Charles  Wardwell. 

A  Ames,  Charles  Edwin. 

A  Ames,  John  Lincoln. 

A  A  mes,  Joseph  Stanford. 

A  Ames,  Robert  Parker  Marr. 

D  Ames,  Winfleld  Howard. 

A  Amesbnry,  I  von  Cuthbert  Ha- 
letgh. 

A  Amesbury,  Walter  Raleigh. 

A  Amory,  Robert. 

B  Amsden,  Henry  Hubbard. 

D  Anderson,  Hyrum  Andrew. 

A  Anderson,  Martha  Ann. 

D  Anderson,  Thomas. 

A  Andrews,  Bralnard  Alge. 

D  Andrews,  Edward  Austin. 

D  Andrews,  Harold  Virgil. 

A  Andrews,  John  Burbank. 

A  Andrews,  Mary  Annette. 

D  Andrews,  Oren. 

D  Andrews,  Robert  Foster. 

A  Andrews,  William  Henry. 

A  Angell,  Henry  Clay. 

D  Angeny,  Granville  Louis. 

A  Anthony,  Francis  Wayland. 

A  Anthony,  Jeremiah  Christopher. 

A  Appleton,  Lucy. 

0  Appleton,  William. 

A  Archambeault,  Charles  Francis. 

D  Armstrong,  William  Lucius. 

D  Armstrong,  William  Willard. 

A  Arnold,  Horace  David. 

A  Aronowitsch,  Anna. 

B  Aronson,  Harris. 

A  Arthur,  Asa  Adgate. 

C  Ash,  John  Henry. 

D  Atkins,  Francis  Grant. 

C  Atkinson,  Leonard  Woods. 

A       Atkinson,  Lizzie  Daniel  Rose. 

A  Atwater,  James  Billings. 

A       Atwood,  Albert  John. 

A       A twood,  Charles  A  ugustus. 

A       Atwood,  Frank  Sumner. 

A      Atwood,  George  Manley. 

A      Auger,  Adolphe  Alphouse. 

A       Auger,  Henri  Michel. 
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A 

.  Auger,  Louis  Lemaltxe. 

A 

Baldwin,  Frederick  William. 

A 

August,  Albert. 

A 

Baldwin,  Henry  Cutler. 

A 

Aastln,  Arthur  Everett. 

C 

Baldwin,  Herman  Troet. 

B 

Austin,  Charles  Gorham  8tnbbs. 

D 

Baldwin,  San  ford  Oscar. 

D 

Austio,  James  Cornelius. 

A 

Ball,  Charles  Dickens  Evans. 

A 

Austin,  Lewis  King. 

A 

Ball,  Thomas  Joseph. 

D 

Avedisian,  Ayedls  Der. 

A 

Ballance,  William  Pell. 

C 

AveriU,  George  Goodwin. 

A 

Ballard,  George  Tyler. 

A 

ATeriU,  Jesse  Howes. 

B 

Ballon,  Henry  Edmund. 

B 

Averill,  Mehluble  Merriil. 

A 

Bancroft,  Edward  Erastus. 

A 

Ayer,  James  Bourne. 

A 

Bancroft,  George  Andrew. 

A 

Ayer,  Silas  Hubbard. 

A 

Bancroft,  Wlnfred  Baxter. 

D 

Ayer,  Thomas  Herbert. 

D 

Bandlera,  John. 

A 

BabbiU,  Henry  Bradford. 

A 

Ban  field,  Francis  Loring. 

A 

Babbitt,  Warren  Morris. 

A 

Bangs,  Charles  Howard. 

A 

Babcock,  Daniel  Arnold. 

A 

Bannon,  Bernard  James. 

D 

Baboock,  Elisha  Frenklin. 

D 

Bannon,  John  Hugh. 

A 

Babcock*  Francis  Lester. 

A 

Barbrlck,  John  Fraser. 

D 

Bactiand,  Joseph. 

D 

Bardwell,  Frederick  Albeit 

B 

Bacon,  Gi^enyille. 

A 

Baribault,  WillUm  Alfred. 

D 

Bacon,  John  Lowell,  Jr. 

D 

Baright,  Herbert  Edwin. 

A 

Bacon,  Jonas  Edward. 

A 

Barker,  Emilie  Jones. 

A 

Bacon ,  Joseph  Ambrose  Patrick. 

A 

Barker,  Frank  Jn«lin. 

D 

Bacon,  Theodore  Spaulding. 

D 

Barnard,  Relle  Strickland. 

D 

Badanes,  Ida. 

A 

Barnard,  Rebecca. 

D 

Badger,  Fremont  Dayton. 

A 

Bamaud,  Elie. 

B 

Badger,  George  Augustus. 

D 

Barnes,  George. 

D 

Badger,  George  Sherwln  Clarke. 

A 

Barnes,  Francis  Henry. 

A 

Bailey,  Charles. 

A 

Barnes,  Francis  John. 

A 

Bailey,  Charles  Hardy. 

A 

Barnes,  Henry  Jabea. 

D 

Bailey,  Ernest  Harry. 

A 

Barnes,  Ida  Florence. 

A 

Bailey,  George  Guy. 

A 

Bamea.  WillUro  Ellswoith. 

B 

Bailey,  George  Henry. 

D 

Barney,  Charles  Norton. 

B 

Bailey,  Henry  Plummer. 

A 

Barney,  Lucy  Robinson. 

D 

Bailey,  Marshall  Henry. 

D 

Barraclough,  Alfred  Whitley. 

A 

Bailey,  Stephen  Goodhue. 

A 

BaxrA,  Joseph  Aladin. 

D 

Bailey.  Walter  Channlng,'  Jr. 

E 

Barren,  Charles  Sewell. 

A 

Bailey,  William  Henry. 

A 

Barrel!,  George  Morton. 

B 

Bailey,  William  Howard. 

D 

Barrel!,  Maiy  Elisabeth. 

A 

Baird,  Julian  William. 

S 

Barrett,  Joe!  Lewis. 

A 

Baird,  William  Perry. 

A 

Barrett,  WilUam  MarshalL 

D 

Baker,  Chester  Monroe. 

A 

Barrows,  William  Esra. 

A 

Baker,  Flint  Almena  Jane. 

D 

Barry,  Emmet  WilUam. 

A 

Baker,  David  Erastus. 

D 

Barry,  James  Henry. 

A 

Baker,  Frank. 

D 

Barry,  John  Aloyslua. 

A 

Baker,  Frederick  Herbert. 

B 

Barry,  William  Coplnger. 

A 

Baker,  Harry  Beecher. 

A 

Barstow,  Beivamln  Packer. 

A 

Baker,  Jane  Sogers. 

A 

Barf>tow,  Henry  Taylor. 

B 

Baker,  Joseph  Calbeck. 

A 

Barttett,  Benjamin  Webber. 

A 

Baker,  Leiand  Madden. 

D 

Bartlett,  Charles  Watson. 

D 

Baker,  Lewis  Forrester. 

D 

Bartlett,  Clarence  SamoeU 

A 

Baker,  Lucius  Willard. 

A 

Bartlett,  Frederic  Rnseell. 

A 

Baker,  William  Henry. 

B 

Bartlett,  George  Pinkhaa. 

D 

Balch.  Alfred  William. 

A 

Bartlett,  Oliver  LesUe. 

A 

Balch,  Franklin  Greene. 

D 

Baxtlett,  Robert  Lander. 

D 

Baloom,  Elmer  Irving. 

E 

Bartlett,  Samuel  Danfonh. 

A 

Baloom,  George  Franklin. 

A 

Bartlett.  Solon. 

C 

Baloom,  John  Alvin. 

A 

Bartol.  John  Washburn. 

A 

A 

Barton,  Charies  Herbert. 
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A  Barton,  Cho«ter  Manley. 

A  Barton,  Jededlab  Marcus. 

D  Barton,  John  Alfred. 

B  Basford,  Jame«  Lendale. 

A  Bass,  William. 

D  Bassett,  Alice  Haley. 

A  Bassett,  Elton  James. 

A  Batchelder,  Frederick  Prescott. 

C  Batchelder,  Heory  Flanders. 

A  Batchelder,  John  Couch. 

A  Batchelder,  Mary  Ann. 

A  Batchelder,  William  Burdett. 

A  Bateman,  Frank  Elliot. 

A  Bates,  Everett  Alanson. 

C  Bates,  Mary  Elizabeth. 

D  Bates,  Walter  Simpson. 

A  Battershall,  Joseph  Ward. 

A  Battershall,  Mary  Hannah  Wolf- 
enden. 

A  Baxter,  Edward  Hooker. 

A  Baxter,  John. 

D  Baxter,  William  Ellhu 

D  Baylies,  Andrew. 

A  Baynum,  Mary  Herrick. 

A  Bazln,  Adelard. 

A  Beach,  Henry  Harris  Aubrey. 

D  Beal,  Herman  Alarlo. 

D  Beals,  Arthur  Loriag. 

A  Bean,  Charles  Pierce. 

A  Bean,  Qeorge  Henry. 

A  Bean,  Jacob  Walter. 

A  Beane,  Newell  Wesley. 

D  Beaton,  Alexander  Angus. 

D  Beaton,  Archibald  Edward. 

D  Beattie,  John. 

D  Beattie,  Robert  Fowler. 

A  Beatty,  Franklin  Thomason. 

A  Beaachamp,  Alm4. 

A  Beanchamp,  Joseph  Octare. 

A  Beanchamp,  Zenopfaide. 

A  Beandet,  Napoleon. 

A  Bedard,  Joseph  Arroand. 

A  Beebe,  George  Hatch. 

A  Beebe,  John  Belcher. 

A  Beebe,  Richard. 

B  Beecher,  John  Asbury. 

D  Beharrell,  Sarah  Ellxabeth. 

A  Beland,  Henry  Seveiln. 

A  Belanger,  Darid  Simeon. 

D  Belden,  Albert  Matsoa. 

B  Bell,  Christina  Eunice  Craw- 
ford. 

A  Bell,  George  Parson. 

A  Bel],  Homer  Simpson. 

A  Bell,  James  Baohelder. 

A  Bell,  Robert, 

D  Bell,  Robert  Eddy. 

A  Bell,  William  Appleton. 

D  Beltehumeor,  Stanislas  David. 


A 

Bellows,  Howard  Perry. 

A 

Bemis,  Cliarles  Albert. 

A 

Bends,  Charles  Vose. 

A 

Bemis,  John  Merrick. 

A 

Bemis,  Merrick. 

B 

Bemis,  Oscar  Adelbert. 

O 

Bender,  Prosper. 

D 

Benjamin,  Walter  Robinson. 

A 

Benner,  Bnmham  Roawell. 

D 

Benner,  Herbert  Orray. 

A 

Bennett,  Frederick  Sherwln. 

A 

Bennett,  John  Hllman. 

A 

Bennett,  William  Henry. 

D 

Bennett,  William  Hurlburt. 

A 

Bennltt,  Francis  Marion. 

A 

Benolt,  Benjamin. 

A 

Benoit,  Louis  Raymond. 

D 

Benson,  Charles  Sweotser. 

A 

Bent,  Gilbert  Wesley  Warren. 

D 

Berg,  Tekla  Amalla  Joseflua. 

B 

Bexgengren,  Frederick  Wilhelm 

Alexis. 

A 

Bergeron,  Francois  de  Borgia. 

A 

Bergeron,  Seraphin  Ens&be. 

D 

Bergwall,  Walter. 

B 

Berkman,  David  Wolf. 

D 

Berlin,  Fanny. 

A 

Bernard,  Barnard  Lechensack. 

D 

Bernard,  Flocker. 

D 

Bemauer,  Bmil  Constantlne. 

B 

Bemier,  Joseph  Adolphe. 

D 

Berry,  John  Cutting 

A 

Berry,  Laurlston. 

D 

Berry,  Walter  Durant. 

A 

Bertram,  WUlianr  Henry. 

D 

Bertrand,  Alexis  Bvartste. 

A 

Best,  Enoch  George. 

A 

Bothune,  Donald  John. 

A 

Betts,  Helen  Loretu. 

B 

Bicknell,  William  Horace. 

A 

Bigelow,  Charles  Edwin. 

A 

Bigelow,  Enos  Hoyt. 

A 

Bigelow,  Orvis  Furman. 

A 

Bigelow,  William  Sturgis. 

A 

Bill,  Harriet  Parmenter. 

A 

Billings,  William  Chester. 

A 

Bilodeau,  Wencelas. 

B 

Bingham,  Edna  Melvia. 

I> 

Bingham,  Russell. 

B 

Birch,  Sylvanus  Jutkins. 

D 

Birchard,  George  Grant. 

A 

Blrdseye,  Frederick  Gould. 

A 

Birge,  Ella  Freeman. 

A 

Birge,  WlUtam  Spafard. 

B 

Birmingham,  Lewis  Haydn. 

D 

Birmingham,  Louis  Uowland. 

A 

Birmingham,  Robert  Michael. 

D 

Biron,    Joseph    Frederic    Ro- 

dolphe. 
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A 

Blrtwell,  Charles  Ebeneser. 

A 

B 

Bishop,  Henry  Earl. 

A 

B 

Bishop,  Jane  Emma. 

C 

D 

Blxby,  Ernest  Pierre. 

A 

A 

Blxby,  JoBlah  Feet 

A 

A 

Blackmer,  John. 

A 

A 

Blackwood-Chamberlaln,  Ellen 

A 

Bamsdell. 

A 

A 

Blair,  Artiiur  Walter. 

A 

A 

Blair,  James  FnuiJdln. 

A 

A 

Blair,  John. 

A 

D 

Blair,  Orland  Rossini. 

A 

A 

Blals,  Pierre  Gaspard. 

A 

A 

Blalsdell,  George  Warren. 

A 

A 

Blalsdell,  James  Edward. 

A 

A 

Blalsdell,  Walter  Channlng. 

A 

A 

Blake,  Charles  Abbott. 

A 

A 

Blake,  Clarence  John. 

A 

A 

Blake,  Harrison  Gray. 

A 

A 

Blake,  John  Bapst. 

A 

A 

Blake,  John  George. 

A 

A 

Blake,  Le  Grand. 

A 

B 

Blake,  Mary  Jane. 

A 

A 

Blake,  Warren  Perkins. 

A 

D 

Blakely,  David  Newton. 

C 

A 

Blanchard,  Albert  Uenry. 

B 

A 

Blanchard,  Benjamin  Seaver. 

A 

1> 

Blanchard.  Randall  Howard. 

B 

A 

Blanchard,  Walter  Irving. 

A 

A 

Blanchette,  Alexander. 

A 

D 

Blanchette,  William  Henry. 

D 

A 

Bliss,  George  Danforth. 

A 

D 

Bliss,  Jesse  Leontl. 

C 

A 

Bliss,  WUbur  Howard. 

A 

A 

Blodgett,  Albert  George. 

D 

A 

Blodgett,  Albert  Novatas. 

I> 

A 

Blodgett,  Charles. 

B 

D 

Blodgett,  John  Hammond. 

D 

A 

Blodgett,  Stephen  HaskelL 

0 

A 

Blood,  Robeit  Allen. 

D 

A 

Blossom,  Aune  Moors. 

C 

A 

Boai-dDian,  William  Elbrldge. 

B 

A 

Boardman,  William  Sydney. 

A 

D 

Bohemler,  Joseph  Eugene  Na- 

B 

poleon. 

A 

A 

Boland,  Elisha  Shepherd. 

A 

A 

BoUes,  WlUlam  Palmer. 

A 

D 

Bolster,  Augustus  Sargent. 

A 

A 

Bolton,  (Charles  James. 

A 

D 

Bolton,  William  Jackson. 

A 

A 

Bond,  Aaron  John. 

A 

A 

Bond,  Sarah  Adams. 

A 

A 

Bond,  WllUs  George. 

A 

A 

Bongaru,  Walter  Eugene. 

A 

A 

Bonlay,  Josephus  Charles. 

A 

D 

Bonney,  Charles  Austin,  Jr. 

A 

A 

Bonney,  Franklin. 

A 

D 

Bonney,  Robert. 

A 

C 

Bonyman,  Harry  Evan. 

C 

Boody,  Charles  Hayes. 
Booth,  Anthony  Francis. 
Booth,  Edward  Channeey. 
Booth,  Robert. 
Boothby,  Alonzo. 
Boom,  Augustus  Keefer. 
Borden,  Henry  Francis. 
Bossldy,  John  Collins. 
Boeworth,  John  William. 
Bothfeld,  James  Francis. 
Bottomley,  John  Taylor. 
Boucher,  George  Alphonse. 
Boucher,  Joseph  Adelard. 
Bough,  Irvln  Gustavus. 
Bourbonnals,  HermengUde. 
Bowdltch,  Vincent  Tartiley. 
Bowen,  Charles  Wesley. 
Bowen,  John  Templecon. 
Bowen,  Merritt  Alpbonso. 
Bowen,  Seabnry  Warren. 
Bowen,  Seranns. 
Bowers,  Walter  Prentice. 
Bowker,  Alphonso  Varion. 
Bowker,  Charles. 
Bowker,  Everett  M. 
Bowker,  Horace  Leander. 
Bowker,  John  Copps. 
Bowker,  Samuel  Dawes. 
Bowles,  George  Hall. 
Bowlee,  Stephen  Wallace. 
Bowman,  Anthony  William. 
Bowman,  Fred  Raymond. 
Bowman,  Winthrop  Height. 
Boyd,  Herbert  Drummond. 
Boyd,  James  Van  Wagner. 
Boyce,  Alvln. 
Boyer,  Joel. 

Boylan,  Thomas  Edward. 
Boyle,  Alfred  John. 
Boyle,  Frank  Meagher. 
Boynton,  Edwin  Dana. 
Boynton,  Edwin  Moses. 
Boynton,  Royal  BnUard. 
Boynton,  Stella. 
Brace,  George  Welles. 
Brackett,  Elizabeth  Annaatada. 
Bmckett,  Elliott  Gray. 
Brackett,  Humphrey  FaU. 
Bradbury,  Charles  Huntreaa. 
Bradbury,  John  Elmer. 
Bradford,  Cary  Carpenter. 
Bradford.  Edward  Hickling. 
Bradford,  Henry  Wltliingtoa. 
Bradford,  Oliver  Leach. 
Bradley,  Charles  How. 
Bradley,  Charles  Seymour. 
BrafUey,  Hannah  Laura. 
Brmgdon,  George  Albert. 
Brmgdon,  Horace  Klwood. 
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A 

Brag9,  Francis  Adelbert. 

A 

Brooks,  William  Allen,  Jr. 

A 

Bralnerd,  John  BUss. 

D 

Brosseau,  Wilfrid  Arthur. 

A 

Braird,  William  Henry. 

A 

Brough,  David  Dandle. 

A 

Bralej,  Henry  Hudson. 

A 

Broagh,  Frank  Thomson. 

D 

Branch,  Charles  Franklin. 

D 

BroQghton,  Arthur  Nicholson. 

B 

Brande,  Charles  Drake. 

A 

Broughton,  Henry  White. 

A 

Brandt,  William  Bagene. 

D 

Brousseau,  William  Gilbert. 

A 

Branscomb,  William  Gower. 

A 

Brown,  Alden  Woodbridge. 

A 

Bray,  Amanda  Currier. 

D 

Brown,  Alphonso  Bickfoi-d. 

A 

Bray,  Edward  Van  Deusen. 

A 

Brown,  Anthony  Leopold. 

A 

Brechin,  William  Pitt. 

A 

Brown,  Charles  Kobinson. 

A 

Breck,  Samuel. 

A 

Brown,  Daniel  Eugene. 

A 

Breck,  Theodore  Frelinghuysen. 

A 

Brown,  Daniel  Joseph. 

D 

Breltllng,  Joseph  Cashman. 

D 

Brown,  Daniel  Bollins. 

A 

Brennan,  John  Joseph. 

D 

Brown,  Edward  Manning. 

A 

Bresenham,  Charles  Wilson. 

D 

Brown,  Edward  Wells. 

B 

Breton,  Joseph  Henry. 

A 

Brown,  Edwin  Coleman. 

D 

Brett,  Edward  Joseph. 

A 

Brown,  Electa  Ann. 

A 

Brett,  Frank  Wallace. 

B 

Brown,  Eugene  Merchants. 

A 

Brewster,  George  Washington 

A 

Brown,  Francis  Henry. 

Wales. 

A 

Brown,  Frank  Byron. 

A 

Brewster,  James  Bartlett. 

A 

Brown,  Frederick  Augustus. 

A 

Brewster,  Mary  Jones. 

D 

Brown,  Harry  Alhertus. 

A 

Brick,  Francis. 

A 

Brown,  Henry  Rlenzl. 

D 

Brickett,  Beatrice  Hannah. 

D 

Brown,  Henry  Rolf. 

A 

Bridgham,  Charles  Burr. 

A 

Brown,  Henry  Wilson. 

D 

Bridgham,  Samuel  Crosby. 

B 

Brown,  Jacob  Wales. 

A 

Bridgman,  Marcus  Fayette. 

A 

Brown,  John  Peaslee. 

A 

Brlggs,  Charles  Albert. 

A 

Brown,  Marshall  Lebanon. 

D 

Brlggs,  Charles  Edwin. 

A 

Brown,  Martin  Millard. 

A 

Brlggs,  Charles  Poor. 

D 

Brown,  Melyln  James. 

A 

Brlggs,  Clifton  Dean. 

A 

Brown,  Milton  Douglas. 

A 

Brlggs,  Edward  Cornelius. 

A 

Brown,  Orestes  Morton. 

A 

Brlggs,  Frederic  Melancthon. 

A 

Brown,  Orland  Jonas. 

B 

Brlggs,  James  Henry. 

A 

Brown,  Plumb,  Jr. 

A 

Brlggs,  Joseph  Emmons. 

A 

Brown,  Roscoe  Ellsworth. 

I> 

Brigham,  Clarence  Sumner. 

A 

Brown,  Wallace  Everett. 

A 

Brigham,  Edwin  Howard. 

A 

Brown,  Wilfred  Gardner. 

A 

Brigham,  Frank  Fontelle. 

B 

Brown,  William  Edward. 

A 

Brigham,  Franklin  Whiting. 

B 

Brown.  William  Francis. 

D 

Brigham,  Fred  Clayton. 

B 

Brown,  William  Ronald. 

A 

Brigham,  Hubbard  Hammond. 

A 

Brown,  William  Symington. 

D 

Brightman,  Helen. 

A 

Brown,  Windsor  Aldrich. 

A 

Brimmer,  Ida  Ludnda. 

A 

Browne,  Percy  Gilbert. 

D 

Brlndamour,  Joseph  Edmond. 

A 

Browne,  Proctor  Kinsman. 

A 

Brindisi,  Bocco. 

A 

Browne.  Will  Warpool. 

A 

Brlssett,  Henry  Bupert. 

A 

Brownell,  De  Ette. 

A 

Brock,  Charles  Fremont. 

A 

Brownell,  William  Ellery. 

A 

Brockway,  Charles  Henry. 

D 

Brown rigg,  Albert  Edward. 

D 

Broderick,  Frank  Patrick. 

A 

Brownrigg,  .Tohn  Sylvester. 

A 

Broderick,  Thomas  Joseph. 

D 

Bruce,  Charles  Wesley. 

D. 

Broga,  William  Wallace. 

A 

Bruce,  Daniel  Angus. 

A 

Broidrlck,  James  Patrick. 

A 

Bruce,  Emily  Allen. 

B 

Brooks,  Frank. 

A 

Bruce,  Frank  Colverd. 

B 

Brooks,  George  Frederick. 

A 

Bruce,  John  Angus. 

A 

Brooks,  James  Fenner. 

D 

Brunelle,  Pierre. 

A 

Brooks,  Lawton  Stickney. 

D 

Brush,  Frederic  Louis. 

A 

Brooks,  Samuel  Doolittle. 

A 

Bryant,  Alice  Gertrude. 

D 

Brooks,  Simeon  Pomeroy. 

A 

Bryant,  Anna  Mary  Dorr. 
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A 

• 
Bryant,  Edward  GUman.  • 

A 

A 

Bryant,  Giles  Walte. 

A 

Barrel!,  Benjamin  Henry. 

A 

Bryant,  John. 

A 

Burrell,  Herbert  Leslie. 

A 

Bryant,  Lewis  Lincoln. 

D 

A 

Bryant,  Virginia  Frances. 

D 

Burt.  Charles  Kellogg. 

A 

Bryant,  William  Sohler. 

A 

Burt,  Frank  Leslie. 

A 

Bryson,  Adelbert  Allen. 

A 

Bunch,  Harry  Meroetn. 

A 

Back,  AvgUBtas  Walter. 

A 

Burton,  Charles  WUllam. 

A 

Buck,  Charles  John. 

D 

Barton,  James. 

D 

Back,  Edward  Terry. 

A 

Burton,  Stephen  Caspar. 

C 

Bock,  Howard  Mendenhall. 

A 

Bush.  John  Standlsh  Foster. 

D 

Buck,  Maurice  AUon. 

C 

Bushee,  James  Anaon. 

A 

Buckingham,  Edward  Marshall. 

A 

Bushnell,  Homer. 

A 

Buckley,  John  FraneU. 

B 

Buswell,  Arthur  Trae. 

A 

Buckley,  Philip  Townsend. 

E 

Butler,  Charles  Shorey. 

D 

Buehler,  George  Van  Busklrk. 

D 

Butler,  George  Bdwaid. 

I> 

BaffuRi,  Herbert  Edwin. 

A 

Butler,  John  Edward. 

D 

Bugbee,  Marion  Louise. 

D 

Butler,  Rodman. 

D 

Buhrman,  Ettle  Ray. 

A 

Butler,  Winthrop. 

A 

Bui  finch,  George  Greenleal 

D 

Butler,  William  Hodnett. 

A 

Bullard,  George  BU. 

D 

Buttler  Charles  Vooriiees. 

A 

Bullard,  Herbert  Cutler. 

B 

Butman,  William  Aaron. 

C 

Bullard,  John  Thornton. 

A 

Butterfield,  George  Wash- 

A 

Bullard,  William  Norton. 

Ington. 

C 

Bullock,  Edwin  Warren. 

C 

Butterworth,  Mary  Fnuices. 

A 

Bullock,  George  Dexter. 

A 

Buuell,  Daniel  Thompson. 

I> 

Bump,  Lewis  Nye. 

A 

Bychower,  Victor. 

C 

Bumstead,  Serano  Edwards 

I> 

Byers,  David  Walter. 

Dwlght. 

I> 

Byrne,  Charles  Armstrong. 

A 

A 

Cabana,  Loots  Vletor. 

D 

Bunn,  Frank  Caulklns. 

A 

Cabot,  Arthur  Tracy. 

C 

Burchroore,  Cbaries  Francis 

D 

Cabot,  Hugh. 

Preston. 

A 

Cabot,  Richard  Clark. 

B 

Burden,  Ernest  Dmecllla. 

A 

Cahlll,  Charles  Sumner. 

A 

Burge,  William  Prentice. 

A 

Cahill,  Eltsa  Baekman. 

B 

Burgess,  Albert  Lindsey. 

A 

Cahlll,  George  Stephen. 

D 

Burgess,  Charles  James. 

E 

Cahill,  John  Thomas. 

A 

Burgess,  OArer  Graham. 

A 

Calger,  Albert  Edward. 

D 

Burke,  Ernest  Glsbome. 

0 

Cain,  Henry  Walter. 

A 

Burke,  James  Joseph. 

E 

Cain,  Maade  Floreaoe. 

D 

Burke,  Michael  Francis. 

A 

Catn,  WUUe  George. 

A 

Burke,  William  George. 

D 

Caithness,  George  Eagar. 

A 

Burleigh,  Charles. 

A 

Calder,  Jamee  Squair. 

A 

Burleigh,  Frederick  Wing. 

A 

Calderwood,  Samoel  Herbert 

D 

Burleigh,  Robert  Fletcher. 

D 

CaldweU.  Albert  Frandf .  Jr. 

D 

Bumell,  Charles  WiUard. 

G 

Caldwell,  George  Peters. 

A 

Burnett,  Frank  George. 

A 

Calkins,  Barry  Howes. 

A 

Burnett,  Frank  HolUs. 

A 

Calkins,  Cheney  Bosmer. 

A 

Burnett,  Fred  Nelson. 

D 

Calkins,  Irrlng  Bomaro. 

A 

Burnett,  Theodore  Crkti. 

A 

Calkins,  Marshall. 

D 

Burnett,  William  Walton. 

A 

Call,  Emma  Louisa. 

A 

Bumham,  Charles  Abraham. 

A 

A 

Bumham,  Elmond  Arthur. 

A 

Callender,  Charles  Hariow. 

D 

Bumham,  Frederick  Gray. 

D 

Calnane,  John  Andrew. 

D 

Bums,  Frederick  Stanford. 

D 

Cameron,  Charies  Bmest. 

A 

Bums,  Hiram  Hutehlns. 

A 

Cameron,  Ewan. 

D 

Burpee,  Carroll  C<riby. 

C 

CamUll,  Robert  Emmet 

D 

Burque,  Joseph  George. 

A 

Camp,  Charies  Well ord. 

A 

Burr,  Charles  Henry. 

A 

Camp,  Mary  Angoata. 
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A 

Camp,  Samnel. 

A 

Carter,  Robert  Llndsey. 

D 

Campbell,  Annie  Butterfleld. 

C 

Carter,  Theron  Harlow. 

C 

Campbell,  Benjamin  Franklin. 

B 

Carver,  Ichabod. 

A 

Campbell,  Fidelia  Green. 

A 

Carvlll,  Alphonso  Holland. 

B 

Campbell,  Henry  French. 

D 

Gary,  Foster  Harrington. 

B 

Campbell,  James  Parker. 

D 

Casgraln,  Charles  Arthur. 

A 

Campbell,  Patrick  Henrj. 

D 

Casselbury,   Clare&ce    Marma- 

D 

Cane,  Francis  Edward. 

duke. 

A 

Canedy,  Francis  Joel. 

D 

Castle,  Edward  Beardslee. 

A 

Canedy,  Fred  Snow. 

A 

Castle,  James. 

D 

Canedy,  Ransford  De  Los. 

D 

Gate,  Frederick  Symon. 

D 

Canfeld,  Ralph  Metcalf. 

A 

Gate,  George  Riley. 

A 

Canglano,  Marco  Antonio. 

F 

Gate,  Shadraok  Mellen. 

J> 

Canney,  Ellen  Rose. 

D 

Caulfleld.  George  Beresford. 

B 

Canning,  Jobn  Francis. 

C 

Cavanagh,  Charles  Russell. 

A 

Cannon,  David  Howland. 

A 

Cavanagh,  Walter  James. 

D 

Capelle,  Charles  Stanislaus. 

D 

Gavanaugh,  Mortimer  Thomas. 

A 

Capen,  Samuel  Ross. 

A 

Gelce,  Frank  Frederick. 

A 

Capen,  Thomas  Allyn. 

A 

Gelce,  Jean  Henriette. 

D 

Capps,  Joseph  Almarin. 

D 

Chaoe,  Ann  H. 

D 

Carbone,  Giovanni. 

A 

Ghadboume,  Arthur  Patterson. 

A 

Card,  Frank  Edwin. 

A 

Ghadboume,  Francis  Watte. 

IB 

Garden,  Charles  James. 

C 

Ghadwick,  Henry  Dexter. 

D 

Carl,  Bertha  Frederica. 

A 

Ghadwick,  James  Bead. 

D 

Carl,  Isaac  Daniel. 

D 

Chaffers,  Joseph. 

G 

Carleton,  Dudley. 

A 

Chagnon,  Charles  Emile. 

A 

Carleton,  Francis  Boyd. 

A 

Ghagnon,  Joseph  Samuel. 

A 

Carleton,  Ralph. 

A 

Chagnon,  Winceslas  John  Bap- 

A 

Carleton,  Charles  Greenleaf. 

tiste. 

A 

Carleton,  Charles  Horace. 

A 

Chalifauz,    Joseph    Herm^D^- 

A 

Carleton,  Elizabeth  Abbott. 

glide. 

A 

Carlton,  Charles  Augustus. 

A 

Chalmers,  Robert. 

C 

Carlton,  Mary  Elisabeth. 

A 

Chamberlain,  Gyrus  Nathaniel. 

A 

Carmichael,  John  Hosea. 

A 

Chamberlain,  George  Felton. 

A 

Carolin,  William  Terence. 

D 

Chamberlain,  George  Elliott. 

A 

Carpentor,  Charles  Ormando. 

A 

Chamberlain,  George  Washing- 

A 

Carpentor,  Edward  Annon. 

ton. 

B 

Carpenter,  George  Clifton. 

A 

Chamberlain,  Myron  Leon. 

A 

Carpenter,  Helen  Braddook. 

A 

Chamberialn,  William  Eugene. 

B 

Carpenter,  Julia  May. 

A 

Chamberlln,  Edward  Henry. 

B 

Carpenter,  Mary  Adelaide. 

B 

Ghamberlin,  James  Prescott. 

B 

Carpenter,  Sylvester  Stiles. 

D 

Chamberlln,  Theodore. 

A 

Carpentor,  William  Henry. 

A 

Champlln,  Martha  Godfrey. 

D 

Carr,  Bernard  Joseph. 

A 

Chandler,  Henry  Beckles. 

A 

Carr,  Frank  Fletoher. 

B 

Chandler,  Ira. 

D 

Carr,  George  Byron. 

A 

Chandler,  Luther  Graves. 

A 

Carr,  Lucy  Steams. 

A 

Chandler,  Norman  FitcJi. 

A 

Carr,  Walter  Sherman. 

A 

Channing,  Walter. 

B 

Carroll,  Elisabeth  Mlnnette. 

D 

Ghapin,  Alva  Le  Roy. 

A 

Carroll,  Francis  Edward. 

D 

Chapin,  ClIlTord  Samuel. 

A 

Carroll,  John  Aloysius. 

A 

Chapin,  Delia  Lucretla. 

D 

Carroll,  John  Philip. 

A 

Ghapin,  Frederic  Wilcox. 

A 

Carroll,  Thomas  Francis. 

A 

Ghapin,  Walter  Henry. 

A 

Carroll,  William  Edward. 

A 

Chapman,  Charles  Ratohford. 

A 

Carruth,  Sidney  Stetson. 

D 

Chapman,  Howard  Jones. 

A 

Carson,  Paul. 

D 

Chapman,  William  Louis. 

B 

Carter,  Curtis  Sumner. 

A 

Charbonneau,  Joseph. 

A 

Carter,  Frank  Henry. 

D 

Gharbonneau,  Noe  Napoleon. 

A 

Carter,  Mills  Olcott. 

A 

Charbonneau,  Oliver. 
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A 

Charles,  Orlando  Warrington. 

D 

Clark,  Albert  Ulysses  Franklin. 

D 

Cbarron,  Joseph  Bosarlo. 

A 

ClariE,  Caleb  Wakefield. 

D 

Chartorls,  Mary  Alena. 

A 

Clark,  Clinton  Dewey. 

A 

Chase,  Arthur  Brown. 

A 

Clark,  David. 

A 

Chase,  Augustus  Lucius. 

D 

Clark,  Ezra  W. 

A 

Chase,  Charles  Edmund. 

C 

Clark,  Frederick  Lincoln. 

C 

Chase,  Charles  Tristram. 

D 

Clark,  Frederick  Timothy. 

D 

Chase,  Daniel  Emery,  Jr. 

A 

Clark,  George  Henry. 

A 

Chase,  DeForest  WoodrnflT. 

A 

Clark,  George  StiUmaa. 

D 

Chase,  Edwin  Llwellyn. 

A 

Clark,  Homer. 

A 

Chase,  Ell  Ayer. 

A 

Clark,  Henry  Frederick. 

D 

Chase,  Fnuik  HUls. 

A 

Clark,  James  Colby  Doir. 

A 

Chase,  Henry  Melville. 

A 

Clark,  James  Samuel. 

A 

Chase,  Heman  Lincoln. 

A 

Clark,  John  Marther. 

A 

Chase,  Herbert  Augustus. 

A 

Clark,  Joseph  Eddy. 

A 

Chase,  Hiram  Luce. 

A 

Clark,  Joseph  Leonldas. 

A 

Chase,  Horace. 

A 

Clark,  Julius  Stimpson. 

A 

Chase,  Irah  Eaton. 

A 

Clark,  Leonard  Brown. 

A 

Chase,  John  Wtnslow. 

A 

Clark,  May  Chadboom. 

A 

Chase,  Joseph  Jr. 

A 

Clark,  Beth  Corbln. 

A 

Chase,  Richard  Flteh. 

A 

Clark,  Sidney  Avery. 

A 

Chase,  William  Bradley. 

A 

Clark,  Stephen  Wilson. 

A 

Cheever,  Clarence  Alonso. 

A 

Clark,  Theodore  Wright. 

A 

CheeTer,  DaTld  WUllams. 

D 

Clark,  Walter  Almon. 

A 

Chenery,  EUsha. 

A 

Clark,  Walter  Thomas. 

A 

Chenery,  William  Ellsha. 

D 

Clark,  William  Goodwin  Chad- 

A 

Cheney,  Frederick  Edward. 

bourne. 

A 

Cheney,  Oscar  Dustln. 

A 

Clark,  William  Henry. 

B 

Cherrlngton,  LeBoy  Jonea. 

A 

Clarke,  Augustus  Peck. 

B 

Cherry,  James  B. 

A 

Clarke,  Edith  LeavltU 

D 

Chesnutt,  Arthur  Allan. 

A 

Clarke,  Edwin  Angnstaa. 

B 

Chick,  William  Harrison. 

A- 

Clarke,  George  Clarendon. 

C 

Chicolne,  Isidore  Hermanlgllde. 

A 

Clarke,  Gieorge  Salisbwx. 

A 

Child,  Edward  Moses. 

A 

Clarke,  Henry  Little. 

A 

Chllds,  Helen  Slmonds^ 

A 

Clarke,  Israel  Jamea. 

A 

Chlpman,  Anna  Mary. 

B 

Clarke,  John  Heniy. 

A 

Chlpman,  WlllUm  Reginald. 

A 

Clarke,  Joseph  Payson. 

A 

Chlrnrg,  Michael. 

A 

Clarke,  Louis  Henry. 

A 

Chlsholm,  WUUam  James. 

A 

Clarke,  Maurice  Dwight. 

A 

Chlsholro,  William  Parmer. 

A 

Clarke,  MorUmer  Hall. 

A 

Choate,  David. 

A 

Clarke,  WlllUm  Crocker. 

D 

Chorllan,  Klrkor  Hovhannes. 

0 

Clarke,  WUUam  Johnson. 

A 

Chubbuck,  Lurana  Abble. 

E 

Clarkson,  Thomas  Carbarns. 

A 

Church,  Adallne  Barnard. 

D 

Cleaveland,  Daniel  Atbeam. 

A 

Church,  Benjamin  Taylor. 

D 

Cleaves,  Frederick  Henry. 

J> 

Church,  Charles  Albert. 

A 

Cleaves,  James  Edwin. 

A 

Church,  Herbert  Ashley. 

D 

Cleghom,  ADen  MacKenxie. 

J> 

Church,  Mary  Violet. 

D 

Clement,  Allen  Bell. 

E 

Churchill,  Donald. 

A 

Clement,  George  Collmm. 

C 

Chute,  Arthur  Lambert. 

A 

Clement,  George  WUmot. 

A 

Cllley,  Daniel  Plumer. 

A 

Clement,  Lydia  RamsdelL 

A 

CUley,  Orran  George. 

B 

Cleveland,  Heber  Howe. 

B 

Claflln,  Anna  Frances. 

A 

Cliff,  Leander  Albert. 

A 

Clancy,  William  Henry. 

C 

Cim,  Joseph  Walea. 

E 

Clapp,  Edmund  Wright. 

A 

Clock,  Frank  Benson. 

A 

Clapp,  Frank  Horace. 

A 

Clongh,  Benjamin  FrankUa* 

A 

Clapp,  Herbert  Codman. 

B 

Clough,  Charies  WUUam. 

A 

Clapp,  James  Wilkinson. 

E 

Clongh«  Frank  Herbert. 

B 

Clarendon,  James  Campbell. 

A 

Clontler,  Felix  Joseph. 
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A 

Coady,  Patrick  Francis. 

B 

Colvln,  William  Henry. 

A 

Cobb,  Albert  Crocker. 

A 

Combs,  Leander  Warren. 

A 

Cobb,  CaroluB  Melville. 

A 

Comey,  Perley  Pierce. 

A 

Cobb,  Charles  Henry. 

A 

Comtois,  Odllon  Joseph. 

A 

Cobb,  Farrar  Crane. 

A 

Conant,  Thomas. 

A 

Cobb,  Frederic  Codroan. 

A 

Conant,  William  Merrltt. 

A 

Cobb,  Harriet  Hodges. 

A 

Cone,  Dwlght  Eleazer. 

D 

Cobb,  Oliver  Warren. 

A 

Congdon,  Lennler. 

A 

Cobum,  Henry  Harrison. 

B 

Congreve,  James  Mandeville. 

A 

Cobum,  William  Franklin. 

D 

Conkey,  Caroline  Boot. 

A 

Cochran,  George  Buck. 

D 

Conklin,  Jay  Robert. 

A 

Cochran,  William  James. 

a' 

Conlan,  Thomas. 

A 

Cocke,  James  Richard. 

D 

Conlln,  Joseph  Michael. 

A 

Codding,  Edwin  Hayden. 

A 

Conlon,  Andrew  Aloysius. 

C 

Codman,  Ernest  Amory. 

A 

Conn,  Henry  Leon. 

A 

Cody,  Edmond  Francis. 

A 

Connell,  Arthur  Irving. 

D 

Coffey,  Leonard  James. 

A 

Connell,  Charles  Walter. 

A 

Coffin,  Arthur  Baylies. 

D 

Connor,  Chandos  Burton. 

A 

Coffin,  John  Lambert. 

B 

Connlhan,  Edward  Joseph. 

A 

Coffin,  Juliet  Evelyn. 

D 

Connor,  Charles  Frank. 

D 

Coffin,  Rockwell  Augustus. 

A 

Connors,  WiUett  Spurgeon. 

A 

Cogan,  Joseph  Ambrose. 

D 

Conroy,  Edward  Cornelius. 

C 

Coggeshall,  Frederic. 

A 

Conroy,  Peter  John. 

A 

Coggin  David. 

A 

Constans,  Frank  Elmore. 

A 

Coghlan,  John  Nicholas. 

B 

Contr^,  Paciflque. 

A 

Cogswell,  Charles  Frederick. 

A 

Conway,  James  Henry. 

A 

Cogswell,  Charles  Hale. 

A 

A 

Cogswell,  Edward  Russell. 

A 

A 

Cogswell,  George  Proctor. 

A 

A 

Cogswell,  William,  Jr. 

D 

D 

Cohill,  David  Toung. 

A 

D 

Col  bum,  Frederick  Wilkinson. 

D 

D 

Colbum,  Harry  Hayford. 

A 

A 

Colby,  Edward  Porter. 

A 

A 

Colby,  Edwin  Alonzo. 

A 

D 

Colby,  Fred  Bennett. 

D 

D 

Colby,  Gllman. 

A 

B 

Colby,  Sarah  Ann. 

A 

A 

Colcord,  Daniel  Webster. 

A 

A 

Cole,  Charles  Ulggins. 

A 

A 

Cole,  David  Sroalley. 

A 

D 

Cole,  Lorenzo  Waite. 

A 

A 

Cole,  Ralph  Marcus. 

A 

B 

Cole,  Stillman  Asbury. 

A 

A 

Cole,  William  Ezra. 

A 

A 

Coleman,  Ellenwood  Bunker. 

A 

A 

Collamore  Francis. 

A 

A 

Collet,  Peter  AchiUe  Anaclet. 

B 

A 

Collier,  Lawrence  Henry  Good- 

A 

win. 

A 

A 

Collins,  David  Aloysius. 

D 

A 

Collins,  Edgar  Clarence. 

D 

D 

Collins,  John  James. 

A 

A 

Collins,  OrviUe  William. 

D 

D 

Collins,  Wallace  Jason. 

A 

A 

Collins,  William  Droien. 

A 

D 

Collins,  William  James. 

A 

A 

Colt,  Henry. 

A 

A 

Colton,  John  Jay. 

D 

Cook,  Charles  Henry. 
Cook,  George  Andrews. 
Cook,  MaboU  Melissa. 
Cooke,  Henry  Arnold. 
Cooke,  Snow  Parker  Freeman. 
Cooley,  Abbott  Lathrop. 
Coolidge,  Algernon,  Jr. 
Coolidge,  David  Goldthwalt. 
Coolidge,  John  Kelson. 
Coon,  George  Bailey. 
Coon,  Marion. 
Cooper,  Almon. 
Cooper,  Hermon. 
Copeland,  Charles  Ward. 
Copeland,  Elmer  Humphrey. 
Copeland,  Horatio  Franklin. 
Copeland,  William  Henry. 
Copp,  Owen. 
Corcoran,  Luke. 
Corey,  Francis  Edwin. 
Corliss,  Oscar  Luzerne. 
Combloom,  Charles. 
Cornish,  Aaron. 
Cornish,  Theodore  Osgood. 
Comwell,  Edwin  Sylvester. 
Corr,  Francis  Zavier. 
Corrigan,  John  Patrick. 
Costello,  John  Henry. 
Cote,  CamiUe. 
Cotterell,  Samuel  Parker. 
Cotton,  Frederic  Jay. 
Couch,  John  Francis. 
Couch,  Oscar  Roberts. 
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A 

Couch,  WUUam  Antbooy. 

A 

CroweU,  Samuel. 

C 

Coues,  William  Pearce. 

A 

Crowell,  Willis  E. 

A 

Coagbllo,  John  William. 

I> 

Crowley.  Ambrose. 

A 

Conlllard,  Pierre  Leonard. 

A 

Crowley,  Jeremiah  Prancl*. 

A 

Councilman,  William  Thomas. 

D 

Crowley,  John  Michael. 

A 

Courtney ,  Joneph  William. 

B 

Crownlnshleld,  Phoebe. 

K 

Courtney,  Samuel  Edward. 

A 

Crozier,  Thomas. 

A 

Cousens,  Nicholas  William. 

C 

Cmikshank,  Herbert  Wycbe. 

A 

Couture,  Michael  Horatius. 

A 

Culbert,  Robert  Ronayne. 

A 

Cowden,  J.  Morrow. 

A 

Culbertson,  Emma  Valeria  P.  B. 

C 

Cowdrey,  Arthur  Harris. 

A 

Culyer,  Jane  Keodrick. 

A 

Cowles,  Edward. 

D 

Cummin,  John  White. 

A 

Cowles,  Frank  Augustus. 

A 

Cummlngs,  Chartea  Steams. 

A 

Cowles,  Fred  Waterman. 

A 

Cummings,  Edwin  Frands. 

A 

Cowles,  Slgoumey  Trask. 

D 

Cummlngs,  Frederick  Russell. 

A 

Cowles,  William  Norman. 

A 

Cummings,  Irving  Oscar. 

D 

Cox,  Gardner. 

A 

Cummings,  Maria  LfOulsa. 

A 

Coy,  Seth  Wlllard. 

A 

Cummings,  Michael  Aloysins. 

I> 

Coyle,  Walter  Edward. 

A 

Cummlngs,  Mott  AWah. 

D 

Coyne,  James  Augustine. 

B 

Cummings,  Wlllard  Corydon. 

A 

Crabtree,  Addison  Darre. 

A 

Cumston,  Charles  Greene. 

A 

Cragln,  Francis  Milton. 

A 

Cundall,  Charles  Carol. 

A 

Craig,  Daniel  Hiram. 

B 

Cuneo,  Augustus. 

A 

Cralgin,  George  Arthur. 

A 

Cunningham,  BeiO<unln  Frasler. 

A 

Cram,  John  Wesley. 

A 

Cunningham,  Joeeph  Henry. 

D 

Cramm,  William  Edward. 

A 

D 

Crandell,  Arthur  Richmond. 

D 

Curley,  George  Frederick. 

D 

Crandon,  Le  Roi  Goddard. 

A 

Curran,  diaries  Henry. 

A 

Crane,  George  Walker. 

A 

Curran,  Charles  James. 

A 

Crawford,  Charles  Henry. 

A 

Currie,  John  Zebnkm. 

D 

Crawford,  Francis  Xavier. 

A 

Currier,  Mary  Barnard. 

A 

Crawford,  John  William. 

A 

Currier,  May  Carrie. 

A 

Crawford,  Sarah  Maroy. 

A 

Currier.  WUUam  Hale. 

A 

Crisand,  Carl. 

D 

Curry,  Edwaxtl  Flanham. 

D 

Crlttendon,  Rnfus  Asaph. 

D 

Curry,  Joseph  James. 

A 

Croacher,  Anna  Wood. 

E 

Cortia,  Belle  Doru. 

A 

Crocker,  Benton  Pulsifer. 

A 

Curtis,  FraBds  George. 

A 

Crocker,  John  Myrick. 

A 

Cnitls,HaU. 

A 

Crocker,  Susan  Eliiabeth. 

A 

Curtis,  Henry  Fuller. 

A 

Crocker,  Wlllard  Crafts. 

A 

Curtis,  Lucian  Willis. 

A 

Crockett*  Eugene  Antbony. 

B 

Curtis,  Thomus  Miscbdl. 

B 

CixMrkett,  Fred. 

D 

Curtis,  WlUlam  Goodwin. 

A 

Crockett,  Frederick  Eugene. 

A 

CusblBg,  AlTin  Mathew. 

D 

i>oft,  Bei^iamin  Pomeroy. 

A 

Cushlng.  Eruest  Watsou. 

D 

Crt^fts,  Nicholas  Matthew. 

A 

CusUng.  Eugene  Boaapait 

A 

Cn>Bin,  Henry  Wimam. 

A 

Cushlng,  Harmd  WAneu. 

l> 

Croaln,  Jeremiah  Augustus, 

A 

Cualdsy.  Heury  Tpseph 

D 

Croaln.  Joeeph  John. 

A 

CuahlBg.  Ira  Banvw^ 

D 

iVonin,  Michael  John. 

A 

Cusklng.  OUrcr  rrruuld. 

D 

Cronln,  Thomas  Joseph. 

A 

Cttshasau.  Audivw  Bcnard. 

1> 

Crooker.  Hlimm  Henry. 

A 

1 

Cuihwau.  George  Tbs— s> 

D 

Crusbr,  Frederic  Chandler. 

'          D 

Puffh— .  MarrFlsyd. 

A 

Cn>ds,  Grace  Ella. 

D 

CUiirk.  Tkom^  F^uivi^ 

A 

Otv*k  Hlz^m  Bll^ 

A 

Cutler.  Cecil  SSTfew. 

D 

Ctw^  WUZiaaA  Patrick. 

A 

Cuticr.  Ctezfc*  Lewis^  Jr. 

A 

i^MMaan,  Prank  Albett. 

B 

Ottler,  Ckaries  Newtou. 

A 

Crx^«toB.  John  Ftaacfts. 

A 

I^rltr  FitTTUTTl  ffatin  1 

D 

CmttT.  TtMMMS  Bc«i7. 

A 

C 

CtvweU.  Banaak  BalL 

• 

B 

C«l».C-.^ 
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A 

Cutler,  James  Tuoker. 

D 

Davis,  Myron,  Jr. 

A 

Cutler,  William  Bullard. 

C 

Davis,  Myron  Henry. 

A 

Cutler,  William  Clark. 

A 

Davis,  Nathan  Johnson. 

A 

Cutter,  Charles  Kimball. 

D 

Davis,  Percy  Guy. 

A 

Cutter,  Edward  Jones. 

A 

Davis,  Roland  Augustus. 

A 

Cutter,  Ephralm. 

A 

Davis,  Samuel  Alonzo. 

A 

Cutter,  John  Ashburton. 

A 

Davis,  Samuel  Thomas. 

A 

Cutter,  John  Clarence. 

D 

Davis,  Stephen  Rich. 

A 

Cutts,  Ifarry  Madison. 

A 

Davis,  Wesley. 

A 

Daigncault,  Joseph  Arthur. 

B 

Davis,  William  Everett. 

D 

Dailoy,  Richard  Connell. 

E 

Davis,  William  Horace. 

A 

Dally,  John  Wesley. 

B 

Davis.  William  Philip. 

A 

Dake,  Dumont  Charles. 

D 

Davis,  Winnlfred  Puffer. 

A 

Dakin,  Edward  Arthur. 

C 

Davison,  Archibald  Thompson. 

A 

Dakln,  Mary  Anna  Dorgan. 

A 

Dawes,  William  Greenlcaf. 

A 

Dale,  John  Lombard. 

A 

Day,  Clarence  Currier. 

A 

Daley,  Robert  Nicholas. 

B 

Day,  Henry  Bailey. 

D 

Dalton,  John  Edward. 

D 

Day,  James  Arnold. 

D 

Dalton,  Martin  James. 

D 

Day,  Joslah  Fisher. 

D 

Dalton,  Michael  Henry. 

A 

Deal,  Edward  Edwin. 

A 

Daly,  Bernani  Thomas. 

A 

Deal,  George  Francis. 

A 

Daly,  James. 

A 

De  Amezaga,  Gualtiero. 

A 

Daly,  Richard  Francis. 

D 

Dean,  Charles  Henry. 

D 

Daly,  Timothy  Joseph. 

D 

Dean,  Ralph  Dennlston. 

C 

Daly,  William  Joseph. 

A 

Deane,  Adams  Calhoun. 

A 

Dam,  Alvah  Morton. 

A 

Deane,  Asahel  Sumner. 

D 

Dame,  Fred  Russell. 

A 

Deane,  Ebenezer  Alexander. 

A 

Damon,  Arthur  Lowylenn. 

A 

Deane,  Henry  Augustus. 

A 

Damon,  Newcomb  Lincoln. 

A 

Deane,  James  Robinson. 

A 

Dane,  John. 

A 

Deane,  Wallace  Harlow. 

D 

Daniel,  Vivian. 

A 

De»ns,  Herbert  Clair. 

A 

Daniels,  Edward  William. 

A 

Dearborn,  Alvah  Berton. 

A 

Daniels,  Edwin  Alfred. 

A 

Dearborn,  John  George. 

E 

Daniels,  Roy  Adelbert. 

A 

Dearborn,  John  Henry. 

D 

Darby,  Edward  Arthur. 

A 

Dearborn,  Reuben  Fletcher. 

D 

Darby,  Margaret  Gumey. 

A 

Dearing,  Henry  Lincoln. 

D 

Darling,  Cassius  Harriot. 

A 

Dearlng,  Howard  Summer. 

A 

Darling,  Charles  Balfour. 

A 

Dearing,  Thomas  Haven. 

A 

Darling,  Eugene  Abraham. 

A 

DeBeer,   Johannes    Benedict 

A 

Darrab,  Rufus  Elmer. 

David. 

D 

Dandelin,  Simten  Alphonse. 

A 

De  Blols,  Thomas  Amory. 

A 

Davenport,  Bennett  Franklin. 

A 

Dedrlck,  Albert  Clinton. 

A 

Davenport,  Charles  Albert. 

A 

Deehan,  Peter  Eugene. 

A 

Davenport,  Francis  Henry. 

A 

Defriey,  William  Peabody. 

D 

Davenport,  Prank  Douglass. 

A 

De  Grandpr4,  Louis  Philllppe. 

A 

Davidson,  Kallman  Meyer. 

A 

Dehn,  Edward  William. 

A 

Davie,  Charles  Herbert. 

A 

De  la  Granja,  Edward. 

A 

Davis,  Andrew  Jackson. 

A 

Delahanty,  William  Joseph. 

A 

DaylH,  liessle  Delano. 

A 

Dcland,  Charles  Almiot. 

A 

Davis,  Edward  Parker. 

A 

De  Langle,  Charles  Petit. 

A 

Oavlfl,  Ella  Maxfleld. 

A 

Delano,  Marcus  F. 

I) 

Davis,  FranciH  Alvorde. 

A 

Delano,  Samuel. 

E 

Davis,  Frank  Albert. 

A 

De    Laval -Thyernay,   Melville 

1) 

Davis,  Frank  Albin. 

Endore  Forbln. 

A 

Davis,  Frank  Stewart. 

D 

Del  Castillo,  Frank  Martin. 

A 

Davis,  Franklin  Jerome. 

A 

De  Llguori,  GlovanbattlBtii. 

A 

Davis,  Frederick  Augustus. 

A 

Dellsle,  Joseph  Damasc. 

A 

Davis,  Frederick  Augustus. 

A 

De  Lue,  Frederick  .Spauldlog. 

D 

Davis,  George  PTealy. 

^     A 

Dembo,  Fanny. 
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D 

De  Merritt,  Charles  Law. 

A 

A 

Denlg,  Blanche  Alpine. 

A 

A 

Denklnger,  Joseph  Anton. 

A 

D 

Den  net,  Charles  Augustus. 

D 

D 

Dennett,  Daniel  Clement. 

A 

A 

Dennett,  George  William. 

D 

A 

Dennett,  John,  Jr. 

A 

A 

Dennis,  James  Honrj. 

C 

C 

Dennis,  Jane  Louise. 

A 

D 

Dennison,  Archibald  Sayre. 

A 

C 

Denny,  Francis  Parkman, 

A 

A 

Denny,  Harry  Ernest. 

D 

A 

De  Normandle,  Myra. 

A 

B 

Derby,  Emma  Angeline. 

A 

A 

Derby,  Hasket. 

A 

A 

Derby,  William  Parsons. 

A 

A 

Deroin,  Francis  Xavler. 

A 

B 

Desmarats,  Joseph. 

D 

A 

Desmarlo,  Joseph  Henry. 

D 

E 

Desmond,  Clarenco  Francis. 

D 

A 

Desnoyers,  Dontagne. 

D 

D 

Desrochers,  Alfred. 

A 

D 

DesRosiers,  D^sti*^. 

£ 

A 

Desroslers,  Louis  Aniedie. 

D 

A 

Disy,  Gustave. 

A 

D 

Devenny,  Joseph  Henry. 

D 

A 

Dover,  Charles  Edward. 

B 

D 

Devere,  Fred  Hewitt. 

A 

A 

Deyereaux,  Jane  Smith. 

C 

A 

Devlne,  William  Henry. 

D 

A 

Dewey,  Charles  Glpson. 

A 

E 

Dewey,  Melvln  Morris. 

D 

A 

Dewin,  Peter  John. 

D 

A 

Dewis,  John  William. 

A 

Dewolf,  Edward  Gardner. 

A 

D 

Dews,  Frederic  Gifford. 

C 

A 

Dexter,  Ella  Louisa. 

A 

A 

Dexter,  Franklin. 

A 

D 

Dezell,  Frederick  Burr. 

E 

A 

Dlckerman,  Silas  Bamet. 

A 

A 

Dlclclns,  Job  Byron  Marcus.    • 

A 

A 

Dickinson,  Chai-les  Henry. 

A 

A 

Dickinson,  Harvey  Mlddleton. 

D 

D 

Dickson,  Richard  Ensign. 

A 

D 

Dlemar,  Lena  Hess. 

D 

C 

Dike,  John. 

A 

A 

Dillon,  Thomas  Joseph   Ben- 

A 

nett. 

D 

B 

Dillon,  Richard  ITastlngs. 

C 

A 

Dlmock,  Daniel  Wright. 

A 

A 

DInenson,  Abraham  Isaac. 

D 

A 

Dion,  Thomas  Joseph. 

D 

B 

Dionne,  Louis. 

D 

B 

Dionne,  Louis  Edward. 

E 

D 

Disbrow,  John  Robert. 

D 

A 

Dlsbrow,  Robert. 

F 

A 

Disney,  Frank  Arundel  Ellas. 

A 

A 

Dixon,  Joseph  Henry. 

A 

A 

Dixon,  Lewis  Seaver. 

A 

Dixon,  Robert  Brewer. 
Dixwell,  John. 
Doane,  George  Washington. 
Doane,  Harriet  Bf . 
Doble,  Ernest  Edgar. 
Dodd,  Isaac  Spencer  Finney. 
Dodge,  Fred  Wilder. 
Dodge,  George  Smith. 
Dodge,  William  Wooidredge. 
Doggett,  Fi'ederick  Fobes. 
Doherty,  Charles. 
Doherty,  Helen  Isabel. 
Dolan,  William  Andrew. 
Dole,  Mary  Phylinda. 
DoUoff,  Albert  Simeon. 
Dolotr,  Eugene  Malcolm. 
Donahue,  Ifagh. 
Donahue,  William  Francis. 
Donlan,  Charles  Edwin. 
Donlan,  John  Malachl. 
Donnelly,  James  Harvey. 
Donnelly,  John  Bernard. 
Donner,  John  Albert. 
Donoghue,  Daniel  Francis. 
Donoghue,  Francis  Dennis. 
Donoghue,  James  Crowley. 
Donohuo,  George. 
Donovan,  Benedict. 
Donovan,  Michael  Rleard. 
Donovan,  Sylvester  Edward. 
Doroey,  James  Edmund. 
Dorgan,  Joseph  Aloyslus. 
Dorlon,   Jean    Baptlste   Theo- 

phlle. 
Dorion,  Ix>uls  Philippe  Ad^lard. 
Dorman,  Albert  Barnes. 
Dorman,  Daniel  Webster. 
Dorr,  Charles  Alonao. 
Dort,  Elizabeth. 
Dorval,  TanorMe  Cesaire 
Douglas,  Charles  Joseph. 
Douglass,  John  Abbott. 
Dow,  David  Crooker. 
Dow,  Edmund  Scott. 
Dow,  George  Farwell. 
Dow,  George  William. 
Dow»  James  Arthur. 
Dowd,  Edwaid  Francis. 
Dowling,  John  Joseph. 
Downey,  Charles  John. 
Downey,  Fred  Clifton. 
Downey,  Henry  Arthur. 
Downey,  William  Henry. 
Downing.  Bertha  Carol. 
Downing,  Franklin  Cbace. 
Downes,  Nathaniel. 
Downs,  Harry  Ashton. 
Doy,  Wilberforce  Clarkson. 
Doyle,  Daniel  Patrick. 
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A 

Drake,  Aratheoa  Blanca. 

A 

Dutton,  George. 

£ 

Drake,  Arthur  Knowlton. 

C 

Dutton,  Samuel  Lane. 

A 

Drake,  Norman  Lucca. 

A 

Dutra,  Emmanuel  Christian. 

D 

Drake,  Olin  Milton. 

C 

Dutra,  Joseph. 

A 

Drake,  William  Abram. 

D 

Dutrlzac,  Joseph  Ovid. 

D 

Dranga,  Amelia  Augenla. 

D 

Duval,  Josias  Louis. 

D 

Draper,  Alexis  Lumb. 

A 

Duxbury,  Joseph  Edward. 

D 

Draper,  Charles  Ransom. 

A 

Dwelly,  Jerome. 

A 

Draper,  Frank  Eugene. 

A 

D wight,  Edwin  Wellcr. 

A 

Draper,  Frank  Wlnthrop. 

D 

Dwight,  Henry  Leonard. 

A 

Draper,  Joseph  Ruttor. 

A 

Dwight,  Thomas. 

A 

Dresser,  George. 

A 

Dwlnell,  Byron  Lee. 

D 

Drew,  Charles  Aaron. 

A 

Dwyer,  John  Edward. 

B 

Drew,  Frances  Harriet. 

D 

Dyer,  Charles  Laihrope. 

A 

Drew,  Frank  Hajnes. 

D 

Dyer,  Ebenezer  Alden. 

A 

Drew,  Frederick. 

D 

Dyer,  Florence  May. 

A 

Drew,  Maria  Emmu. 

B 

Dyer,  Frank  Pierce. 

A 

Drlscoll,  Thomas  Daniel. 

K 

Dyer,  Wlllard  Knowlton. 

A 

Driver,  Stephen  William. 

A 

Eames,  George  Franklin. 

E 

Drohan,  James  Henry. 

A 

Earl,  George  Henry. 

A 

Drown,  Edward  Pay  son. 

A 

Earle,  William  Alva. 

A 

Drummey,  Nicholas  Daniel. 

D 

Early,  William  Wallftce. 

E 

Drummond,     Edward     Augus- 

A 

Eastman,  Charles  Albert. 

tine. 

A 

Eastman,  Charles  Albert. 

A 

Dmmmond,    Juan    Fernandez 

A 

Eastman -Schenck,  Ellen. 

Bennett. 

B 

Eastman,  Mary  Roena. 

C 

Dudley,  Augustus  William. 

A 

Eaton,  John  Marshall. 

E 

Dudley,  Charles. 

A 

Eaton,  Lllley. 

A 

Dudley,  Henry  Watson. 

D 

Eaton,  Richard  Gardner. 

A 

Dudley-Clapp,  Susan  Ida. 

A 

Eaton,  Samuel  Lewis. 

A 

Duff,  John. 

A 

Eaton,  William  Winslow. 

A 

Duggan,  John  Joseph. 

A 

Eaton,  Wyllis  Gilbert. 

A 

Dnggan,  John  Thomas. 

A 

Ebann,  Charles  Deletang. 

D 

Duhalme,  Gandiose  Lemaltre. 

B 

Eckstein,  Caroline  Katherine. 

A 

Duhamel,  Ollva  Gilbert. 

A 

Eddy,  George  Stetson. 

B 

Du  Mont,  Henry. 

A 

Eddy,  Hiram  McCrery. 

A 

Dunbar,  Frank  Collins. 

A 

Eddy,  Richard  Henry. 

A 

Dunbar,  Franklin  Asaph. 

C 

Edes,  Richard  Edward. 

B 

Duncan,  Florence  Josephine. 

A 

Edes,  Robert  Thazter. 

D 

Dunham,  Frank  Lee. 

A 

Edgar,  William  Ladell. 

A 

Dunham,  George  Perry. 

A 

Edgerly,  Jonathan  Frank. 

A 

Dunham,  Henry  Bristol. 

D 

Edmands,  Idelle  Lydla. 

D 

Dunham,  Whitefleld  Otis. 

A 

Edmonds,  Louis. 

A 

Dun  lap,  Charles  Bates. 

A 

Edson,  Carroll  Everett, 

C 

Dunn,  Charles  Stein. 

A 

Edson,  Ptolomy  O'Meara. 

A 

Dunn,  Jennie  Sophia. 

D 

Edwards,  Arthur  Frank. 

D 

Dunn,  Stephen  Joseph. 

A 

Edwards,  Charles  Tjawrence. 

C 

Dunn,  William  Aloyaius. 

D 

Edwards,  Merton  John. 

A 

Dunn,  William  A  mbroBc. 

A 

Edwards,  Thomas  Alvln. 

A 

Dunne,  Alexander  John. 

A 

Edwards,  William  Lothrop. 

A 

Dunning,  William  Mcddaugh. 

D 

Egan,  Edward  Winllold. 

B 

•  Dunphy,  John. 

C 

Kgan,  John  Joseph. 

A 

Dupont,  Flavien. 

B 

Kgan,  Sobra  Temple. 

B 

Duquet,  Phllorome. 

D 

Egbert,  Jay  Hobart. 

A 

Durant,  Charles  Edwin. 

C 

Egland,  Christopher. 

A 

Durell,  Thomas  Monlton. 

A 

Ehrlich,  Henry. 

A 

Durgln,  Samuel  Holmes. 

D 

Eldam,  Carl  Hermann. 

D 

Dumlng,  Charles  Francis. 

A 

Ela,  Paul  Francis. 

A 

Dutton,  Charles. 

A 

Ela,  Walter. 
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D 

Elcock,  Harry  Alfred. 

A 

Fahey,  James  Charles. 

B 

Elderen,  John  Van. 

E 

Fair,  John  Francis. 

B 

Eldridge,  Benjamin  Davis. 

A 

Fairbanks,  Arthur  Willard. 

A 

Eldridge,  David  Gorham. 

A 

Fairchild,   Courtland    de    Nor* 

A 

Eldridge»  Jerrle  Allen. 

man  die. 

D 

Eliot,  Henry  Whitney. 

I> 

Fairburst,  O'Conncll. 

A 

Elliot,  John  Wheelock. 

D 

Fales,  Alonzo  Cartland. 

D 

Elliot,  Sidney  Barrington. 

D 

Falkenbury,  Arthur  Ezra. 

A 

Elliott,  Frederick  William. 

A 

Fallon,  Michael  Francis. 

A 

Elliott,  James  Prescott. 

A 

Farley,  William  Chase. 

E 

EllioU,  James  William. 

A 

Farlow,  John  Woodforrl. 

D 

Elliott,  Richard  Andrew. 

A 

Farnham,  diaries  Chittenden. 

A 

Elliott,  Bassell  Dnnson. 

A 

Famham,  Edwin. 

A 

Ellis,  Charles  Curtis. 

A 

Farnham,  Mary  Eudora. 

A 

Ellis,  Dean  Samuel. 

C 

Famham,  John  Marshall  Wil- 

A 

Ellis,  Edward  Hai-vey. 

loughby. 

A 

Ellis,  Frederick  Warren. 

B 

Farnsworth,  Sarah  Elizabeth. 

A 

Ellis,  George  Livingston. 

D 

Farquhar,  William  Aborcromby 

D 

Ellis,  William  Raymond. 

Gordon. 

A 

Ellison,  Greorge  Washington. 

A 

Farr,  Edwin  Lawson. 

D 

Ellsworth,  Samuel  Walker. 

D 

Farrell,  George  Louis. 

A 

Ellsworth,  Victor  Albert. 

C 

Farrington,  Annie  Louise. 

D 

Elmere,  John  Alfred. 

A 

Farrington,  Leander  Morton. 

A 

Emerson,  Charles  Sumner. 

A 

Farwell,  Charles  Lather. 

D 

Emerson,  Ernest  Benjamin. 

A 

Farwell,  George  Davis. 

A 

Emerson,  Francis  Fatten. 

A 

Faulkner,  Henry  Clay. 

A 

Emerson,  Frederick  Lincoln. 

A 

Fannce,  Robert  Harris. 

D 

Emerson,  George  Short. 

A 

Faxon,  Eudora  Meade. 

A 

Emerson,  George  Washington. 

C 

Faxon,  William  Lyman. 

A 

Emerson,  Herbert  Clark. 

A 

Faxon,  WUliam  Otis. 

A 

Emerson,  Nathaniel  Waldo. 

D 

Fay,  Charlotte  Hooker. 

D 

Emery,  George  Edwin. 

A 

Fay,  Frank  Gleason. 

D 

Emery,  Harry  Smith. 

A 

Fay,  James  Monroe. 

A 

Emery,  William  Henry. 

D 

Fay,  Joseph  Henry. 

A 

Emery,  Win f red  Newell. 

A 

Fay,  William  Eastman. 

D 

Enebuske,  Cla6s  Julius. 

D 

Fearl,  Fred  Henry. 

D 

Engelman,  George  Julius. 

D 

Fecteau,  Adelard. 

A 

Ensworth,  William  Howard. 

D 

Feindel,  Joseph  Creighton. 

A 

Bntin,  Gilel. 

B 

Fellows,  George  Robert. 

C 

Erb,  Theodore  Charles. 

A 

Feniiiick,  Joseph  Benson. 

£ 

Erickson,  Anna  Maria. 

A 

Ferguson,  Arthur  Blxby. 

A 

Ermentrout,  Sallie  Justinla. 

A 

Ferguson,  Charles  John. 

A 

Ernst,  Harold  Clarence. 

B 

Ferguson,  Edward  Hngh. 

D 

Estes,  Florella. 

A 

Ferguson,  Hugh. 

D 

Eticnne,  Arthur  Octave,  Jr. 

D 

Fecguson,  Robert  Henry. 

B 

Evans,  David. 

A 

Ferland,  Joseph  Severin  Bmeit. 

E 

Evans,  Rueben  Osgood. 

A 

Fernald,  Alberto  FranHs. 

A 

Eveleth,  Edward  Smith. 

A 

Fernald,  Cluiries  Augustas. 

A 

Kveleth,  Philemon. 

C 

Fernald,  Herbert  Elwood. 

K 

Everett.  Eugene  Ellsworth. 

A 

Fernald.  Otis. 

A 

Everett,  Horace  Stan  wood. 

A 

Fernald,  Walter  Elmore. 

A 

Everett,  James  Bradley. 

A 

Ferrari,  Francesco  E4loanio. 

A 

Everett,  Oliver  Austin. 

A 

Ferry,  James  Francis. 

A 

Everett,  Oliver  Hnrd. 

A 

Fesler,  Frank  Joy. 

A 

Everett,  Wlllard  Shepard. 

A 

Fesscndcu,  Charles  Hill. 

C 

Ewald,  Carl  Adolph. 

A 

Fessenden,  George  Russell. 

I> 

Ewing,  Edward  Hilts. 

A 

Fcssenden,  Joseph  Palmer. 

n 

Fagan,  George  Augustus. 

A 

Fewell,  Samael  Jackson. 

A 

Fagnant,  Benjamin. 

A 

Flck,  Hermann  Andrew. 
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D 

Flckett,  Jerome  Perley. 

D 

Flynn,  John  Joseph. 

A 

Field»  Charlea  Elmer. 

A 

Fogerty,  Williams  Clemmons. 

D 

Field,  Harvey  Adams. 

A 

Fogg,  Irving  Sylvester. 

A 

Field,  James  Bi-alnerd. 

D 

Yogurt  Walter  Augustus. 

A 

Field,  Pblnehas  Peck. 

A 

Foley,  Timothy  John. 

A 

Field,  Susan  Hammond. 

A 

Foley,  Walter  James  Paul. 

A 

Fillebrown,  Charles  Dalton. 

A 

FoUett,  Amml  Ward. 

A 

Flllebrown,  Thomas. 

A 

Follet,  John  At  wood. 

D 

Finch,  Edward  Bronson. 

A 

Folsom,  Charles  Follcn. 

A 

Finn,  Edward  William. 

A 

Folsom,  Norton. 

A 

Finn,  James  Anthony. 

A 

Fontaine,  Marc. 

A 

Flnnlgan,  Patrick  Joseph. 

C 

Fontaine,  Henri  Theophile. 

D 

Fish,  Ernest  Clilford. 

A 

Forbes,  Charles  Holt. 

A 

Fish,  Ralph  Charles. 

£ 

Forbes,  Edwin  Bannister. 

A 

Fisher,  Edgar  Alexander. 

A 

Forbes,  George  Foster. 

D 

Fisher,  James  Tucker. 

A 

Forbes,  Henry  Gordon. 

A 

Fisher,  Theodore  Willis. 

A 

Forbush,  Albert  Waldo. 

A 

Fisher,  Preston. 

B 

Ford,  Daniel  Frink. 

A 

Fisk,  Charles  Lee,  Jr. 

A 

Ford,  John  Francis. 

A 

Fisk.  William  WiUard. 

D 

Ford,  Michael  Angelo. 

A 

Flske,  Eustace  Lincoln. 

B 

Forrest,  Josephine  Winifred. 

D 

Fiske,  Harlo  Adonlram. 

D 

Forrest,  Robert  Francis. 

A 

Fitch,  Edward  Doollttle. 

A 

Fortin,  Julian  Elzter. 

D 

Fitts,  Alston. 

D 

Fosgate,  Elmer  Gllman. 

A 

FItz,  George  Wells. 

D 

Foskett,  Eben. 

A 

Fltz,  Reginald  Heber. 

A 

Foskett,  George  Mason. 

D 

Fitzgerald,  Charles  Francis. 

A 

Fobs,  David. 

D 

Fitzgerald,  Clara  Pauline. 

A 

FosB,  John  William. 

A 

Fitzgerald,  James  Bernard. 

E 

Fobs,  Percy  Harold. 

D 

Fitzgerald,  Thomas  Patrick. 

A 

Foss,  Warren  Sartwell. 

D 

Fitzgerald,  Vance  Lee. 

A 

Foster,  Charles  Cliauncy. 

A 

Fltz-Hugh,  John  Alexander. 

D 

Foster,  Clarendon  Atwood. 

A 

Fitzsimmons,  Philip  Mansfield. 

A 

Foster,  Edwin  Scott. 

A 

Flagg,  Alpheus  Dexter  Smith. 

A 

Foster,  Frank  Albert. 

D 

Flagg,  Cora  Hosmer. 

A 

Foster,  George  Emory. 

A 

Flagg,  Edwin  Barber. 

A 

Foster,  Horace  Kendall. 

C 

Flagg,  Franklin  Parkinson. 

A 

Foster,  James  Milton. 

A 

Flagg,  Herbert  Horatio. 

A 

Foster,  James  Richards. 

B 

Flagg,  Jonathan. 

D 

Foster,  Matthias  Lanckton. 

A 

Flagg,  Payson  Jonathan. 

D 

Foster,  Winifred  Smith. 

D 

Flanagan,  Peter  Joseph. 

A 

Fountaine,  Felix  Dydlme. 

D 

Flanders,  Alton  Leroy. 

C 

Fourtin,   Edmund   Randolph 

A 

Flanders,  Frank  Byron. 

Peaslee. 

A 

Fleet,  William  Earnest. 

A 

Fox,  William  Yale. 

A 

Fletcher,  Robert  Whitney. 

A 

Foye,  Charles  Frederick. 

A 

Fletcher,  Rosa. 

A 

Frame,  Joseph. 

A 

r  Fletcher,  Samuel  Ernest. 

C 

Francis,  Adeline  Eliza. 

A 

Fletcher,  Samuel  William. 

A 

Francis,  Carleton  ShurtlefF. 

A 

Fletcher,  William  Kelly. 

A 

Francis,  George  Ebenezer. 

D 

Fleming,  Margaret  Amanda. 

A 

Francis,  George  Hills. 

D 

Flemming,  Anthony. 

A 

Francis,  Tappan  Eustis. 

A 

Flewelling,  Douglas  Scovil. 

A 

Francois,  Edward  Albert  Louis, 

A 

FUnn,  Matthew  Bonner. 

A 

Franfaglia,  Gabrl61e. 

A 

Flint,  Charles  Cookeman. 

D 

Frankel,  Charles  Louis. 

A 

Flint,  Omar  Alpha. 

B 

Franks,  Baron. 

A 

Flood,  Everett. 

A 

Franz,  Adolph. 

A 

Flower,  Alfred  Hollls. 

A 

Fraser,  Donald  Allan. 

A 

Flower,  Richard  Charles. 

A 

Fraser,  John  Chiaholm. 

A 

Flynn,  John  Joseph. 

D 

Fraser,  Roderick. 
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E  FrMier,  Joseph  Anthony. 

B  Prfchette.  Clement. 

A  Freeman,  Franklin  WUlanl. 

A  Freeman,  Frederick  An^9tu«. 

D  Freeman,  George  Franklin. 

A  Freeman,  Russell  Ballon. 

A  Freeman,  Simon  Augu^UB. 

A  French,  A I  fred  Jo«>eph. 

A  French,  Charlea  Aufltln. 

A  French,  Charles  Ephraim. 

A  French,  Charles  Hemy. 

A  French,  Charles  LIndol. 

A  French,  Charles  Feaslee. 

D  French,  Edward  Henry. 

B  French ,  Ellxabeth  J . 

A  French,  George  Henry. 

A  French,  George  Morrill. 

D  French,  John  Innes. 

A  French,  John  Marshall. 

E  French,  Towneley  Thomdike. 

A  French,  Winslow  Borrell. 

E  Frletas,  Jos^  Carlos  de. 

B  Frink,  Charles  Tatman. 

D  Frink,  Lewis  James. 

A  Frlsbie,  Jesse  Franklin. 

A  Frlssell,  Edward  Merle. 

A  Frizzell,  Seraph. 

B  Frost,  Charles  Chauncy. 

A  Frost,  Edward  Clayton. 

D  Frost,  Flora  Eva. 

D  Frost,  Horace  Bird. 

D  Frost,  Samuel  Kapp. 

A  Frost,  Woodbury  George. 

D  Frothlngham,  Charles  Benja- 
min. 

A  Frothlngham,  James  Edward. 

D  Fnimson,  Lazarus. 

A  Fry,  Charles  Wilson. 

A  Frye,  Charles  Marshall.  ' 

A  Frye,  Edmund  Bailey. 

A  Fryer,  Wineon  Famum. 

B  Fuller,  Amos  Warren. 

A  Fuller,  Charles  Metcalf. 

A  Fuller,  Daniel  Hunt. 

D  Fuller,  Etheridge  Ide. 

D  Fuller,  Frank  Boutelle. 

A  Fuller,  Fre<lerick  Henry. 

B  Fuller,  Geox^ge  Albion. 

A  Fuller,  George  Ephraim. 

A  Fuller,  James  Robert. 

D  Fuller,  Solomon  Carter. 

B  FuUer.  Walter  Tracy. 

D  Fnllerton,  Walter  Wilson. 

D  Fumlss,  Maud  Granger. 

A  Fyfe,  Thomas  Tass. 

A  Gaertner,  Alexander. 

A  Gaffney,  John  Patrick. 

A  GalTney.  Henry  Joseph. 

A  Gage,  Edward  Franklin. 


A 

Gage,Honer. 

A 
A 

Gage,  James  Artiiar. 
Gage,  Thomas  Howy. 

A 

Gaggloli.  Glrolamo. 

A 

Gagnon.  Joseph  Alfred. 

A 

Gahan.  Edward  WllUam. 

D 

Gafaan.  Myles  Joseph. 

D 

Gahan.  Patrick  Ftaacls. 

D 

Gaidzakyan,  Ohaa. 

B 

Galbenewetz.  Benjamin  GoCh. 

D 

Galbouy,  Henri  TaBcrede. 

A 

A 

Gale-Wanen,  Mary  KendaU. 

B 

Gallagher,  Jaaaes  Tboaaa. 

D 

Gallagher,  Thomas  MoiteB. 

D 

Gallagher.  WUUam  Howard. 

A 

Galllgaa.  Edward  Fiaadsi 

D 

Galllgmn,  Edward  Joseph. 

C 

Galllgan,  Eugene  Tho«as. 

A 

GalUson,  Ambrose  John. 

A 

GaUison,  Henry  Haannond. 

A 

Gallison,  Jefferson  Cnshl^. 

A 

GalUTan.  William  Joeeph. 

A 

Gallonpe,  Beqjanln  rranklln. 

A 

Galloape,  Charies  Wmiam. 

A 

Galloupe,  Isaac  Francis. 

B 

Gallonpe,  Joseph  Abbott. 

A 

Galrin,  George  WUUam. 

A 

Galfln,  William. 

E 

Gammell,  Samuel. 

A 

Gannett,  William  Whttwofth. 

A 

Gannon,  Annie  Margaret. 

B 

Gannon,  Anna  Maria. 

D 

Garabrant,  Lillian. 

A 

Garoean,  Edgar. 

A 

Gardiner,  Perley  Foresl. 

A 

Gardner,  Clarence  Bhodolphas. 

A 

Gardner,  Edward  Eyerett. 

A 

Gardner,  Frank  Aagusdne. 

A 

Gardner,  George  Henry. 

D 

Gardner.  Harry  Milton. 

A 

Gardner,  William  Wallaee. 

A 

Garey,  Charles  Wendell. 

B 

Garfleld,  John. 

A 

Gariepy,  Joseph  CunlDe. 

A 

Garland.  Albert  Stone. 

D 

Garland.  George  Franklin. 

A 

Garland,  G«orge  Mlnot. 

A 

Garland,  Guy  W. 

A 

Garland,  Joseph. 

A 

Garland,  Joseph  Ererett. 

A 

Garmon,  John  Oscar. 

A 

Garnean,    Joseph    Pletrs    Al. 

phonee. 

D 

Garrett,  Frank  Steele. 

A 

Garrigan,  Thomas  James. 

A 

Gary,  Clara  EmereCte. 

D 

Gates,  Ernest  A. 

A 

Gates,  George  Wellesiay. 
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D 

Gatefl,  James  Moseley. 

B 

B 

Gauthler,  Franklin. 

C 

A 

Gavin,  George  Freebem. 

D 

A 

Gavin,  John  Harrison. 

A 

E 

Gavin,  Joseph  Leo. 

D 

A 

Gavin,  MIciiael  Freebem. 

D 

A 

Gavin,  Patrick  Freebem. 

A 

A 

Gay,  Almon  De  Bois. 

D 

A 

Gay,  Arthur  Park. 

A 

A 

Gay,  George  Washington. 

D 

B 

Gay,  Mary  Cochran. 

C 

A 

Gay,  Warren  Fislier. 

D 

A 

Gaylord,  John  Flavel. 

A 

E 

Gay  lord,  WilUam  Avery. 

A 

A 

Geddes,  Peter  Spearce  Walker. 

A 

A 

Gelineau,  Charles  William. 

B 

A 

Gelinean,  Ovila  CMment. 

A 

A 

Gendron,  Joseph  Alexander. 

A 

A 

Gendron,  Joseph  Etienne. 

A 

A 

Genercux,  Joseph  Alb^ric. 

A 

A 

Genereux,  Joseph  Oliver. 

D 

D 

George,  Arthur  Phillips. 

A 

A 

George,  Oscar  Fowler. 

D 

Germain,  Harry  Homer. 

A 

A 

Geronld,  Joseph  Bowditch. 

A 

A 

Gerry,  Edwin  Peabody. 

D 

I> 

Gerstein  Morris. 

A 

D 

Gerin-LfOole,  Mederlc  Thomas. 

A 

n 

Gertz,  William  Henry. 

D 

A 

Gervais,  Emery. 

A 

A 

Getchell,  Albert  Colby. 

A 

C 

Getchell,  Stillman  Perry. 

A 

D 

Gibbons,  Lister. 

A 

E 

Gibbons,  Sherwin. 

B 

A 

Gibbs,  Howard  Augustine. 

A 

A 

Gibbs,  Linnaeus  Victor. 

A 

A 

GIbbs,  Luoero  Jackson. 

D 

A 

Gibbs,  Samuel  Whelpley. 

D 

D 

Gibbs,  Susan  Burley  Harris. 

A 

A 

Gibby,  Isabel  Parker. 

C 

A 

Giblin,  Frank  Joseph. 

D 

A 

Gibson,  Arthur  Allen. 

A 

B 

Gibson,  Elwyn  Deloss. 

A 

D 

Giddlng9,  Theodore. 

A 

A 

Gldman.  Bramwell  CarvoHdo. 

A 

A 

GIfford,  Benjamin  Dods. 

A 

A 

Glfford,  Fred  Hooker. 

D 

A 

(aiTord,  John  Henry. 

A 

F 

Gilford,  Silas  Swift. 

A 

A 

Giguere,  Joseph. 

A 

A 

Gilbert,  Anrelia  Eliza. 

A 

Gilbert,  Daniel  Dudley. 

A 

D 

Gilbert,  Frank  Leslie. 

A 

A 

Gilbert,  John. 

A 

A 

Gilbert,  John  (lenry. 

A 

1> 

Gilbert,  I^uls  Whltmoro. 

A 

B 

Gilchrist,  Charles  Kobert. 

C 

A 

Glldee,  James  Bennett. 

A 

A 

Gile,  John  Martin. 

A 

(illfether,  Frank  Kmmct. 

Gil  Allan,  Thoma:). 

Glllard,  Arthur  Ernest. 

Gillespie,  John. 

Gillette,  Claudius  Wesley. 

Gllllngham,  Horace  Porter. 

Oilman,  Eugene  Albert. 

Oilman,  Frank  Madison. 

Oilman,  Warren  Randall. 

Gilmartin,  Albert  Edward. 

Glnn,  David  Richards. 

Glrdner,  John  H. 

Glronard,  Simeon  Joseph. 

Glrouz,  Joseph  Raymond. 

Glancy,  Charles  Augustine. 

Glancy,  William  Carte  Minnette. 

Glazier,  Frederick  Prentiss. 

Gleason,  Charles  Sherman. 

Gleason,  Edwin  Putnam. 

Gleason,  Mardls  Edward. 

Gleason,  Willis  Webster. 

Glendenning,    Robert    Thomp- 
son. 

Glennon,  Michael. 

Gobron,  Louis  Constant. 

<Joddard,  Henry  Edward. 

Goddard,  Josiah  Hamilton. 

Godfrey,  Joseph  Witter. 

Godfrey,  Thomas  Francis. 

Godln,  Joseph. 

Golden,  Michael  Charles. 

Goldthwait,  Joel  Ernest. 

Goldthwaite,  Seth  Vale. 

Good,  Jacob  Adam. 

Goodale,  George  Lincoln. 

Goodale,  Joseph  Lincoln. 

Goodall,  Ellis  Leon. 

Goodall,  Henry  Skinner. 

Goodell,  George  Zlna. 

(xoodell,  Jonathan  Woodard. 

Goodenow,  Daniel. 

Gooding,  Emma  Jcanette. 

Goodman,  Nathan  Mark. 

Goodman,  Samuel. 

Goo<lspeed,  Helen  Amanda. 

Goodwin,  Charles  Otis. 

Goodwin,  Elmer  Ellsworth. 

Goodwin,  George  Erving. 

Goodwin,  James  Joseph. 

Goodwin,    Richard    James 
Plumer. 

Goodwin,  Tirzah  Eveline. 

Goodwin,  Wllford  Watson. 

Goray,  James  Philip. 

Gordon,  John  Alexander. 

Gordon,  Miles  Remond. 

Gordon,  Stephen  Masnry. 

Gorham,  Frederic  Croswell. 

Gorshel,  Richard. 
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A  Gobs,  Arthur  Vincent. 

A  Goss,  Franrlu  Webster. 

A  Gotteohalk,  William  von. 

D  Groll,  Maximilian  CliarleB  von. 

A  Gould,  Charles  Agahcl. 

A  Gould,  Clarke  Storer. 

D  Gould,  Chenter  Harlow. 

B  Gould,  Forrest  Burton. 

A  Gould,  Frank  Morlah. 

D  Gould,  Lawrence  Merwiu. 

D  Gonlding,  Timothy  Francis. 

D  Grace,  Ralph. 

B  Grady,  John  William. 

A  Grady,  Joseph  William., 

D  Grady,   Patrick    Anthony   Sal- 
mon. 

A  Graham,  Douglas. 

D  Graham,  Maria  Louise. 

A  Grainger,  William  Henry. 

A  Granger,  Frank  Clark. 

D  Granger,  Karle  Henry. 

A  Grant,  James  Henry. 

A  Grant,  James  Henry. 

A  Grant,  William  Herbert. 

D  Graves,  Benjamin  Augustus. 

A  Graves,  Frank  Walker. 

A  Gray,  Charles  Henry. 

D  Gray,  Elizabeth  Taylor. 

A  Gray,  George  Henry. 

A  Gray,  Robert  Williams. 

E  Greaves,  John  George. 

A  Greeley,  William  Henry. 

A  Green,  Charles  Montraville. 

A  Green,  Jacob. 

A  Green,  John  Ome. 

A  Green,  Mllbrey. 

A  Green,  Thomas  William. 

D  Greenaugh,  Robert  Battey. 

A  Greene,  Edward  Miller. 

A  Greene,  Francis  Coles. 

A  Greene,  Frank  Alonzo. 

A  Greene,  Frank  Eugene. 

A  Greene.  Harrle  William. 

A  Greene,  James  Sumner. 

A  Greene,  Jered  Alonzo. 

A  Greene,  Nathaniel. 

A  Greene,  Bay  WoodviUe. 

A  Greene,  Reuben. 

A  Greene,  Rol)ert  AndertMn. 

A  Greene,  Thomas  Francis. 

D  Greene,  William  Addison. 

D  Greene,  William  Henry. 

A  Greenleaf,  George  Walter. 

A  Greenleaf,  John  Rnggles. 

A  Greenleaf,  Richard  Cranch. 

A  Greenleaf,  Robert  Wiliard. 

A  Greenwood,  Allen. 

A  Greenwood,  Sewell  Elliott. 

A  Gregg.  John  Argelo. 


B  Gregoire,  Albert. 

A  (zrieumard,  George  Augustas. 

B  Griffin,  Alva  James. 

A  (iriffin,  Arthur  George. 

D  Griffin,  Frederic  Stanley. 

A  Griffin,  Ijpoulse  Amanda. 

A  Griffith,  John  Auckland. 

D  Griffith,  Thomas  Richards. 

E  Grimes,  James  Henry. 

D  Grinies,  Warren  Parker. 

A  Grin  field-Co.x  well,     John     Ed- 
ward. 

B  Grise,  Herman  Pierre. 

I)  Griswold,  Merton  Lyman. 

A  Groll,  Edward  Wright. 

D  Gross,  Hermann  Williams. 

A  Grouard,  John  Shackford. 

D  Grovesteln,  William  Pride. 

A  Grow,  Timothy  Rose. 

A  Gruver,  Samuel  James. 

A  Guertin,  Anguste. 

A  Guild,  Edgar  Hunt. 

A  Guild,  Edward  Fimnk. 

D  Guild,  Thomas  Exra. 

D  Guiler,  Robert  Workman. 

D  Gnimond,  Omer. 

D  Gulick,  Luther  Halsej. 

A  Gunning,  Thomas  Fraiicls. 

A  Gunter,  Adolphns  Bymm. 

A  Gunter,  Fred  Berkeley. 

A  GnptlU,  Ira  Clark. 

A  Guptill,  Lttclan  Haydea. 

D  Gurley,  Revere  Randolph. 

D  Gwln,  Robert  Campbell. 

D  Hacb^,  Henry  Clement. 

A  Haddock,  Charles  Whitney. 

A  Hagopian,  Sarkls  Morklr. 

A  Hahn,  Ammi  Rahamafa. 

D  Haines,  Ignatius. 

A  Hale,  Edward  Preston. 

A  Hale,  Edwin  Emery. 

B  Hale.  George  Carleton. 

A  Hale,  Joslah  Little. 

D  Hale,  WUIiam. 

B  Hale,  WUllam  Alonxo. 

C  Hall.  Charles  Bracket!. 

D  Hall,  Charies  Francis  A  dans. 

A  Hall,  Charles  Henry. 

A  Hall,  George  CUfton. 

D  Hall.  Herbert  James. 

D  nail,  Harry  Porter. 
D       Hall,  James  Sanberg. 
A       Hall.  Mahlon  Freeborn. 
A       Hall,  MUton  Wilder. 

A  Hall,  Newhert  Jackson. 
D       Hall,  Rofns  Hacker. 
X>       Hall,  Walter  Davis. 
A       Halt,  Walter  Langdon. 
D       Hall,  WUllam. 
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A  Hall,  WUliam  Dudley. 

A  Hallett,  Edward  Bangs. 

A  Hallett,  Walter  Lewis. 

A  Halloran,  Michael  Joseph. 

E  Halloran,  Timothy  Joseph. 

A  Hallowell,  Clement  Howard. 

A  Hallowell,  Henry  Carleton. 

C  Halpiu,  Andrew  James. 

D  Halsted,  Alfred  Thompson. 

A  Halsey,  Frederick  Wadsworth. 

D  Hamblen,  Edward  Everett. 

D  Hamilton,  Annie  Lee. 

£  Hamilton,  Edward  Sylvester. 

A  Hamilton,  Erskine  Erasmus. 

A  Hamilton,  Theodore  Erskine. 

E  Hamilton,  Walter. 

D  Hamllo,  Charles  Franklin. 

D  Hamlin,  William  Edward. 

A  Hammeraley,  Jonathan  Bead- 
more. 

A  Hammond,  Allen  Dexter. 

A  Hammond,  Lemuel  Hodges. 

A  Hammond,  Philip. 

A  Hammond,  Roland. 

A  Hammond,  William  Penn. 

A  Hands,  Anna  Carvllle. 

A  Hands,  Herbert  Abraham. 

A  Handy,  Benjamin  Jones. 

A  Handy,  Harrle  Delmar. 

D  Handy,  Harry  Tucker. 

A  Hanley,  Francis  Joseph. 

A  Hanley,  John  Joseph. 

A  Uanlon,  Daniel  James. 

A  Hanna,  Edmund  Steelman. 

A  Hannum,  James  Wilson. 

D  Hanscom,  Walter  Vose. 

A  Hanscom,  Sanford. 

A  Hanson,    Frederick    Augustus 
Tafte. 

A  Hanson,  William  Green. 

D  Harding,  Ambrose  Hastings. 

A  Harding,  Edward  Mitchell. 

A  Harding,  George  Franklin. 

A  Harding,  Wilbur  Fisk. 

A  Hardy,  Charles  Silenus. 

D  Hare,  Andrew  Jackson. 

A  Hare,  Charles  Henry. 

D  Hare,  William  Andrew. 

B  Hargrove,  Alfred. 

B  Hargrove,  Frances  Flora. 

B  Hargrove,  Sidney  Bulwer. 

£  Harklns,  Cornelius  Patrick,  Jr. 

A  Harklns,  Daniel  Stanislaus. 

A  Harlow,  Corydon  Webster. 

A  Harlow,  George  Arthur. 

A  Harlow,  Granville  Albert. 

A  Harlow,  Harriet  Susan. 

A  Harlow,  John  Martyn. 

D  Harman,  Austin  Roy. 


A  Harmon,  Byron  Richmond. 

A  Harmon,  Melville  Alphonzo. 

A  Harriman,  Charles  Henry. 

A  Harriman,  James  Lang. 

A  .Harriman,  Samuel  Knight. 

A  Harrington,  Arthur  Hudson. 

A  Harrington,  Charles. 

D  Harrington,  Charles  Woodbury. 

A  Harrington,  Francis  Bishop. 

A  Harrington,  Francis  Michael. 

A  Harrington,  Harriet  Louisa. 

A  Harrington,  Thomas  Francis. 

D  Harris,  Arthur  Eugene. 

D  Harris,  Charles  Edward. 

A  Harris,  Emanuel. 

A  Harris,  Francis  Augustine. 

A  Harris,  Georglanna  WaiTcn. 

K  Harris,  Samuel  Jacob. 

B  Harris,  Sophia  Roper. 

D  Harris,  William  Landow. 

A  narrower,  David,  Jr. 

B  Ifart,  CharleH  Oliver. 

E  Hart,  Francis  Joseph. 

A  Hart,  George  Fred. 

B  Hart,  Mary  Schoonmaker. 

D  Hart,  Michael  Joseph. 

A  Harte,  Richard  Hickman. 

A  Hartley,  Henry  Alexander  Sat- 

urnise. 

D  Hartnett,  Edward  Daniel. 

D  Hartshorn,  Edward. 

D  Hartung,  Harry  Hall. 

B  Harvey,  Alvah. 

A  Harvey,  Edwin  Bayard.    . 

B  Harvey,  Elvira  Adelaide. 

E  Harvey,  Frank. 

A  Harvey,  Frank  T. 

A  Harvey,  Henry  Sydney. 

A  Harvey,  John  Franklin. 

A  Harvey,  Walter  Emerson. 

E  Harvey,  William  Wirt. 

D  Hartwell,  Arthur  Spear. 

A  Hartwell,  Benjamin  Hall. 

A  Hartwell,  Edward  Mussey. 

A  Harwood,  Charles  Hamani. 

D  Hasbrock,  Ira  Daniel. 

A  Haskell,  Henry  Hill. 

D  Haskell,  Lyman  George. 

A  Haskell,  Nelson  Cary. 

A  Haskins,  Solomon  Foot. 

A  Uaslam,  Frank  Alden. 

A  Hasrtctt,  John  Joseph. 

A  Hastings,  Benjamin  Franklin. 

A  Hastings,  Caroline  Eliza. 

B  Hastings,  Frank  Joslah. 

D  Hastings,  John  Mason. 

A  Hastings,  Judson  Worthington. 

A  Hastings,  Robert  Worthington. 

A  Hastings,  William  Henry  Howe. 
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A 

Hatch,  AnBOlm  Dlminic. 

B 

Henottc,  Constant. 

D 

Hatch,  George  Stephen. 

A 

Henry,  John  Goodrich. 

D 

Hatch,  Leonard  Francis. 

A 

Hcnshaw,  George  Bridget). 

A 

Hatchett,  WUUani  Josephus. 

A 

Herrick,  Edward  Barton. 

U 

Hatfleld,  Hugh  Kerr. 

A 

Herrick,  Joseph  Thomas. 

A 

Hathaway,  Clarence  Lock  wood. 

D 

Hcrrlck,  Van  Buren. 

D 

Hathaway,  John  Gael. 

A 

Hersey,  Freeman  Clark. 

B 

Hathaway,  Marcus  Morton. 

A 

Hetberlugton,  Gilbert  E<lwtn. 

A 

Hatliaway,  Sarah  Lewis. 

C 

Hcwes,  Henry  Fox. 

A 

Hathaway,  William  Fales. 

A 

Ilewins,  Parke  Woodbury. 

A 

Haub,  Augustine  Catherine. 

D 

HewiU,  Clarence  Elbert. 

A 

Haven,  George. 

D 

Hews,  India  Cochel. 

D 

Uavlland,  Nathaniel  Clark 

A 

Hlchborn,  Herman  Gninvtlle. 

Bacon. 

A 

HIckey,  Garrett  Joseph. 

A 

Hawes,  Edward  Kverett. 

D 

Hickey,  John  Aloysius. 

A 

Hawes,  Joseph  Quinnum. 

D 

HIckey,  Lawrence  Jo«keph. 

B 

Hawkins,  Horatio  Gates. 

D 

Hicks,  Charles  Andrew. 

A 

Hawks,  Alfred  Joseph. 

A 

Hlcks,  Joseph. 

A 

Hawkff»  Esther  Hlli. 

A 

Hhlden,  Charies  Walter. 

A 

Hay,  Gustavus. 

A 

Hlgbee,  Kdwin  Wilbur. 

D 

Hayden,  Lewis  Brooks. 

A 

Hlggiutt,  Prank  Albert. 

A 

Hayden,  Willlaai  Richardson. 

D 

Higglns,  Harry  Eugene. 

A 

Hayes,  Albert  Hamilton. 

A 

Hlgglns,  Henry  Rich. 

D 

Hayes,  Frederick  Legro. 

A 

Hlggin5»  James  Hayden. 

A 

Hayes,  Irving  Benjamin. 

B 

Hlgglns,  John  Henry. 

B 

Hayes,  John  Joseph. 

B 

Hlgglnson,  Ella  Aurilla. 

A 

Hayes,  Justin  Gideon. 

A 

Hlldreth,  John  lA;wiB. 

A 

Hayes,  Stephen  William. 

A 

Hlldreth,  William  Hartwell. 

D 

Hayford,  Herbert  Scott. 

A 

Hill,  Almon  Want. 

A 

Haynea,  Charles  Frederick. 

B 

Hill,  Calvin  Auguatua. 

A 

Hay  ward,  Joseph  Warren. 

D 

Hill,  Edgar  Dwlght. 

A 

Hayward,  Levi  Thomas. 

D 

Hill,  Eugene  Woodbury. 

P 

Hayward,  Walter  Barrows. 

C 

Hill,  George  Hillard. 

C 

Haywood,  George  Griswold. 

D 

Hin,  Ira  Clark. 

A 

Haywood,  George  William. 

A 

Hill,  Ira  Joseph. 

A 

Haywood,  Isabel  Prldham. 

A 

Hill,  Lucy  Chaloner. 

A 

Hazard,  George  Stevens. 

B 

Hill,  Mary  Jeneraon. 

A 

Hazelton,  Isaac  Hills. 

A 

Hill,  Noble  Hlod. 

A 

Heald,  Joseph  Berthelet. 

A 

Hills,  Frederick  Lyman. 

A 

Heald,  William  Frederick. 

A 

Hills.  William  Barker. 

D 

Healy,  Daniel  Laurence. 

A 

Hllla,  William  Henry. 

A 

Healy,  James  Joseph. 

A 

Hilton,  George  Whitefleld. 

D 

Healy,  John  Aloysius. 

D 

Hilton,  John  Daniel. 

A 

Heard,  John  Theodore. 

B 

Hlltpold.  Jacob. 

B 

Heath,  Abble  Knowlton  Mar- 

D 

Hinchdlire,  Harry  Palmer. 

den. 

D 

Hinchey,  Richard. 

A 

Heath,  Joseph  Webster. 

D 

Hinckley,  Daniel  Rose. 

A 

Hebbard,  EUery  Cola. 

D 

Hinckley,  Jamea  William. 

A 

Hebbert,  Charles  Alfred. 

A 

Hlni'ks,  William  Sylvanns. 

A 

Hedenberg,  James. 

A 

Hlnea,  Archelaaa  Don. 

A 

Heffem,  Patrick  William. 

A 

Hlnes,  Francia  Edward. 

A 

Helgham,  Jabex  William. 

A 

nines,  laaac  Bright. 

D 

Hemeon,  Frederick  Chlpman. 

A 

Hlpklas,  George. 

D 

Hendee,  Leslie  Horatio. 

D 

Hlnson,  Jacob  Miller. 

A 

Henderson,  Charles  Russell. 

A 

Hitchcock,  Alfred  Owen. 

A 

Henderson,  Plnckney  Marion. 

A 

Hitchcock,  Edward  BIgelow. 

A 

Hendrickson,  Charles  Damarin. 

A 

Hitchcock,  George  Goo<IwId. 

D 

Henln,  Chalm  Chalmor. 

A 

Hitchcock,  Henry  RmiaeU. 

A 

Henlon,  John  Brlggs. 

A 

lllU*hcork,  John  Sawyer. 
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A 

Hitchcock,  Walter  Samuel 

A 

Holyoke,  Frank. 

Deane. 

D 

Holzman,  Joseph. 

D 

Hitchcock,  William  A  Ivan,  Jr. 

£ 

Homan,  John  Milton. 

E 

Hlxon,  Edwin  Colfax. 

A 

Ilomans,  John. 

A 

Hoadley,  Alfred  Henry. 

A 

Homans,  John,  2d. 

D 

Hobart,  Austin  Walter. 

A 

Homer,  John. 

A 

Hobart,  Mary  Forrester. 

D 

Hood,  Mary  Gould. 

D 

Hobble,  John  Remington. 

A 

Hooker,  Charles  Parker. 

A 

Hobbs,  Ezra  Allen. 

A 

Hooker,  Edward  Dwight. 

D 

Hoch,  Charles  August. 

A 

Hooper,  Everett  Dennison. 

A 

Hodgdon,  Andrew  Hall. 

A 

Hooper,  Frederick  Hubbard. 

D 

Hodgdon,  Frank  Amasa. 

A 

Hooper,  Harriett  Pervier. 

D 

Hodgdon,  Luther  Albion. 

D 

Hopkins,  Bertrand  Hiram. 

B 

Hodge,  Dwight  Munson. 

D 

Hopkins,  Frederick  Eugene. 

A 

Hodges,  Almon  Danforth. 

A 

Hopkins,  Samuel  Augustus. 

A 

Hodgson,  Mary  Cobb. 

A 

Hopkins,  Stephen  Worcester. 

A 

Hodgson,  Richard. 

A 

Hopkins,  William  Thorpe. 

A 

Hodgson,  Thomas  Sroithson. 

A 

Horgan,  John  Augustus. 

A 

ilodskins,  Kdward  Bryant. 

F 

Home,  James  Metcalfe. 

A 

Homnan,  GustaTus  Adolphus. 

A 

Homly,  Mary  Stamper. 

D 

Hoffses,  Granville  Ernest. 

A 

Horr,  Albert  Wlnslow. 

A 

Hogan,  Fremont  Lincoln. 

D 

Ilosklns,  Bertha  Ladd. 

D 

Hogan,  JoHeph  Ambrose. 

A 

Hosmer,  Charles  Edward. 

A 

llogner,  Per  Gustaf  Richard. 

A 

Hough,  Garry  d'e  Neuvllle. 

A 

Holtt,  Eugene  Gorham. 

A 

Houghton,  Henry  Arvln. 

A 

Holbrook,  George. 

A 

Houghton,  Henry  Lincoln. 

A 

Holbrook,  Guy. 

A 

Houghton,  Nledhord  Hahne- 

R 

Holbrook,  Joseph  Edgar. 

mann. 

A 

Holbrook,  Levi  Bradford. 

A 

Houghton,  Silas  Arnold. 

A 

Holbrook,  Silas  Pinckney. 

A 

Houghton,  Simon  Wlllard. 

B 

Holbrook,  Solomon  Harding. 

A 

Houle,  Anselme  Ephrem. 

A 

Holbrook,  William. 

A 

Uoule,  Joseph. 

A 

Holbrook,  William  Edward. 

A 

Houston,  James. 

A 

Holcombe,  Charles  Clifford. 

A 

Houston,  John  Alexander. 

A 

Holden,  Austin. 

C 

Howard,  Alonzo  Gale. 

A 

Holden,  Charles  Sumner. 

A 

Howard,  Amasa. 

D 

Holden,  Clarence  Pamell. 

A 

Howard,  Arthur  Chadwlck. 

A 

• 

Holden,  Eugene  Martin. 

D 

Howard,  Charles  James. 

D 

Holden,  George  Walter. 

D 

Howard,  Charles  Tllden. 

A 

Holden,  Leonard  Preston. 

D 

Howard,  Eugene  Henry. 

A 

Holden,  William  Daniel. 

A 

Howard,  George  Canning. 

B 

Holland,  Allen  Joseph. 

A 

Howard,  Herbert  Burr. 

D 

Holland,  Hubert  Thomas*. 

D 

Howard,  William  Francis. 

A 

Holland,  James  William. 

A 

Howe,  Elsie  Brewster. 

D 

Holland,  William  Timothy. 

A 

Howe,  Francis  Augustine. 

A 

Holmes,  Alvin  Dennett. 

A 

Howe,  George  Joseph. 

D 

Holmes,  Benjamin  Henry. 

A 

Howe,  James  Sullivan. 

£ 

Holmes,  Edgar  Miller, 

D. 

Howe,  Joseph  Dlmock. 

A 

Holmes,  Harry  Blgelow. 

A 

Howe,  Oclavlus  Thomdlke. 

.D 

Holmes,  Harry  Clinton. 

A 

liowo,  Oliver  Hunt. 

A 

Holmes,  Horace  Marshall. 

D 

Howe,  Walter  Clark. 

C 

Holmes,  John  Parker. 

B 

Howell,  Klla  Virginia. 

B 

Holmes,  Lydla  Maria. 

D 

Howell,  Harry  Warfleld. 

D 

Holmes,  May  Salona. 

•       1) 

Howell,  Thomas. 

A 

Holmes,  William  Denuison. 

A 

Howes,  Clarence  Linden. 

D 

Holmes,  William  Franklin. 

A 

Howes,  Pitts  Edwin. 

A 

Holmquist,  Gustavus. 

A 

Howland,  Barker  Cushman . 

D 

Holohan,  Patrick  Atlianasius. 

D 

Howland,  Clarence  Eugene. 

A 

Holt,  Edward  Urown. 

D 

Howland,  Edgar  Joseph. 
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D  Rowland,  Joseph  Briggs. 

D  Howlett,  Thomas. 

D  Hoyt,  Dixie  George. 

A  Hoyt,  Edward  Malcom. 

A  Hoyt,  Walter  Scott. 

D  Huard,  Joseph  Edouard. 

A  Hubbarrl,  Charles  Thacher. 

A  Hobbard,  Frank  Allen. 

A  Hubbard,  George  William. 

D  Hubbard,  Joshua  Clapp. 

A  Hubbard,  Josiah  Clark. 

A  Hubbard,  Osmon  Huntley. 

A  Hubbard,  Rufus  Pea  body. 

A  Hubbard,  Simeon  Pease. 

A  Hubbard,  William  Allen. 

A  Hubbell,  Adelbert  Merton. 

A  Hudnut,  Frank  Parker. 

E  Hudson,  Arthur  Stanton. 

D  Huehne,  Julius. 

C  Hughes,  Laura  Ann  Cleophas. 

A  Hull,  Ernest  Liverus. 

A  Hull,  John  Byron. 

A  Hull,  William  Henry. 

A  Hulmd,  Laura  Payne. 

B  Hulso,  Lester  Addison. 

B  Humes,  Albert  Henry. 

A  Humphrey,  Daniel. 

A  Hunklng,  Charles  Dustin. 

A  Hunt,  Allhton  Frost. 

A  Hunt,  Charles  Richard. 

A  Hunt,  Daniel  I^wrence. 

A  Hunt,  David. 

A  Hunt,  George.  , 

A  Hunt,  George  Eddy. 

A  Hunt,  Israel  Thorndike. 

A  Hunt,  John  Abram. 

A  Hunt,  Lemuel  Judson. 

C  Hunt,  Otis  Eugene. 

F  Hunt,  Simeon. 

A  Hant,  William  Eustis. 

D  Hunt,  William  West. 

A  Hunt,  William  Otis. 

D  Hunter,  Henry  John. 

A  Hunting,  Nathaniel  Stevens. 

D  Huntington,  Alfred  Thomas. 

A  Huntoon,  Hazen  Prescott. 

F  Huntoon,  James  W. 

A  Huntress,  Leonard. 

D  Hurd,  Albert  Gordon. 

A  Hurd,  Alouzo  L. 

A  Hurd,  Edward  Payson. 

A  Hurd,  George  Piatt. 

D  Hurd,  Randolph  Campbell. 

A  Hurd,  William  Weymouth. 

C  Hurley,  Daniel  Bartholomew. 

A  Hurley,  Daniel  Madison. 

A  Hurtubiso,  Louis  Francis  Ath- 

agnase. 

C  Hnse,  George  Wood. 


D  Hussey,  Charles  Bumps. 

A  Husted,  Louise  Akerly. 

B  Hutchings,  Charles  WlllUm. 

A  Hutchings,  Joseph  Henry. 

A  Hutchings,  George  Henry. 

A  Hutchins,  Isaiah. 

A  Hutchinson,  Charles  Martin. 

A  Hutchinson,  Chessman  Palmer. 

A  Hutchinson,  Olaribel  MerrtU. 

A  Hutchinson,  Edwin  Darius. 

A  Hutchinson,  Ellen  Angeline 

Kidder. 

A  Hutchinson,  Uaroello. 

B  Hutchinson,  Nelson  Vinal. 

D  Hyde,  Frederick  Tanquary. 

A  Hyde,  George  Smith. 

A  Hyde,  Seneca  Tobias. 

D  lames,  Howard. 

D  Ide,  Henry  Clay.  2d, 

D  Ide,  Philip  Sheridan. 

A  Ilsley,  Frederick  Boscoe. 

A  Inches,  Charles  Edward. 

A  Ingalls,  George  Hancock. 

A  Ingalls,  William. 

D  Ingham,  Lucius  Thomas. 

£  Ingoldsby,  Joseph  Emmanuel. 

A  Ingraham,  Lena  Vaughn. 

A  Ingram,  Mary  Petronella  de 

Boo^. 

A  Irish,  John  Carroll. 

A  Irrlne,  William  Herbert. 

D  Irwin,  Vincent  Joseph. 

A  Jack,  Edwin  Everett. 

A  Jack,  Ernest  Sanford. 

A  Jack.  Frederick  Lafayette. 

A  Jack,  Robert. 

D  Jackson,  Alexander  Washington 

C  Jackson,  Alton  Atwell. 

A  Jackson,  Amos  Messer. 

A  Jackson,  Charles  William. 

A  Jackson,  Cornelius  Sampson. 

A  Jackson,  Fred  William. 

E  Jackson,  Gertrude  Pearson. 

A  Jackson,  Henry. 

A  Jackson,  James  Mar^. 

A  Jackson,  John  Henry. 

D  Jackson,  Oliver  Howard 

D  Jackson,  Osceola  E. 

A  Jackson,  Ralph  Wentworth. 

A  Jackson,  Samuel  Hahnemann. 

D  Jackson,  William  Andrew,  Jr. 

A  Jackson,  William  Benjamin. 

A  J.ickson.  William  LoavlU. 

D  Jacques,   Louis  DAaIre   Ooesl 

phore. 

A  Jacques,  Napoleon. 

A  Jaffe,  James  Arthur. 

A  James,  Fiunces  Cellda. 

D  James,  Joseph  Frands. 
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D 

James,  Lucille  Amanda. 

A 

Jones,  Claude  Perry. 

B 

James,  Woodbury  Dyer. 

D 

Jones,  Daniel  Flske. 

11 

Jamenon,  Robert  Edwin. 

A 

Jones,  Daniel  Way  land. 

A 

Janefl,  Georg^e  Herbert. 

A 

Jones,  Elbert  Archer. 

A 

Jan  son- La-Palme,    Rodolphe 

A 

Jones,  Elgrln  Wilbur. 

Gaepard. 

A 

Jones,  Bills  Preston. 

A 

Jaqnes,  Henry  Percy. 

D 

Jones,  Everett. 

A 

Jarris,  William  Fumess. 

D 

Jones,  Frederick  Ellis. 

D 

Jeffers,  Edward. 

D 

Jones,  Frederick  Elmer. 

A 

Jefferson,  Herbert  Perry. 

A 

Jones,  George  Howard. 

A 

Jeffries,  Benjamin  Joy. 

A 

Jones,  George  Warren. 

D 

Jelallan,  Halrabed  S. 

A 

Jones,  Gilbert  Norrls. 

B 

Jelen,  Henry. 

A 

Jones,  Henry  Newell. 

A 

JelenklewicK,  Jacob. 

A 

Jones,  John  Clark. 

A 

Jelly,  Arthur  Carlton. 

B 

Jones,  John  Paul. 

A 

Jelly,  George  Frederick. 

A 

Jones,  Joseph. 

A 

Jenckes,  Joseph  Franklin. 

A 

Jones,  Lombard  Carter. 

B 

Jenkins,  Charles  Dunsford. 

A 

Jones,  Lyman  Asa. 

A 

Jenkins,  Charles  Edwin. 

A 

Jones,  Mary  Elizabeth. 

A 

Jenkins,  George  Oscar. 

D 

Jones,  Mary  Scott. 

B 

Jenkins,  Gladstone  Lawson. 

A 

Jones,  Sophia  Carlton. 

A 

Jenkins,  Thomas  Lincoln. 

A 

Jones,  William  Marks. 

A 

Jenks,  Harrison  Darling. 

A 

Jordan,  Charles. 

A 

Jenks,  Thomas  Lelghton. 

A 

Jordan,  Charles  Harold. 

A 

Jenness,  Sarah  Abble. 

A 

Jordan,  George  Albert. 

A 

Jenney,  Arthur  Barker. 

A 

Jordan,  Henry  Jacob. 

D 

Jennings,  Robert. 

C 

Joslin,  Elliott  Proctor. 

A 

Jernegan,  Holmes  Mayhew. 

D 

Joslln.  Perry  Edward. 

D 

Jemegan,  Walter  Stewart. 

A 

Josselyn,  Eli  Edwards. 

A 

Jewett,  Fred  Bryce. 

A 

Joyce,  Charles  Pitt  Fid. 

A 

Jewett,  Frederick  Augustus. 

A 

Joyce,  Thomas  Francis. 

A 

Jewett,  Howard  Clifton. 

A 

Judah,  Lucian  Alexander. 

A 

Jewett,  Nathaniel. 

A 

Judd.  David  Hiram. 

C 

Jewett,  Walter  Kendall. 

E 

Judge,  Albert  Augustine. 

A 

Jlllson.  Franklin  Campbell. 

B 

Judge,  James  Daniel. 

A 

Johnson,  Charles  Frederic. 

D 

Judkins,  Anna  Gertrude. 

B 

Johnson,  Charles  Lemuel. 

A 

Judklns,  Frank  Luvelle. 

D 

Johnson,  David  Joseph. 

A 

Kaan,  George  Warton. 

A 

Johnson,  Edward  Steams. 

A 

Kahn,  Alexander. 

C 

Johnson,  Elmore  Reuben. 

D 

Kahn,  Paul. 

A 

Johnson,  Francis  Emerson. 

D 

Kahn,  Wulf. 

C 

Johnson,  Frank  Mackle. 

D 

Kalousdian,  Nazareth  Manoug. 

A 

Johnson,  Frederick  William. 

A 

Kane,  John  Henry. 

I? 

Johnson,  George  Anson. 

A 

Kamer,  Edwin  Belden. 

D 

Johnson,  Grahame  Dove. 

A 

Kean,    Louise  Janett  Darn. 

E 

Johnson,  GranTlUe  Roswell. 

staedt. 

D 

Johnson,  Herbert  Shattuck. 

C 

Keany,  Francis  Joseph. 

A 

Johnson,  John  Gore. 

E 

Kearney,  John  Henry. 

A 

Johnson,  John  Waldo. 

E 

Keate,  Walter. 

A 

Johnson,  Onrllle  Edson. 

A 

Keating,  James  Edward. 

A 

Johnson,  Otis  Henry. 

D 

Keck,  Charles  Erhard. 

A 

Johnson,  Sara. 

A 

Keefe,  Daniel  Edward. 

A 

Johnson,  Stephen  Joseph. 

A 

Keefe,  Patrick  Henry. 

A 

Johnson,  WllUam  Augustus. 

A 

Keegan,  Charles  Andrew. 

A 

Johnson,  William  Louis. 

A 

Keegan,  Vincent  El^ah. 

D 

Johnston,  William. 

A 

Keenan,  Herbert  John. 

A 

Johnstone,  William  Joseph. 

A 

Keep,  Charles  Manning. 

D 

Jones,  Arthur  Wills. 

A 

Kelfe,  Carolyn  Ignasce. 

A 

Jones,  Charles  David. 

A 

Keith,  Ellen  Louisa. 
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A 

Keith,  Frederick  Scott. 

A 

A 

Keith,  (reorge  Wallace. 

A 

A 

Keith,  Wallace  CushinK- 

B 

A 

Keleher,  Francis  Joaeph. 

C 

A 

Kelcher,  William  Ilenrj-. 

D 

D 

Kelleher,  Patrick  Francis. 

D 

A 

Keller,  EUzalieth  Catherine. 

D 

A 

Itelley,  Horatio  Sprague,  Jr. 

A 

A 

Kelley,  Jo.^eph  Henry. 

C 

A 

Kelley,  Michael  Joseph. 

A 

A 

Kelley.Seth  Wight. 

A 

D 

Kelllher,  Mayvllle  Sampler. 

A 

A 

Kelllher.  Michael  WllUam. 

A 

A 

Kellogg,  Edward  Brlnley. 

E 

A 

Kellogg.  Frederic  Leroy. 

A 

D 

Kelly,  Jane  Downes. 

A 

A 

Kelly,  Michael. 

A 

A 

Kelly,  Samuel  James. 

A 

D 

Kelly,  Thomas  Francis. 

A 

A 

Kelly,  William  P. 

A 

B 

Kelaay,  Brookens  Campbell. 

E 

A 

Kelsey.  Otis  Hlland. 

D 

C 

Kemble,  Tiawrence  Grafton. 

D 

A 

Kemp,  Edwin  Augustine. 

D 

C 

Kennard,  Harry  Delano. 

A 

A 

Kennealy,  John  Henry. 

A 

A 

Kennedy,  Alexander  Edward. 

D 

D 

Kennedy,  Alexander  G. 

A 

A 

Kennedy,  Alonzo  Lewis. 

A 

A 

Kennedy,  Catherine  Moloney. 

A 

.  A 

Kennedy,   Cliarles   Francis 

A 

Joseph. 

A 

D 

Kennedy,  Eugene  Augustine. 

D 

A 

Kennedy,  Frederick  William. 

A 

A 

Kennedy,  George  Goldlng. 

A 

D 

Kennedy,  Harris. 

A 

A 

Kennedy,  James  Simon. 

D 

D 

Kennedy,  Michael  Colville. 

D 

B 

Kennedy,  Thomas  Patrick. 

A 

A 

Kenney,  Franklin  Woodbury. 

D 

D 

Kenney,  Hattle  Eliza. 

A 

B 

Kent,  Daniel  Hurley. 

A 

A 

Kenyon,  Henry  Jesse. 

A 

A 

Keown*  James  Archibald. 

A 

D 

Kernan,  William  Everett. 

A 

A 

Klelty,  John  Daniel. 

B 

A 

Kier,  Erskiue  Johnston. 

A 

Kllburn,  Henry  Whitman. 

A 

D 

Kirby,  Francis  Joseph. 

A 

A 

Kllby,  Henry  Shennan. 

A 

A 

Kiley,  Edwai'd  Stephen. 

A 

F 

Kilgore,  George  Liberty. 

A 

A 

Kllroy.  Philip. 

A 

D 

Kimball,  James  Henry. 

D 

A 

Kimball,  Joseph  Edwin. 

B 

A 

Kimball,  Leonard  Morong. 

A 

A 

Kimball,  Levi  Houghton. 

A 

A 

Kimball,  Samuel  A  yen 

A 

A 

Kimball,  William  George. 

B 

Klmpton,  Edwin  Sewell. 
King,  Calvin  Bryant. 
King,  Charles  Duncan. 
King,  Frederick  Augustine. 
King,  George. 
King,  Jesse. 
King,  Myron  Louis. 
King,  Nathaniel  Clark. 
King,  William  Ruf  na. 
Kingman,  James  Henry. 
Kingman,  Rufus  Anderson. 
Kingsbury,  Albert  Dexter. 
Kingsbury,  Charles  Franklin. 
Kingsbury,  Charles  Henry. 
Kingsbury,  Joseph  Byron. 
Kingsbury,  Charles  Langdon. 
Kingsley,  Charles. 
Klnne,  George  Lyman. 
Kinney,  Eunice  Draper. 
Kinney,  John  Edgar. 
Kinsley,  Cephas  Daniel. 
Kinsman,  Henry  Francis. 
Kirby,  Frank  Alonzo. 
Kirby,  Nathaniel  Harrin. 
Kirby,  Thomas  Edwan). 
Kirk,  Lucy  Anno. 
Kite,  Walter  Chester. 
Kittredge.  Joseph. 
Klttredge,  Thomas. 
Klein,  August  Andreas. 
Klemmcr,  Denis  Francis. 
Klemmer,  WUbelm  Nlckolaus. 
Klopp,  Henry  Irwin. 
Kludjlan,  Assadour  Hagot. 
Knapp,  Philip  Coombs,  Jr. 
Knight,  Augustus  Smith. 
Knight,  Charles  Eugene. 
Knight,  Charles  Storer. 
Knight,  Charles  Sumner. 
Knight,  Edwin  Augustus. 
Knight,  Frederick  Irving. 
Knight,  Granville. 
Knight,  Henry  Sargent. 
Knight,  Joseph  Noble. 
Knight,  Marcus  Wliitaey. 
Knight,  WUllam  Henry  Andcrw 

son. 
Knowles,  James  Harris. 
Knowles,  WlUlam  Fletcher. 
Knowles,  William  Keliey. 
Knowlton,  Charles  Davison. 
Knowlton,  Herbert  Eugene. 
Knowlton,  Wallace  Mills. 
Koch,  James  Lafayette. 
Kohan,  Alexander. 
Konlkow,  Moses  Joseph. 
Krauss,  James. 
Krebs,  Franx  Hugo. 
Kronberger,  Israel  Bamch. 
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D 

Krum,  Frank  Wilson. 

D 

D 

La  Belle,  Martin  James. 

D 

D 

Lafoutalne,  Gustavo. 

D 

A 

Laforce,  Bdward  Doncial. 

A 

B 

L' African,  Eug6no. 

A 

A 

Laidley,  John  Balne. 

D 

A 

Lii^ote,  Louis  Zotique. 

D 

A 

Lake,  Hiram. 

£ 

D 

Lake,  Joiin,  Jr. 

l> 

C 

Lakeman,  Mary  Ropes. 

D 

D 

Lamarclie,  George  TancrMe. 

A 

A 

La  Marctae,  Walter  Joseph. 

D 

A 

Lamb,  Colby. 

A 

A 

Lamb,  Frances  Gertrude. 

D 

1> 

Lamb,  William  Dan. 

A 

D 

La  Motte,  Xavier  Alexander. 

A 

A 

Lamoureaux,  Joseph  £lz6ar. 

A 

D 

Lanphear,  Charles  Howard. 

A 

A 

Lamson,  John  Augustus. 

A 

A 

Lancaster,  Sherman  Russell. 

A 

A 

Lancaster,  Walter  Brackctt. 

A 

B 

Lande,  Abraham  JoMph. 

D 

Landers,  Garrett  John. 

A 

D 

Landers,  Maurice  Joseph. 

A 

B 

Landift,  Lillian  Etta. 

B 

A 

Landis,  Simon  Mohler. 

A 

A 

Landry,  Napoleon. 

A 

A 

Lane,  Albert  Clarenoe. 

A 

A 

Lane,  Charles  Franklin. 

A 

A 

Lane,  Edward  Binney. 

A 

A 

Tiane,  Francis  Augustus. 

A 

D 

Lane,  Frank  Ellsworth. 

C 

B 

Lane,  Ida  Ella  Hale. 

D 

A 

Lane,  John  Goodwin. 

D 

A 

Lane,  Orville  Wilbur. 

A 

A 

Lane,  Robert  Low. 

D 

B 

Lane,  William  Colton. 

A 

D 

Langan,  John  Thomas. 

I> 

A 

Ijangevln,  Joseph  Alphonse. 

A 

A 

Langlois,  Joseph  Augustln. 

I> 

D 

Langlois,  William  Edward. 

A 

A 

Langmald,  Samuel  Wood. 

A 

B 

I.jinmtfn,  ChaHcs  Henry. 

A 

A 

T^anoie,  Joseph  Euslbe  Eugene. 

I> 

A 

Large,  Alfred. 

A 

B 

Larkeque,   Garret   Bancroft 

A 

Breckinbrldge. 

A 

A 

Larose,  Paul  Herbert. 

B 

D 

Larrabee,  Ralph  Clinton. 

A 

A 

Lartle,  Joseph  Charles  Hor- 

A 

roisdas. 

A 

A 

Latham,  Caroline  Augusta. 

A 

A 

Lathe,  Leonora  Fletcher. 

A 

A 

Lathrop,  William  Henry. 

I> 

A 

Latter,  Leonard. 

D 

D 

Lattemer,  Frederick  Henry. 

A 

B 

Laurence,  David. 

A 

D 

Lanrin,  Theophllns. 

D 

D 

Laurion,  Adelard. 

A 

Laveliee,  George  Omer. 
La  Vignc,  Alfred  Willis. 
Lavoie,  Joseph  Paradls. 
Lawler,  Thomas  Joseph. 
Lnwler,  William  Patrick. 
Lawlor,  .Tohn  Joseph. 
Lawlor,  Richard  Henry. 
Lawrence,  Arthur  Alihott. 
La wi'enco,  James  Chrlsby  ilurd. 
Ijawrence,  James  Wllmot. 
Lawrence,  Joseph  Henry. 
Ijawrence,  Nellie  Louise. 
I.iawrence,  Rhoda  Ashley. 
Lawrence,  William  Ethan, 
l^wson,  Frederick  Bartlett. 
Leach,  Albert  Clinton. 
Leach,  Clara  Celestla  Austin. 
Leach,  Edward  Morton. 
Leach,  Horace  Morton. 
Leach,  William. 
Lcahey,  George    Henry  A  loy- 
al us. 
Leahy,  Thomas  Joseph. 
Leard,  John  Samuel  Hick. 
lA}arne<l,  Noyes  Newton. 
Learned,  John  Barr. 
Learned,  William  Turell. 
Learoyd,  Charles  Berry. 
Leary,  James  Edward. 
Leary,  John  Henry. 
I.«ary,  Patrick  Frank. 
Leary,  Timothy. 
Leary,  William  Charles. 
Leary,  William  Cornelius. 
Leavltt,  Dudley. 
Leavitt,  Edwin  Alden. 
Leavltt,  William  Whipple. 
Le  Bel,  Tlmotb^e. 
Leblanc,  Alm6  NoCl. 
r..eBIanc,  Clement  Oliver. 
Le  Boeuf,  Joseph  Sylva. 
Lee,  Frank  Herbert, 
fjce,  Luther  Mllo. 
Lee,  Wesley  Terence. 
Leeds,  Charles. 
Lehmann,  Anthony. 
Lelb,  Thomas  Nuttall. 
Lelghton,  Harry  Burbank. 
Leltch,  .John  Alvln. 
Le  Lacheur,  Ellis  Sweetlove. 
Leland,  Clarence  Henry. 
Leland,  George  Adams. 
Le  Maitre,  Joseph  Michel. 
Leonard,  Edwin,  Jr. 
I^onard,  Henry  Fiske. 
Leonard,  Henry  l*atrick. 
Leonard,  Milton  Hall. 
Leonard,  William  Joseph. 
Lescadre,  Henry. 
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A  LetfUe,  Freeland  David. 

E  LeBlle,  Ilerbert  Granville. 

A  Leslie,  Horace  Granville. 

1>  LovasBeur,   Augustus  Joseph 

Hugo, 

n  Levenson,  Sophia. 

A  Levey,  George. 

B  Lewis,  Andrew  Valentine. 

A  Lewis,  Arthur  Cuthbert. 

C  Lewis,  George  Fred. 

A  Lewis,  John  Tajlor. 

C  Lewis,  Marlon  Hall. 

B  Lewis,  Millard  Edrie. 

B  Lewis,  William  Edmund. 

D  Libbey,  Charles  Emerson. 

B  Libbey,  Rosea  Waite.        I 

A  Llbby,  Charles  Adelbcrt. 

]>  Llbby,  Edward  Norton. 

A  Llbby,  Jesse  Herbert. 

I>  Llbby,  Mary  Gordon. 

A  Llebroann,  Gustavus. 

A  Llghthlll,  August  Fonham. 

B  Lllley,  WillUm. 

E  Lilly,  Thomas  Eugene. 

A  Lincoln,  Guy  Alvan  Thomdlke. 

A  Lincoln,  Jacob  Read. 

C  Lincoln,  John  Clifford. 

I>  Lindsay,  Joseph  Ira. 

A  Lindsey,  Joseph  Ferdinand,  Jr. 

A  Lindetrom,  Alfred  Herman. 

A  Llnfield,  Edwin  Porter. 

A  Lltch,  John  Goodrich. 

C  Litchfield,  William  Harvey. 

A  Littcll.  Alice, 

i)  Little,  Abby  Noyes. 

D  Little,  Charles  Sherman. 

A  Little,  Harry  James. 

A  Little,  William  Brlmblecom. 

D  Llttlefield,  Anna  Maria. 

D  LiUlefleld,  George  Curtis. 

A  Littlefield,  Samuel  Horace. 

B  Liverpool,  Joshua  Henry. 

D  Livingston,  Ernest  George. 

A  Livingston,  Joseph  Alexander. 

A  Lloyd,  Charlea. 

B  Lioyd,  Seth  Louis. 

D  Lockary,  Joseph  Logue. 

A  Locke,  Horace  Mann. 

A  liockhart,  Joseph  Smith. 

I>  Logan,  Frank  Parker  Tays. 

A  Lombard,  John  Patrick. 

C  lAimbard,  Julia  Mary. 

A  lx>nergan,  Thomas  Daniel. 

B  Longfellow,  Melvlna  Frances. 

A  Long  ley,  Mary  Theresa. 

A  Loorois,  Charles  Otis. 

A  Loomis,  William  Wellington. 

D  Lonl,  Herbert. 

A  Lord,  Sidney  Areber. 


D 

Loring,  Benjamin  Tappan. 

A 

Loring,  Harriet  Augusta. 

D 

Loring,  Robert  Gardiner. 

A 

fjoring,  Robert  Peannaln. 

A 

Lothrop,  Charles  Arthur. 

A 

Lothrop,  George  Edgar. 

A 

Lothrop,  Harriet  Eleanor. 

A 

LoUirop,  Howard  Augustus. 

B 

Loucks,  John  Steams. 

D 

Lougee*  Arthur  Jewett. 

A 

Lougee,  Frank  Taylor. 

A 

Longee,  May  WllUamlna. 

D 

Lougee,  William  Wheeler. 

B 

Longest,  Charlea  Albert. 

D 

Loughran,  James  Francis. 

A 

Louis,  Isaac. 

D 

Love,  James. 

D 

Love,  William  LaUirop. 

A 

Lov^oy,  Charles  Averill. 

D 

Lovcijoy,  Fred  Wendell. 

A 

Loveland,  Charles  Harrison. 

A 

Lovell,  Charles  Dlzon  Smith. 

A 

Lovell,  Charles  Edward. 

A 

Lovell,  David  Bigelow. 

B 

Lovell,  Gideon. 

A 

Levering,  Anna  Temple. 

A 

Lovett,  Robert  Williamson. 

C 

Lowe,  Fred  Messenger. 

D 

Ixiwell,  Alveme  Percy. 

A 

Lubln,  Ijton  Thtephlle  Jale». 

A 

I^uchsinger,  Harry  Warner. 

1) 

Luck,  Emll  Paul  Max. 

A 

Ludden,  Emerson  August  as 

B 

Lull,  Henry  Cuahman. 

A 

Lund,  Fred  Bates. 

A 

Lttscomb.  Job  Everett. 

A 

Lttssler.  Charles  Arthur. 

A 

Lussler,  Cyril  le  Francois. 

D 

Lynch,  Charles  FrmncU. 

A 

Lynch,  Michael  Henry. 

A 

Lynch.  Samuel  Bartlett. 

K 

Lynn,  Charles  William. 

A 

Lyon.  Annie  Isabelte. 

A 

Lyon,  Arthur  Vlaal. 

D 

Lyon,  Frederick  Dow. 

A 

Lyons*  Christopher  Philip. 

A 

Lyons,  Herbert  Henry. 

A 

Lyons,  Joseph  Benedict. 

A 

Macartby.  George  Khleu. 

D 

MacCabe,  Arthur. 

D 

Macdonahl,  Alexaniler  Am 

brose. 

A 

Maodonald.  Angus. 

A 

MacDonald,  Archibald  K]c\rU 

A 

Macdonald,  Colin  William. 

A 

Maodonald,  Donald  Francis. 

D 

Macdonald,  Donald  WilHaoi. 

D 

MacDonald,  Elmmr  Joeeph. 

A 
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A  MncDonaid,  Rufiis  Cyreue. 

D  MacDouald,  WllUam  Campbell. 

A  Macdonald,  William  Gregory. 

A  Blacdonald,  William  Lewis. 

A  MacDonnell,  John. 

A  Macdougall,  Dancan. 

A  Mace,  Herbert  Eugene. 

D  Macgowan,  Joseph  Johnston. 

C  Mack,  Charles  David  Gibson. 

C  Mack,  Helen  Goorglnia  Flagler. 

D  MacKay,  George  Flnlay. 

A  Mackeen,  Alfred  A twater. 

A  MacKenzle,   Freeman   Alexan- 
der. 

A  Mackie,  George. 

A  Mackie,  Laura  Viola  Gustln. 

A  Mackie,  William  Basilio. 

D  Mackie,  William  Charles. 

C  Mackin,  Charles. 

D  Mackintosh,  Ernest  Robert. 

D  Macleod,  Harry  Found. 

D  McMahon,  Jolin  Joseph. 

D  MacMlllan,  Andrew  Louis. 

D  Macomber,  Nathaniel  Gilford. 

C  Macpherson,   George  Sturte- 
vant. 

A  Macpherson,   Frederick   Wil- 
liam. 

B  MacRae,  Duncan. 

D  MacWhinnle,  Arthur  Morgan. 

I)  Macy,  Fred  Stevens. 

K  Madden,  John  Joseph. 

C  Madden,  William  Daniel. 

A  Magee,  Edward  Joseph. 

A  Magee,  John  Augustine. 

D  Magrath,  George  Burgess. 

D  Maguire,  Charles  Francis. 

G  Maguire,  John  Edward. 

C  Magum,  Francis  Thomas  Louis. 

D  Mahady,  Joseph  John. 

D  Mahon,  James  Arthur. 

D  Mahoney,  Edward  Joseph. 

D  Mahoney,  George  Clifton. 

A  Mahoney,  John  Bernard. 

A  Mahoney,  John  Francis. 

£  Mahoney,  John  Lewis. 

A  Mahoney,  John  Stephen. 

A  Mahoney,  Stephen  Andrew. 

A  Maine,  Frank  Duane. 

D  Mains,  Charles  Frederick. 

A  Makechine,  Horace  Perkins. 

C  Mallory,  Frank  Burr. 

A  Manahan,  Herl)ert  Wellington. 

A  Manchester,  Delos  Burd. 

A  Mangan,  John  Joseph. 

D  Mann,  Arthur  Teall. 

F  Mann,  Augustine  Alvan. 

A  Mann,  Martha  Elizabeth. 

A  Mann,  Mary  Ella. 


A  Mann,  Mary  Frances. 

A  Mann,  William  Orris. 

B  Manseur,  Mary  Merrill. 

A  ManBfleld,  Charles. 

A  Mansfield,  Henry  Tucker. 

D  Mansfield,  James  Albert. 

A  Mansfield,  John  Robbing. 

A  Manefleld,  Robert  Joseph. 

D  Mansur,  Leon  Wallace. 

A  Mansur,  Richard  Harrison. 

A  Mara,  Frank  Timothy. 

A  Marble,  John  Oliver. 

D  Marcley,  Walter  John. 

A  Marcy,  Henry  Orlando. 

D  Marcy,  Henry  Orlando,  Jr. 

D  Marden,  Mllmot  Leighton. 

A  Marin,  Joseph  Paul  Aster. 

A  Marion,  Horace  Eugene. 

A  Marion,  Otis  Humphrey. 

D  Marr,  Myron  Lawrence. 

A  Marsh,  Albert. 

C  Marsh,  Arthur  White. 

A  Marsh,  Charles  David. 

D  Marsh,  Frank  Filmore. 

A  Marsh,  James  Elmer. 

A  Marshall,  Carey  Fenton. 

A  Marshall,  Foster  Leroy. 

A  Marshall,  Julia  Ann. 

D  Blarshall,  Perry. 

D  Marston,  Albert  Jeremiah. 

D  Marston,  Daniel  William. 

A  Marston,  Edward  Brooks. 

B  Marston,  George  Dexter. 

E  Marston,  Joseph  Norrls. 

A  Marston,  Luther  Moulton. 

D  Martel,  Stanislas. 

D  Martin,  Archibald  Herbert. 

A  Martin,  Francis  CofUn. 

A  Martin,  George  Albert. 

A  Martin,  George  Forrest. 

A  Martin,  Gregory  Arvide. 

D  Martin,  Harry  Charles. 

E  Martin,  John  Brayton. 

D  Martin,  John  Joseph. 

D  Martin,  John  Macleod. 

A  Martin,  Luther  Orin. 

A  Martin,  Miles. 

A  Martin,  Pearl. 

D  Martin,  William  John. 

A  Marvin,  Grace. 

B  Marvin,  Ora  Ellsha. 

D  Marvin,  Sydney  Robertson. 

A  Maryott,  Erastus  Edgar. 

D  Maskell,  Leonard  .Joseph. 

B  Mason,  Almond  Waldo. 

A  Mason,  Amos  Lawrence. 

A  Mason,  Atherton  Perry. 

D  Mason,  Gilbert  McClellan. 

E  Massa,  Gaetano 
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A  Mather,  Edward  Ellas. 

D  Blathews,  Georgo  William. 

A  Blatte,  Joseph  Hubert  Ambrose. 

D  Maxwell,  George  Banuerman. 

A  Maxwell,  Warren  Brown. 

E  May,  Charles  Emerson. 

A  May,  George  EHshn. 

1)  May,  John  Shopai'd. 

D  May,  William  Ropes. 

C  May  berry,  Charles  Bradford. 

A  May  berry,  Ed  win  NolKon. 

D  May  berry,  Frank  Eugene. 

A  Maynard,  LouU  Aime. 

D  McAdams,  James  Philip. 

D  McAllister,  John  GUnian. 

E  McAusIan.  James  Lewis. 

A  McAvinnue,  Frank. 

D  McAvoy,  John  Joseph. 

D  McCabe,  Denis  John. 

A  McCabe,  John  Joseph. 

A  McCann,  Alfred  Ernest  Arthur. 

A  McCarthy,  Charles  Daniel. 

A  McCarthy,  Charles  Florence. 

A  McCarthy,  Eugene  Allen. 

E  McCarthy,  Frederick. 

A  McCarthy,  John  Coaklcy. 

D  McCarthy,  Timothy  Francis. 

I)  McCarthy,  Thomas  Francis. 

A  McCarthy,  Thomas  Horatio. 

A  McCarthy,  William  Henry. 

A  McCaity,  James  Joseph. 

R  McCaulcy,  Albert  Anthony. 

A  McClean,  Alexander  Spear. 

A  McClean,  George  Chesley. 

A  McClearn,  Charles  William. 

D  McCluskey,  Henry  Lincoln. 

A  McCoUester,  John  Qulncy 

Adams. 

A  McCoUoro,  John  HUdreth. 

A  McConnell,  Hugh  Beemer. 

A  McCorroack,  Alexander  Leslie. 

A  McCormack,  Reynold  James. 

D  McCormlck,  Alfred  Hugh. 

A  McCormick,  Cornelius  Joseph 

E  McCormlck,  John. 

D  McCormick,  Thomas  Henry. 

D  McCoy,  Hugh  Alexander. 

D  BIcCoy,  John  Cresap. 

D  McCurdy,  James  Huff. 

A  HcCrea,  Albert  James. 

D  McDermott,  Bernard  Francis. 

D  McDermott,  William  Vincent. 

A  McDcTltt,  James  John. 

A  McDonald,  James  Athanasiua. 

A  McDonald,  John  Henry. 

A  McDonald,  William  Alexander. 

A  McDougall,  Samuel  Jay. 

A  McDonoQgh.  Lawrence  John. 

B  McDonough.  Thomas  Patrick. 


E  McEvoy,  George  AlberL 

D  McEvoy,  Thomaa  Edward. 

D  McFee,  William  David. 

D  McGann,  John  Henry. 

A  McGannoD,  Thomaa  Gerald. 

B  McGhuiraD,  G«org«  Francis. 

A  McGauran,  Michael  Sheridan. 

D  McGee,  Fannie  Maria. 

D  McGllllcuddy,    CornellUB 

Joseph. 

A  MoGlllicuddy,  John  Timothy. 

D  McGourtj,  James  Eagene. 

D  McGovera,  Catherine  Elisabetli. 

D  McGrath,  Bernard  Praada. 

A  McGrath,  John  Edwartl. 

D  McGrath,  Wllltam  Fennelly. 

A  McGulgan,  John  Joseph. 

A  Mclntlre,  David. 

A  Mcintosh,  Donald  M. 

A  Mcintosh,  Frederic  Lemant. 

D  Mcintosh,  Herbert. 

D  Mcintosh,  John  DaTld. 

A  Mcintosh,  WUUam  Page. 

A  Mclntyre,  Herbert  Brace. 

D  McKeen,  Sylvester  Porshay. 

A  McKenna,  Frank  A. 

A  McKenna,  Francis  Patrick. 

E  McKenna,  James  Charles. 

A  McKenty.  Jonathan  Thomas 

Edmund. 

A  McKenzle,  John  Robert. 

B  McKlnstry,  John  Alexander. 

D  McKnight.  A  flam  Slephenfon. 

A  McKoan,  John  WilUam. 

A  McLaughlin,  James  Stephen. 

A  McLaughlin,  Henry  Valentlae. 

A  McLaughlin,  Joseph  Ignatitts. 

A  McLaughry,  Eliaabetta. 

A  McLean,  Charles. 

D  Mcl^ean,  James  Clifford. 

D  McLellan,  Archibald  Colin. 

A  McLellan,  Edward  Aagostos. 

A  McLennan,  Roderick. 

A  McLeod,  Percy  DeMUle. 

D  McLeod,  William  McKensle. 

A  McMichael,  WlUls  Brooks. 

A  McMillan,  Isaac  Murray. 

D  McMillan,  Kate. 

A  McMilUn,  Wallace. 

D  McNalr,  Robert  Hamilton. 

A  McNally,  William  Joseph. 

D  McNamara,  Eugene  Thoma«. 

D  McNeil,  Archibald. 

E  McNeish,  Alexander. 

D  McNlff,  William  Joseph. 

A  McOwen,  Timothy  Edward. 

A  McOwen.  WUllaro  Henry. 

A  McPhersoa,  William  Ellswetth. 

D  McQoaid.  Thomas  Remsrd 
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A 

McQuecney,  Francis  Joseph. 

A 

Millard,  Henry  James. 

D 

McWilUaniu,  John  Leslie. 

A 

Miller,  Albert  Eber. 

D 

Mca<l,  Frederick  Am  mi. 

A 

Miller,  Albert  Monroe. 

A 

Blead,  George   Nathaniel 

A 

1 

Miller,  Charles  Hermann. 

Pliimer. 

A 

Miller,  Edward  Roscoe. 

A 

Mend,  Julian  Augustus. 

I> 

Miller,  Elmer  Manton. 

A 

Mead,  William  Frederick. 

A 

Miller,  Ernest  Parker. 

A 

Meader,  Charles  Eugene. 

R 

Miller,  Frances  Jane. 

A 

Meagher,  MIcliHol  John. 

1) 

Miller,  James,  Jr. 

A 

Means,  Andrew  Fuller. 

E 

Miller,  Lester  Col  well. 

E 

Means,  Philip  Corydon. 

A 

Miller,  Llzbeth  Dora. 

D 

Meant,  I^ank  Sherman. 

A 

Miller,  Norman  Rogers. 

A 

Blecuen,  (jeorge  Edward. 

A 

Miller,  Vesta  Delphine. 

1> 

Meek,  Edith  Ruth  Eliza. 

A 

Miller,  Webster. 

A 

Meeker,  (jeorge. 

A 

Millerick,  Daniel  Edward. 

A 

Mehegan,  Daniel  Joseph. 

A 

Millet,  Wilfred  Antonio. 

A 

Mehrenlender,  Albert  Nochlm. 

A 

Mlllett,  Charles  Sumner. 

A 

Meigs,  Joe  Vincent,  Jr. 

D 

Mllliken,  Charles  Warren. 

C 

Meigs,  Jonathan  Harding. 

D 

Mllliken,  Roscoe  Green. 

A 

Meigs,  Return  Jonathan. 

A 

Mllliken,  William  Hardy. 

D 

Melifant,  George  Francis. 

£ 

Mills,  Augustus  Webster. 

A 

Blellen.   William    Michael    Ed. 

A 

Mills.  Ge4»rge  Westgate.      * 

ward. 

A 

Milot,  Alphonse  Francois. 

I) 

Blello,  Antonio  Amor  dc. 

D 

Minanl,  Ralph  Waldo. 

A 

Melius,  Edwanl  Lin  don. 

I> 

Miner,  Jennie  Theodato. 

A 

Menard,  Anthyme  Sylvcstrc. 

A 

Miner,  Worthington  Warner. 

D 

Meranible,  Clarence  Eugene. 

A 

Minot,  Francis. 

A 

Men*er,  William  James. 

A 

Mlnot,  James  Jackson. 

A 

Mercer,  William  Marccllinc. 

A 

Minot,  John  Francis. 

D 

Merchant,  Harry  Alvln. 

D 

Mlnshall,  Arthur  Gladstone. 

A 

Merriam,  Frances  Adelaide. 

A 

Mintz,  Fishel  Tonchel  Zelmaro- 

£ 

Merriam,  Franklin  Henry. 

wlch. 

A 

Merrick,  Robert  Michael. 

A 

Mitchell.  Arthur. 

D 

Merrick,  Sara  Newcomh. 

A 

Mitchell,  Charles  Henry. 

A 

Merrill,  Arthur  Ellsworth. 

D 

Blitchcll,  Harry  Walter. 

D 

Merrill,  Quincy  Heald. 

B 

Mitchell,  John  Singleton. 

A 

Merrill,  William  Howe. 

D 

Mitchell,  William. 

A 

Merrttt,  Louis  Arthur. 

A 

Mltchie,  James  Carey. 

A 

Merritt,  Salome. 

A 

Mixter,  Orlando. 

A 

Merritt,  Silas  Virgil. 

A 

Mixter,  Samuel  Jason. 

D 

Merrttt,  Victor  Sulviro. 

A 

MoffaU,  George  Tufton. 

A 

Merry,  William  Henry. 

A 

Moffltt,  Carl  Walmer. 

A 

Moseer,  Charles  Carson. 

A 

Mofiitt,  Herbert  Charles. 

A 

MetcAlf,  Ben  Hicks. 

D 

Molr,  Archibald  Campbell  MIL 

B 

Metcalfe,     Stephen       Michael 

ton. 

Ryves. 

A 

Molln,  Isaac. 

D 

Metzger,  Butler. 

A 

Moll,  Louis  Arthur. 

D 

Meyer,  Adolf. 

A 

Moileur,  Louis  Francois. 

D 

Meyer,  Edward  James. 

A 

Mongan,  Charles  Edward. 

D 

Meylan,  George  Louis  JuUen. 

A 

Monks,  George  Howard. 

A 

Mlgnault,  Armand. 

D 

Monroe,  John  Eugene. 

A 

Mignault,  Arthur. 

B 

Monroe,  Thomas  Wilson. 

D 

M  ignault.       Louts       Joseph 

D 

Montague,  Charles  Elt>ort. 

Adolphe. 

I> 

Montgomery,  Mary  Louise. 

A 

Mignault,  Rodrique. 

A 

Monteiro,  Blanuel  Garcia. 

A 

Mlgnault,  Victor. 

A 

Mooers,  Charles  Albert. 

A 

Milan,  Michael  Bernard. 

A 

Mooers,  Emma  Wilson. 

A 

Miles,  Charles  Edwin. 

A 

Mooney,  Philip. 

A 

Miles,  George  Albert. 

D 

Moore,  Elmer  Ellsworth. 

54 


REGISTRATION  IN  MEDICINE. 


[Jan. 


Official  List  of  Practilioners  of  Medicine  —  Continned. 


D  Moore,  Frederick  Flake. 

A  Moore,  James  Herbert. 

1)  Moore,  James  Spencer. 

D  Moore,  .Tohn  Henry. 

A  Moore,  John  Patrick. 

A  Moran,  Horace  Sheridan. 

I)  Moran,  James  Joseph. 

A  Moran,  John  Brennan. 

A  Moran,  Martin  William. 

1>  Morey,  Mary. 

A  Morgan,  John. 

A  Morgan,  Lewis  £dwin. 

D  Morgan,  William  Edward. 

D  Morlarty,  James  Llgnori. 

A  Moroney,  William  Joseph. 

A  Blorong,  Arthur  Bennett. 

A  Morrill,  Charles  Plummer. 

A  Morrill,  Ferdinand  Gordon. 

A  Morrill,  Frank  Armington. 

B  Morrill,  Frederick. 

B  Morrill,  George  Albert,  Jr. 

A  Morrill,  Henry  Brown. 

A  Morris,  Frances  Morris. 

A  Morris,  George  Patrick. 

A  Morris,  James  Stewart. 

A  Morris,  John  Galvin. 

A  Morris,  Michael  Augustine. 

D  Morris,  Richard  Holt. 

D  Morris,  Robert. 

A  Morrison,  James. 

A  Morrison,  Robert  Edgar. 

A  Morrison,  William  Alexander. 

A  Morrow,  Charles  Harvey. 

A  Morse,  Abby  Swan. 

A  Morse,  Alnion  Gardner. 

A  Morse,  Charles  Ellsworth. 

A  Morse,  Charles  Francis. 

n  Morse,  Charles  Frederick. 

A  Morse,  Charles  Wheeler. 

A  Morse,  Edward  Gllead. 

A  Morse,  Frank  Adelbert. 

A  Morse,  Frank  Leander. 

A  Morse,  Fred  Harris. 

A  Morse,  George. 

B  Morse,  George  Franklin. 

A  Morse,  George  Mason. 

C  Morse,  Henry  Lee. 

A  Morse,  John  Aline  William. 

A  Morse,  John  Lovett. 

A  Morse,  Martin  Van  Buren. 

A  Morse,  Nathan  Ranson. 

A  Morse,  Robie  Sidney. 

1)  Morse,  Seth  Bradford. 

A  Morton,  Helen. 

D  Mosher,  Frank  Ordon. 

D  Mosher,  Harris  Peyton. 

A  Mosher,  Marshall  James. 

A  Mosher,  Mary  Edna. 

D  Moi*f»man,  Alvsm  R. 


A  Mott,  Albert. 

A  Mott,  Joseph  Vamuro. 

A  Mott.  Walter. 

A  Monlton.  Albert  Roeroe. 

A  Monlton,  Benjamin  PraDcU. 

A  Moulton,  Cb&rles  Fre<l. 

A  Mowe,  Frank  Henry. 

D  Mowry*  Classen. 

A  Mudge,  Kato  Gerimde. 

A  Mnlcahy,  Joseph  Francis. 

A  Mulligan,  James. 

D  Mnlliner,  llkry  Rees. 

A  Malllns,  Eugene  Norton. 

A  Mum  ford,  James  Gregory. 

A  Man  ball,  Katharine  Stanis]aa<t. 

C  Munro,  John  Cammlngs. 

E  Murphy,  Edward  Vincent. 

C  Munsell,  George  Nelson. 

A  Mnnaon,  Virgil  Hitctioock. 

A  Murdock,  Edward  Arthur. 

A  Murphy,  Daniel  DaTld. 

C  Murphy,  Daniel  Francis. 

A  Murphy,  Emily  Frances. 

A  Murphy,  Francis  Charles. 

D  Murphy,  Jeremiah  Edward. 

A  Murphy,  Johu  Henry. 

A  Murphy,  John  McKonkey. 

A  Murphy,  Joseph  Briggs. 

C  Murphy,  Joseph  Patrlrk. 

A  Murphy,  Timothy  Joseph. 

A  Murray,  Edward  Francis. 

D  Musgrave,  Percy. 

A  Mattart,  George  Moricy. 

D  Narey,  William  Joseph. 

C  Nash,  George  William. 

A  Nash,  Horace  Milton. 

A  Nason,  Arthur  Clark. 

A  Nason,  Laurenttns  Melancibon. 

A  Nason,  Osmon  Oleander  Baker. 

A  Neal,  Charles  Arthur. 

D  Neale,  Ulllan  Belle. 

A  Neeffts,  Robert  Henry. 

C  NeileoD,  WiUlam. 

A  Nelson,  Lois  Leverett. 

D  Nesbltt,  Thomaa. 

B  Neuville,     Josephine     Mltirier 

dela. 

A  Newcomb,  Elisabeth. 

B  Newcomb,  George  Lewis. 

A  Newcomb,  Luther. 

D  Newcomb,  Marietta  Eaton 

D  Newcomb,  Scott  Campbell. 

B  Newell,  Charles  Martin. 

A  Newell,  Frank  Samuel. 

D  Newell,  fVanklln  Spllman. 

D  Newell,  Fred  Amaaa. 

D  Newell,  Henry  Edward. 

A  Neweil,  OtU  Kimball. 

A  Newhall,  Edward. 
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A  Newhall,  Herbert  William. 

A  Newhall,  Lawrence  Thompson. 

£  Newsome,  Edgar  Thomas. 

D  Newton,  Aaron  Lewis. 

A  Newton,  Ablel  Wood  Kennedy. 

B  Newton,  Adln  Hubbard. 

D  Newton,  Carrie  E 

A  Newton,  Edward  Cazneau. 

D  Newton,  Edward  Bos  well. 

A  Newton,  Eleanor  Frost. 

A  Newton,  Frank  Loomls  Sabln. 

D  Newton,  Leroy  Allan. 

A  Newton,  Sarah  Fenno. 

D  Newton,  WUllam  Curtis. 

A  Nichols,  Arthur  Howard. 

B  Nichols,  Charles  Edward. 

A  Nichols,  Charles  Fessenden. 

A  Nichols,  Charles  Lemuel. 

A  Nichols,  Edward  Hall. 

D  Nichols,  George  Hay  ward. 

B  Nichols,  Helen  Luclnda  Olft. 

A  Nichols,  John  Holyoke. 

A  Nichols,  John  Taylor  Oilman. 

A  Nlckerson,  Asa  Harden. 

A  Nlckerson,  Franklin. 

A  Nlckerson,  George  Wheaton. 

A  Nlckerson,  William  Jabez. 

A  Niles,  Edward  Harry. 

A  Nlms,  Edward  Beecher. 

A  Niquette,  Louis  Bartholomew. 

D  Nlyer,  Emmett. 

A  Nlzon,  Alfred  John. 

A  Nobile,  Angelo. 

A  Noble,  Alfred  Ira. 

D  Noble,  Anngenette  Fowler. 

B  Noka,  Benjamin  Gardner. 

E  Nolan,  William  Francis. 

A  Noonan,  Michael  Charles.     * 

A  Norcross,  Ernest  Freeman. 

A  Nordstrom,  Cynthia  Maria. 

D  Normand,  Jean  Napoleon. 

D  Normandin,  Alphonse. 

A  Normandin,  Louis  Zephirin. 

A  Norris,  Albert  Lane. 

A  Norris,  Sarah  Frances. 

D  Northrop.  Clarence  Clark. 

A  Norton,  Ebeu  Carver. 

A  Norton,  Eliza  Bogart  Ijawrence. 

D  Norton,  George  Paul. 

D  Norton,  Herbert  Rozelle. 

A  Norton,  James  Safford. 

A  Norwood,  Ephrlam  Wood. 

A  NoU,  Albert. 

A  Nottage,  Herbert  Percy. 

D  Nowland,  George  Dunn. 

A  Noyes,  Ernest  Henry. 

D  Noyes,  Henry  Allen. 

A  Noyes,  Nathaniel  Kingsbury. 

A  Noyes,  Rnfus  King. 


A  Noyes,  William. 

D  Nute,  Marion. 

A  Nutter,  William  Dennett. 

D  Nutting,  Frederick  Harrison. 

A  Nutting,  William  Walace. 

A  Nutting,  Will  Wallace. 

D  Oakes,  Fltz  Albert. 

A  O'Brien,  Denis  Aloysius. 

D  O'Brien,  John  Charles. 

A  O'Brien,  .Tohn  Francis. 

6  O'Brien,  Michael  John. 

A  O'Brien,  Owen  St.  Clare. 

A  O'Brien.  Philip  Thomas. 

D  O'Brien,  Walter  John  Leo. 

A  O'Callaghan,  Denis  Francis. 

A  O'Callaghan,  Mary  Vincent. 

A  O'Callaghan,  Thomas  A 1  bert. 

A  O'Connell,  John  David. 

A  O'Conner,  James  Bernard. 

D  O'Connor,  Charles. 

D  O'Connor,  John  Fr|incls. 

D  O'Connor,  John  Henry. 

A  O'Connor,  John  James. 

A  O'Connor,  Thomas  Hugh. 

A  O'Connor,  Watklns  Roberta. 

A  Odlin,  Charles  Cushlng. 

D  O'Doherty,  John  Dominaca. 

A  O'Donnell,  Francis  Michael. 

B  O'Donnell,  George  Thomas. 

A  O'Donnell,  Louis  Patrick. 

n  O'Donnell.  William. 

D  Ogden,  Charles  Ludlow. 

A  Ogden,  Jay  Bergen. 

A  O'Heam,  William  Henry. 

D  Ohnesorg,  Karl. 

A  O'Keefe,  Michael  Wallace. 

A  O'Keeffe,  Daniel  Thomas. 

A  O'Kle,  Howard. 

A  Olds,  Frank  Williams. 

A  O'Leary,  Helen  Bartlett. 

A  O'Leary,  Joseph  Augustus. 

A  Olin,  Francis  Henry. 

B  Olive,  Eben. 

A  Oliver,  Charles  Augustus. 

A  Oliver,  James. 

A  Oliver,  Joseph  Pearson. 

A  Olmstead,  Charles  Edward. 

A  Olmstead,  William  Adams. 

A  O'Meara.  Michael  John. 

E  O'Neil,  Richard  Frothingham. 

A  Oppe,  Samuel. 

D  (3rd way,  Charles  Anthony. 

A  Ordway,  George  Albert. 

B       O'Regan,  John. 

A       O'Reilly,  William  Joseph. 

D       Orr,  Samuel  San  ford. 

A       Osborne,  Aaron  Sylvan  us. 

A       Osborne,  George  Sterne. 

B       Osceonneo,  Charles  Edwin. 
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A 

Osgood,  George  Cowles. 

D 

Paquln,  Elsear. 

0 

Osgood*  George  Edward. 

A 

Parcher,  George  Clarence. 

A 

Osgood.  Gllman. 

A 

Park,  Francis  Edwin,  -Ir. 

A 

Osgood,  Hamilton. 

A 

Park,  li«aac  Park. 

A 

Osgood,  James  Henry. 

A 

Park,  James  Timothy. 

C 

O'Shea,  Edward  Flavin. 

A 

Park,  Johu  Gray. 

D 

0*Shea,  Joseph  Francis. 

E 

Park,  Osmond  Franklin. 

A 

Osman,  Charles  Frank. 

£ 

Parker,  Arthur  Holmes. 

A 

O'Salllvan,  Daniel  Joseph. 

A 

Parker,  Charles  Edwin. 

D 

0*8alliTan,  John  Joseph. 

A 

Parker,  Charles  Frederick. 

A 

Otis,  Edward  Osgood. 

D 

Parker,  Edward  Grabame, 

A 

OtlB,  Walter  Joseph. 

D 

Parker,  Edward  Oliver. 

A 

OToole,  James  Henry. 

A 

Parker,  Edwin  Monroe. 

D 

OToole,  Thomas  Henry. 

B 

Parker,  Ernest  Kent. 

A 

Ott,  George  John. 

A 

Parker,  Francl:^  Fullan. 

A 

Otterson,  William  David. 

A 

Parker,  Frank  Howanl. 

D 

Outhouse,  John  Stanley. 

A 

Parker,  Harriet  Eliza. 

D 

Overlock,  Melvin  George. 

C 

Parker,  Henry  Ward. 

A 

Oviatt,  George  Alexander. 

D 

Parker,  John  Howanl. 

n 

Owen,  James  Williamson. 

A 

Parker,  Moses  Greeley. 

D 

Ow^n,  Mary  Angell. 

D 

Parker,  Ralph  Walter. 

A 

Owen,  Variilas  Linus. 

A 

Parker,  Burns  Stanly. 

A 

Packard,  Edward  Albert. 

A 

Parker,  Rupert  William. 

D 

Packard,  George  Henry. 

D 

Parker,  Walter  Henry. 

A 

Packard,  Horace. 

A 

Parker,  Wallace  Asabel. 

A 

Packer,  Edmund  Hilliard. 

A 

Parker,  William  Edward. 

D 

Packer,  Henry  Ernest. 

A 

Parker,  William  Tboraloa. 

A 

Paddock,  Franklin  Kittridge. 

A 

Parkhurst,  Lnroan  Boyiira 

A 

Paddock,  William  Leroy. 

A 

Parks,  Edward  Luther. 

A 

Padnla,  Thomas  Franci:*. 

A 

Parka,  John  WUson. 

A 

Page,  Albeit  Kidder. 

A 

Parks,  Silas  Henry. 

C 

Page,  Calvin  Gates. 

A 

Parmalee,  William  Josiali. 

B 

Page,  Charles  Edward. 

D 

Parmenter,  Kenneth  BaymanJ 

A 

Page,  Charles  Whitney. 

D 

Parodl,  TtBolUo. 

A 

Page,  Charlotte  Evans. 

B 

Parrlfl,  John  Bowers. 

A 

Page,  Edward. 

D 

Parsons,  Chuiee  JotaaeUm. 

A 

Page,  Frank  Wilfred.  * 

D 

Parsons,  Frank  Sean. 

D 

Page,  Frederick  Carroll. 

A 

Parsons,  Harry  Snow. 

D 

Page,  George  Thornton. 

A 

Parsons,  John  Eleaier. 

A 

Page,  Uarslein  Wendell. 

B 

Parsons,  Menna  Amelia. 

D 

Page,  Joseph  Gregory  Klia.<«. 

D 

Partree,  Homer  Tomtlasoa. 

B 

Page,  Margaret  Beulah. 

A 

Partridge,  Charles  OstUn. 

A 

Pagelsen .  Howard,     Margaret 

A 

Partridge,  Frank  Josepk. 

Emily. 

A 

Partridge,  TlK>nia4  Jeffcrma. 

A 

Paige,  Nomus. 

D 

Pasooe,  James  Botterell. 

A 

Paine,  Amasa  Elliot. 

A 

Pascoe,  William  WheUa. 

r 

Paine,  An  Martthall. 

A 

Passoff,  Edward  Jacob. 

A 

D 

Patch,  Ann  Sophia  Kenoey. 

D 

Paine,  Sumner. 

>          A 

Patch,  Fimak  Wallace. 

D 

Painter,  Charier  Falrbank. 

A 

Patch,  William  Tbnnlaa 

A 

Palardy,  Joseph  Hector. 

A 

D 

Pakoek,  Alblna  Marie. 

B 

Patrick,  Joseph  Eilwani. 

A 

Palmer,  Charles. 

A 

Patrick,  Thomas  William. 

A 

Pataner,  Esn. 

D 

Pattee,  Asa  Lee. 

A 

Palmer,  George  Monroe. 

A 

Patten,  AntboBy  Dimork. 

D 

A 

Patten,  Fnmk  WUHaais. 

A 

Palmer,  Lewis  Merrht. 

A 

Patten,  Julia  Maria. 

A 

PahB«r.SazmhlUlen. 

D 

Patten,  Stephen  Kerr. 

B 

Paplaeao,  Loola  Joseph. 

A 

Pattenoa.  Alice  Maria. 
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D 

Patterson,  Alice  Zelia. 

A 

B 

Patterson,  Belle  French. 

A 

D 

Patterson,  Charles  Frederick. 

A 

A 

Patterson,  David  Nelson. 

D 

C 

Patterson,  William  Francis. 

A 

D 

Patton,  Lawrence  Finney. 

A 

A 

PatoCl,  Francis. 

A 

A 

Paul,  Walter  Everard. 

A 

D 

Paul,  WUlard  Augustas. 

D 

A 

Paulhus,  Ovlde  Maxime. 

A 

A 

Paullg,  Frederick  August. 

D 

D 

Paulsen,  Mary. 

D 

A 

Paun,  Amos  BoBWorth. 

A 

P 

Pavlldes,  Demosthenes. 

A 

A 

Payne,  Frederick  William. 

D 

A 

Payne,  George  Harkuess. 

A 

A 

Payne,  James  Henry. 

A 

A 

Payne,  James  Henry,  Jn 

A 

A 

Payne,  John  Howard. 

D 

A 

Peabody,  Charles  Augustus. 

A 

D 

Peabody,  Sophia  Reed. 

C 

D 

Pearce,  Mary  Alice. 

A 

A 

Pearce,  Richard  Mills. 

D 

D 

Pearl,  Frederick  Warren. 

D 

Pearson,  Charles  Lusby. 

A 

A 

Pearson,  John  William. 

A 

A 

Pearson,  Mary  Morey. 

A 

Pearson,  Maurice  Wellesley. 

A 

A 

Pease,  Edward  Allen. 

D 

D 

Pease,  Ella  Gertrude. 

A 

A 

Pease,  Herbert  Orrin. 

A 

Pease,  James  Milton. 

D 

A 

Peasley,  Emma  Janet. 

B 

A 

Peck,  Albeit  Fred. 

A 

D 

Peck,  Eugene  Chase. 

D 

Peck,  Luke  Baker. 

B 

A 

Peckham,  Anson  Churchill. 

B 

A 

Peckham,  Katherlne  Fenner. 

A 

D 

Peckham,  William  David. 

A 

C 

Pedrlck,  Stephen  Augustus. 

B 

D 

Peebles,  Thomas  Chalmers. 

A 

A 

Peirce,  Amos  Hagar. 

A 

A 

Peiroe,  Charles  John. 

B 

A 

Peirce,  Edward. 

A 

A 

Peirce,  Ellhu  Proctor. 

D 

E 

Peirce,  Fi-ederlc  Joseph. 

A 

D 

Peirce,  George  Alphonso. 

A 

A 

Peirce,  James. 

A 

A 

Peirson,  Edward  Lawrence. 

D 

D 

Penny,  Herbert  Thomas. 

A 

D 

Percy,  David  Thomas. 

A 

A 

Percy,  Frederick  Bosworth. 

C 

A 

Percy,  George  Emery. 

A 

J> 

Perkins,  Anne  Elizabeth. 

A 

A 

Perkins,  Archie  Elmer. 

D 

A 

Perkins,  Charles  Edwin. 

B 

D 

Perkins,  Eben  Meade. 

A 

A 

Perkins,  Edward  Augustus. 

A 

A 

Perkins,  Henry  Phelps,  Jr. 

A 

Perkins,  Nathaniel  Royal. 

Perkins,  Stella  Manning. 

Perkins,  Thomas  Lyman. 

Perkins,  Thomas  Tounge. 

Perkins,  Wesley  Bennor. 

Pero,  Joseph  Thomas. 

Perrins,  John. 

Perrins,  William  Arthur. 

Perley,  Roscoe  Damon. 

Perry,  Arthur  Pedro. 

Perry,  Arthur  Reed. 

Perry,  Charles  Freeman. 

Perry,  Charles  Homer. 

Perry,  Eben  Greeley. 

Perry,  Edgar. 

Perry,  Edward  William. 

Perry,  Fredcilc  Davis. 

Perry,  George  Lewis. 

Perry,  Henry  Joseph. 

Perry,  Herbert  Brainord. 

Perry,  Joseph  Frank. 

Perry,  Martha. 

Petersen,  Alfred  Charles  Nich- 
olas. 

Petersen,  Henrik  Georg. 

Peterson,  Charles  A  ugustusBur* 
ton. 

Petit,  Alphonse  Hubert. 

Pettee,  John  Harris. 

Pfaff,  Franz  Ludwlg  Frledrlch 
Ernst. 

Pfarre,  Edward  Robert. 

Pfefferkom,  Charles  Hermann. 

Pfefferkom,  Ferdinand  Carl 
Ludwlg. 

Pfelffer,  Jens  Panlus  Immanuel. 

Phelps,  James  Richardson. 

Phelps,  John  Samuel. 

Phelps,  Olney  Windsor. 

Phlllimore,  Frederick  George. 

Phillips,  Charles  Hiram. 

Phillips,  Eugenie  Marlon. 

Phillips,  Freeman  Allen. 

Phillips,  Leslie  Almond. 

Phillips,  Wilson  Frank. 

Phlppen,  Hardy. 

Phipps,  Walter  Andros. 

Pick,  Albert. 

Pickard,  Isaiah  Lovell. 

Pidgin,  Lucy  Sturtevant. 

Pierce,  Andrew  Martin. 

Pierce,  Appleton  Howe. 

Pierce,  Frank  BenneviUe. 

Pierce,  Ganlner  Cari^^nter. 

Pierce,  George  Burgess. 

Pierce,  George  Jacob. 

Pierce,  Helen  Frances. 

Pierce,  Matthew  Vassar. 

Pierce,  Wlllard  Henry. 
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A  Pierson,  Henry  Walter. 

A  Pigeon,  James  Cogswell  Dnma- 
resque. 

I)  Pike,  Forrest  Fay. 

A  Pike,  Forrest  Wiley. 

A  Pike,  Lucy  Johnson. 

D  Pilgrim,  Maurice  Flschor. 

D  Pilling,  Simeon  Orison. 

D  PiUsbary,  Ernest  Dean. 

E  Pillsbury,  Frederick  Alnsworth. 

A  Pillsbury,  George  Uarlin. 

D  Pillsbury,  Warren  Wilbur. 

B  Pinkham,  Arthur  Clarance. 

A  Pinkham,  George  Edwin. 

A  Pinkham,  Joseph  Gurney. 

A  Piper,  Frank. 

D  Piper,  Fred  Smith. 

A  Pirlot,  Julius  Adrien. 

A  Pitcher,  Herbert  Frank. 

A  Pitcher,  Samuel. 

A  Pitkin,  Leonard  Fox. 

A  Pitman,  Benjamin  Fosdick. 

A  Pitt,  Thomas  Smith. 

D  Pitta,  Joao  Carlos  da  Sllva. 

A  Pixley,  Elbridge  Simpson. 

A  Piatt,  Belle  Joanna. 

A  Plimpton,  Lewis  Henry. 

A  Plummer,  Edward  Marwick. 

C  Plummer,  Frank  Wentworth. 

D  Plummer,  Frederic  Howard. 

D  Plummer,  Francis  Joseph. 

C  Plummer,  Henry  Lincoln. 

A  Plummer,  Julia  Morton. 

D  Plummer,  Paul. 

A  Plunkett,  Francis  Charles. 

A  Plunkett,  John  Lawrence. 

D  Poirier,  Alfred. 

A  Poirier,  Emile. 

£  Poitras,  Joseph  Francois Xavler. 

A  Pollock,  Lewis  Lawrence. 

A  Pomerat,  Charles  Marins. 

A  Pomeroy,  Hiram  Sterling. 

A  Pomeroy,  Stephen  Franklin. 

A  Pomeroy,  William  Henry. 

P  Pond,  Eleanor  Dorcas. 

A  Pool,  Charles  Bret. 

A  Poole,  George  Fred. 

A  Pope,  Frank  Fletcher. 

A  Pope,  Irvine  Clarendon. 

A  Porter,  Charles  Allen. 

A  Porter,  Charles  Bumham. 

C  Porter,  Charles  Ilsley. 

A  Porter,  Francena  Elizabeth. 

A  Porter,  Francis  Edward. 

P  Porter,  Fred  Knight. 

P  Porter,  Hertiert  Kent. 

A  Porter,  l4iura  Maxwell. 

P  Porter,  Margaret  Cochran  De- 
war. 


A  Porter,  Omer  Pillsbury. 

D  Porter,  William  Jamea. 

A  Post,  Abner. 

A  Pothier,  Joseph  Cbariee. 

D  Potter,  Frances  Waaon. 

A  Potter,  La  Foi-reat. 

D  Potter,  Lester  Forest. 

A  Potter,  William  Gage. 

A  Potts,  Joseph  Henry. 

A  Poulin,  Damase  Mark. 

D  Pound,  John  C. 

D  Powell,  Jonathan  Rider,  Jr. 

P  Powell,  Lefferta  Morrell. 

A  Powers,  Abner  Howard. 

A  Powers,  Edward  Joseph. 

A  Pratt,  Calvin. 

A  Pratt,  Charles  Albert. 

A  Pratt,  Charles  Augustas. 

A  Pratt,  Charles  Sumner. 

B  PraU,  Edwin  Alton. 

D  Pratt,  John  Edward. 

A  Pratt,  John  Frank. 

A  Pratt,  John  Wa»hbam. 

A  Pratt,  Joseph  Chester. 

P  Pratt,  Joseph  Hersey. 

B  Pratt,  Samuel  Barker. 

B  Pratt,  Thomas  Choate. 

A  Preble,  Wallace. 

D  Prifontalne,  Louis  Aur^le. 

A  Prentiss,  Harold  Townsend. 

A  Prentiss,  Henry  Conant. 

A  Presbrey,  Silas  Dean. 

A  Presoott,  Charles  Dudley. 

D  Prescott,  Royal  Blood. 

A  Prescott,  William  Herbert. 

D  Preston,  James  Louia. 

D  Prevaux,  John  Jacob. 

D  Price,  Walter  Herbert. 

A  Primeau,  Narclsse  Arthur. 

A  Prince,  Morton  Henry. 

A  Prindle,  Charles  Henry. 

A  Prior,  Charles  Edwin. 

D  Prior,  James  EdwaitL 

D  Prisoo,  Nicola. 

A  Procter,  Percy  Clement. 

A  Procter,  Thomas  Walter. 

A  Proctor,  Francis  IngersoU. 

B  Proctor,  Hannah  Maria. 

D  Proctor,  John  Donald. 

E  Proctor,  Joseph  Whipple. 

A  Proulx,  Jean  Thomaa  PhlUaa. 

A  Prouty,  Albert  Henry. 

C  Provan,  Robert. 

P  Provandle,  Paul  Hector. 

P  Pulslfer,  Thomaa  Bemon. 

A  Pureell,  Thomaa  AqulAaa. 

P  Purvis,  Alice  Hatbeway. 

A  Putnam,  Charles  PlcfcOTinf . 

P  Putnam,  Charles  RoaMll  tiovdi. 
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c 

Putnam,  Charles  WIUU. 

A 

Reed,  William  Oilman. 

A 

Putnam,  Jamee  Jackson. 

B 

Reeder,  Albert. 

A 

Putnam,  Joseph  Morrill. 

A 

Reeves,  Harriet  Elm  Ira. 

A 

Putnam,  Mary  Parks. 

D 

Reid,  Eustace  Palmer. 

A 

Putnam,  Thomas  Joy. 

B 

Reid,  Francis  Walsh. 

A 

Putnam,  Wlllard  Abram. 

A 

Reld,  Robert  Alexander. 

A 

Qua,  Lester  Robert. 

D 

Remillard,  Joseph  Laury. 

A 

Quackenboss,  Alexander. 

A 

Remington,  John  Alfred. 

A 

Quimby,  Samuel  Foster. 

B 

Rencurrel,  Manuel  Emile. 

A 

Qttlmby,  Sumner  Ferdinand. 

A 

Reynolds,  Edward. 

A 

Qulnby,  Hosea  Mason. 

A 

Reynolds,  Henry  Vose. 

A 

Quincy,  Henry  Parker. 

B 

Reynolds*  Hiram  Creamer. 

D 

Quinlan,  Henry  Francis. 

C 

Reynolds,  John  Phillips. 

A 

Quint,  Norman  Perkins. 

D 

Rhodes,  Frank  Edson. 

A 

Rabethge,  Charles  Armand. 

A 

Rhoads,  George. 

A 

Babinovich,  Helen. 

A 

Rice,  Albert  James. 

A 

Race,  Gorton  Herbert. 

A 

Rice,  Albert  Raymond. 

B 

Racine,  Ernest  Eusibe. 

D 

Rice,  Alger  William. 

A  Raddln,  Frank  Stocker. 

B  Radcliff,  Sue. 

A  Rand,  John  Prentice. 

A  Rand,  John  William. 

A  Rand,  Nehemlah  Wheeler. 

A  Rand,  Richard  Baxter. 

B  Randall,  Arthur  Theodore. 

B  Randall,  Charles  H. 

A  Randall,  Charles  Lawrence. 

B  Randall,  Clifford  Walcott. 

A  Randall,  Francis  Brew. 

A  Randell,  Leo. 

B  Randell,  Otis  Gray. 

A  Rankin,  Thomas  Bavld. 

B  Ranks,  Walter  Hildreth. 

A  Ranney,  Archibald. 

C  Ransom,  Nathaniel  Morton. 

B  Rappoport,  Abraham. 

A  Rawson,  Charles. 

A  Rawson,  George  Wallace. 

C  Ray,  John  Edward. 

B  Raymond,  Charles  Nevler. 

A  Raymond,  Richard  Michael. 

B  Raynes,  Myrton  Berry. 

A  Read,  RolMrt  McLellan. 

B  Read,  Wlllard  Fulton. 

B  Reagh,  Arthur  Lincoln. 

B  Rearden,  Thomas  Francis. 

B  Reardon,  Timothy  Joseph. 

B  Record,  Wellington. 

B  Reddy,  Joseph  Warren. 

A  Redfeam,  Joseph. 

A  Redmond,  James  William. 

B  Redmond,  Thomas  Henry. 

A  Reed,  Albert  Church. 

A  Reed,  Andrew  Fairfleld. 

C  Reed,  Asa  Pingree, 

A  Reed,  Clara  Beborah  Whitman. 

A  Reed,  Thomas  Greenbalgta. 

A  Reed,  Robert  Gates. 

B  Reed,  Victor  Augustus. 


B  Rice,  Austin  Bradford. 

A  Rice,  Charles  Henry. 

A  Rice,  Frederick  Wlnslow. 

A  Rice,  George. 

A  Rice,  George  Brackets 

A  Rice,  George  Le  Roy. 

A  Rice,  Harry  Edwin. 

A  Rice,  Joseph  Marcus. 

B  Rice,  Thomas. 

B  Rice,  Walter  Henry. 

A  Rich,  Frank  Urbanus. 

B  Rich,  Herbert  Lowell. 

B  Richard,  Alfred  Edouard. 

A  Richard,  Marcel. 

A  RIchard8„Carollne  Maria. 

A  Richards,  George  Edwards. 

A  Richards,  George  Lyman. 

B  Richards,  James  Forsaith. 

A  Richards,  William. 

A  Richardson,  Anna  Gove. 

A  Richardson,  Benjamin  Franklin. 

A  Richardson,  Edward  Blake. 

A  Richardson,  Emily  Metcalf. 

A  Richardson,  Frank  Chase. 

A  Richardson,  Mark  Wyman. 

A  Richardson,  Maurice  Howe. 

A  Richardson,  WllIlAm  Lambert. 

A  Richardson,  William  Shedd. 

A  Richmond,  Ernest  Balton. 

B  Richmond,  Laurlston  Amazlah. 

B  Richmond,  Mary  Lovejoy. 

B  Richmond,  Simon. 

A  Ricketson,  Arthur. 

B  Rideout,  Herman  Leslie. 

B  Ridley,  John  William. 

B  Riley,  Elizabeth  Angela. 

A  Riley,  John  Henry. 

A  Riley.  Thomas. 

A  Ring,  Allen  Mott. 

B  Ring,  Arthur  Hallam. 

B  Riopelle,  Alexander  Joseph. 
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A 

Ripley,  Frederick  Jerome. 

A 

Rollins,  Charlotte  Abbie. 

A 

Ripley,  William  King. 

A 

Rollins,  William  Herbert. 

D 

Bitter,  Henry. 

V 

Romel,  Trolano. 

C 

Rix,  Frnnk  Reader. 

C 

fionayne,  David  Patrick. 

D 

Roach,  George  Eroest. 

B 

Root,  Alice  Lucinda. 

A 

RobbluB,  KUlott  Daniel. 

B 

Root,  John  Reynolds. 

D 

Robblns,  Blmer  Elsworth. 

A 

Root,  Richmond  Barbour. 

A 

Robbins,  Fred  Glbeon. 

B 

Roscoe,  Tom. 

D 

RobbiDB,  Fred  McAnsIan. 

E 

Rose,  Alwyn. 

D 

Robblns,  Frederick  Carver. 

A 

Rose,  Daniel  Campbell. 

A 

Robblns,  James  Henry. 

A 

Roseman,  Milton  Joseph. 

B 

Robert,  Albert  Napoleon. 

D 

Ross,  Ellsworth  Frank. 

£ 

Robert,  George  Clovls. 

D 

Ross,  Frank  Augustus. 

A 

Roberts,  Dolphin  Pernanders. 

A 

Ross,  George  Iviaon.  * 

D 

Roberts,  Frederick  Alpha. 

D 

Ross,  Lydla. 

A 

Roberts,  George  Kerr. 

D 

Ross,  Robert  Oswald. 

A 

Roberts,  Henry  Ambrose. 

D 

Ross,  Walter  Howard. 

A 

Roberts,  Isaac  Lincoln. 

B 

Rosson,  Emma. 

A 

Roberts,  Llnnens  Alton. 

A 

Rotch,  Thomas  Morgan. 

A 

Roberts,  Oscar  Samuel. 

A 

Roth,  Edward. 

A 

Roberts,  Oscar  Waldo. 

D 

Rotheram,  Marie  Cecelia. 

A 

Roberts,  Osmon  Osmore. 

D 

Rothfuchs,  Charles  ChristUa. 

D 

Roberts,  Stephen  Martlndale. 

D 

Rothwell,  Charles  Robert. 

A 

Robertson,  James  Douglas. 

A 

Ronller,  Jacobum  Philllppe. 

C 

Robey,  William  Henry,  Jr. 

A 

Round,  Artlmr  Morey. 

A 

Roble,  Walter  Franklin. 

D 

Rounds,  Daniel  Willis. 

A 

Robinson,  Albert  Brown. 

A 

Rourke,  Joseph  Edward. 

A 

Robinson,  Alexander  Lincoln. 

A 

Routhler,  Michael  Omer. 

D 

Robinson,  Arthur  Thayer. 

A 

Rovinsky,  Alexander. 

D 

Robinson,  Ernest  Franklin. 

A 

Rowe,  Alice  EUaa. 

A 

Robinson,  Ernest  Frederick. 

A 

Rowe,  George  Howard  Malcolm. 

A 

Robinson,  Florence  Nightingale. 

C 

Rowen,  Henry  Stanislaus. 

D 

Robinson,  Francis  Arnold. 

A 

Rowley,  William. 

D 

Robinson,  Fred  HUyard. 

A 

Roy,  James  McDonald. 

A 

Robinson,  Oilman  Parker. 

D 

Roy,  Joseph  Ferdinand  EUear. 

A 

Robinson,  Jonathan  Henry. 

A 

Roy,  Joseph  Honnldas. 

A 

Robinson,  Joseph  Henry. 

•D 

Roy,  Joseph  Napoleon. 

A 

Robinson,  Lucy  Morton. 

A 

Roy,  Louis  Joseph. 

D 

Robinson,  Mary  Emma  Bliss. 

A 

Roy,  Pramath  Nath. 

B 

Robinson,  Millard  Lyman. 

A 

Royal,  Herbert  Beqjamln. 

A 

Robinson,  Thomas  Johns. 

A 

Ruddtck,  William  Henderson. 

A 

Robinson,  Wilholmus  Bogart. 

A 

Ruggles,  Wlllard  Osman. 

A 

Robinson,  William  Henry. 

A 

Runnells,  Andrew  Jackson. 

D 

Robinson,  William  Perry. 

A 

Ruppel,  Emll  Carl  Fraaer. 

A 

Roche,  Thomas  Francis. 

A 

Ruppel,  Myra  Daniel  Allen. 

D 

Roche,  Thomas  Francis. 

C 

Russegue,  Henry  Elmore. 

A 

Rochetto,  Louis  Victor. 

D 

Russell,  Edward  Ervin. 

D 

Rockafellow,  John  Chester. 

A 

Russell,  Flora  Smith. 

D 

Rockwell,  Herbert  George. 

D 

Russell.  Frederick  Jamea. 

A 

Rockwell,  John  Arnold. 

A 

Russell,  Frederick  William. 

B 

Roff,  Moses. 

A 

Russell,  John  Henry. 

A 

Rogers,  Albert  Edward. 

B 

Russell,  John  Perkins. 

A 

Rogers,  Charles  Rufus. 

C 

Russell,  Julia  Ann  Bray. 

A 

Rogers,  Frank  Alvln. 

C 

Russell,  Simon  Janes. 

D 

Rogers,  Gorham  Davis. 

A 

Russell,  Trueman  Everett. 

A 

Rogers,  OrvlUe  Forrest. 

D 

Russell,  Walter  Aloyelns. 

B 

Rogers,  Triton  Raphel. 

A 

Russell,  William  Henry. 

A 

Rohrer,  Sofler  Rudolf. 

D 

Russell,  Willis  Adama. 

A 

Rolfe,  William  Alfred. 

B 

Rust,  Charles  MMinlng. 
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D 

RuBt,  Frank  Lee  Drummond. 

A 

Sawyer,  Charles  Milton. 

D 

Ruttor,  Clara  Hannah  Rogers. 

D 

Sawyer,  Edward  Allen. 

D 

Ryan,  DennU  Matthew. 

£ 

Sawyer,  Edward  Keyes. 

D 

Ryan,  John  Francis. 

A 

Sawyer,  Elihu  LeRoy, 

A 

Ryan,  John  Lawrence. 

B 

Sawyer,  Emily  Harriet. 

A 

Ryan,  Philip  MarcelluB. 

A 

Sawyer,  Frank  Wade 

A 

Ryan,  William  John. 

A 

Sawyer,  Herbert  Houston. 

D 

Ryder,  Charles  Edward. 

B 

Sawyer,  Katie  Sarah. 

A 

Ryder,  Godfrey. 

A 

Sawyer,  Walter  Fairbanks. 

D 

Ryder,  James  William. 

A 

Sawyer,  Wesley. 

A 

Sabine,  George  Krana. 

A 

Sawyer,  Willis  Herbert. 

A 

Sackett,  Harry  Robert. 

D 

Sayles,  Joseph  Borland. 

A 

Baflbrd,  Mo^es  Victor. 

A 

Scales,  Edward  Payson. 

D 

Saiford,  Wilber  Pray. 

D 

Scales,  Robert  Bass. 

A 

Saltmarsh,  Seth. 

A 

Scannell,  Michael  Edward. 

A 

Sampson,  Lottie  Emma. 

A 

Schaake,  Frederick  Henry. 

B 

Sampson,  Nellie. 

A 

Schiller,  Louis  Edouard. 

A 

Sanborn,  Edwin  Aaron. 

E 

Schmidt,  Frederick  Sextus. 

A 

Sanborn,  Emma  Mary  Eastman. 

A 

Schneider,  Jacob  Philip. 

A 

Sanborn,  Frederick  James. 

D 

Schofleld,  Benjamin  Franklin. 

C 

Sanborn,  John  Eat^tman. 

D 

Schoonmaker,  Arthur  Twlng. 

D 

Sanborn,  John  Wesley. 

D 

Schubmehl,  Frank  Edward. 

A 

Sanborn,  Joseph  Lander. 

C 

Scoboria,  Arthur  Gilmore. 

A 

Sanborn,  Kate. 

A 

Scofleld,  Walter. 

A 

Sanborn,  Nathan  WlUard. 

B 

ScoU,  Charles  Wlnfleld. 

A 

Sanborn,  Perley  Lewis. 

A 

Scott,  Chester  Walter. 

D 

Sanders,  Charles  Barton.  • 

A 

ScoU,  Cyrus  Wallace.  • 

B 

Sanders,  Edwin  Melvln. 

A 

Scott,  Gavin  Steel. 

B 

Sanders,  James  Samuel. 

B 

Scottl,  Federlco. 

A 

Sanders,  Orren  Bumham. 

A 

Scrlbner,  Ernest  Varlan. 

A 

Sanders,  William  Bemhard. 

A 

Scudder,  Charles  Locke. 

A 

Sanderson,  James  Henry. 

A 

Seaman,  William. 

D 

Sanderson,  Mary. 

A 

Searle,  George  James. 

A 

Sanford,  Edwanl. 

A 

Sears,  Elolse  Augusta. 

D 

San  ford.  Prank  Burton. 

A 

Sears,  George  Gray. 

D 

Sanford,  Margaret  McPhee. 

D 

SearSi  Harry  Edward. 

A 

Sanpt,  Frank. 

C 

Sears,  Henry  Francis. 

D 

Sargent,  Albert  Alonzo. 

A 

Sears,  Henry  Thatcher. 

A 

Sargent,  Ara  Nathaniel. 

D 

Sears,  Stephen  Hull. 

A 

Sargent,  Charles  Samuel. 

A 

Seelye,  Hiram  Henry. 

C 

Sargent,  George  Amory. 

A 

Seel  ye,  Ralph  Holland. 

A 

Sargent,  George  Bancroft. 

B 

Segool,  Hyman. 

A 

Sargent,  Lorenzo  Dow. 

A 

Segur,  W 11  lard  Blossom. 

A 

Sargent,  Orin  Shaw.     . 

A 

Seip,  Charles  Lewis. 

A 

Saunders,  Ambrose  Courtis. 

D 

Selby,  John  Conlay. 

r 

Saunders,  Levi. 

A 

Selee,  Annie  Maud. 

D 

Savage,  Ross  Eliot. 

A 

Sellew,  Philip  HamUton. 

A 

Savard,  Alfred  Henry. 

A 

Selling,  Leo  Milton. 

A 

Savlgnac,  Arthur. 

A 

Selva,  Julius. 

C 

Saville,  Sumner  Carrutta. 

0 

Senay,  Joseph. 

A 

Sawln,  CharleB  Dexter. 

B 

Senter,  George  Eldredge. 

A 

Sawin,  Robert  Valentine. 

A 

Serljanlan,  Tatios  Kasbar. 

A 

Sawtelle,  Benjamin  Albert. 

A 

Severance,  William  Lyman. 

A 

.  Sawtelle,  George  Bas<*ett. 

A 

Severance,  William  Sidney. 

A 

Sawtelle,  Henry  Winchester. 

A 

Sewall,  John  Jasper. 

D 

Sawyer,  Alfred  Stanford. 

D 

Sewny,  Kar^keen  Heklmlan. 

A 

Sawyer,  Alzaman. 

D 

Sexton,  James  Henry,  Jr. 

A 

Sawyer,  Benjamin  Addison. 

A 

Seymour,  Christopher. 

D 

Sawyer,  Carleton. 

A 

Seymour,  James  Dwight. 
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A 

Seymour,  Susan  Pheland. 

A 

Shores,  Harvey  Towle. 

A 

Shackford,  Charles  Harrison. 

A 

Shreve,  Octavius  Barrel]. 

D 

Shanataan,  Edward  Joseph. 

D 

Shttltis,  Frederick  Charles. 

A 

Shanahan,  John. 

C 

SfaurtleflT,  Augustine. 

D 

Shanahan,  Thomas  Joseph. 

A 

ShurtleflT,  Eugene. 

A 

Shannon,  Nat  Vaughn. 

A 

Shurtleff,  Frank  Atwood. 

A 

Shaplra,  Israel  Jarlus  EUhaf. 

A 

Shurtleff,  Fred  Cazeaux. 

A 

Shapleigh,  Alfred  Lindsay. 

A 

Shurtleff,  George  Frederick. 

D 

Sharp,  Leedoni. 

A 

Shurtleff*,  Henry  Austin. 

A 

Sharp,  Walter  Nevln. 

D 

Shurtleff,  .Tames  Frederick. 

D 

Shatswell,  James  Arthur. 

D 

Shurtleff,  Walter  Davis. 

D 

Shattuck,  Albert  MUo. 

A 

Sibley,  Hartwell  Augustas. 

A 

Shattuck,  Charles  Harvey. 

A 

Sidney,  Austin  Wilbur. 

D 

Shattuck,  Edwin  Chase. 

A 

Siggins,  John  Jacob. 

A 

Shattuck,  Frederick  Cheeyer. 

B 

SlU,  John  Wellesley. 

A 

Shattuck,  George  Brune. 

A 

Sllva,  FraoclB  Pierce. 

A 

Shaw,  Albert  Joel. 

A 

Simmons,  Clara  Congdon. 

A 

Shaw.  Arthur  John. 

A 

Simmons,  William  Edmund. 

B 

Shaw,  Charles  Albert. 

A 

Simonds  (n«e  Mutter),  MarilU 

A 

Shaw,  Henry  Lyman. 

Reed. 

A 

Shaw,  James  StoU. 

A 

Simpson,  Charles  Edward. 

A 

Shaw,  John  Cook. 

A 

Simpson,  Edmund  S. 

A 

Shaw,  John  Holbrook. 

A 

Simpson,  George  Foster. 

A 

Shaw,  John  Joseph. 

A 

Simpson,  James  Edwin. 

D 

Shaw.  John  Port. 

B 

Simpson,  John  Thomas  Lionel. 

A 

Shaw,  Sarah  Jane  Hutchinson, 

A 

Simpson,  William  Langdon. 

D 

Shaw,  Thomas  Bond. 

B* 

Sims,  Charles  Hawkins. 

A 

Shaw,  Thomas  Plerpont. 

A 

Sinclair,  Alexander  Doull. 

I> 

Shaw,  William  Hubbard. 

A 

Sinclair,  William  Albert. 

A 

Shay,  Thomas  McGulre. 

A 

Sisklnd,  Alexander  Louia. 

D 

Shea,  John  Francis. 

A 

Slsson,  Edward  Botch. 

D 

Shea,  John  Joseph. 

D 

Skelton,  Grace  Evelyn. 

A 

Shea,  Thomas  Bernard. 

A 

Skinner,  Edward  Manning. 

D 

Shea,  Peter  Owen. 

A 

Skinner,  John. 

E 

Sheahan,  Joseph  Maurice. 

D 

Slack,  Francis  Hervey. 

E 

Sheehan,  Maitin  David. 

A 

Slattery,  John  Richard. 

A 

Sheehan,  William  Joseph. 

A 

Slayter,  John  Theodore  Hard- 

A 

Sheehy,  William  Clinton. 

ing. 

A 

Sheldon,  Chauncey  Cooley. 

A 

Slayton,  William  Taft. 

A 

Shepard,  James  Alroon. 

A 

Sleeper,  Walter  JulUn. 

B 

Sfaepardson,  Oscar  Jerome. 

D 

Slettengren,  Oscar. 

C 

Shepherd,  Hovey  Learned. 

C 

Slocomb,  George  Albert. 

A 

Shepherd,  Susan  Symonds. 

A 

Small,  Herbert  Elwyn. 

A 

Sheridan,  Oliver  Michael. 

A 

Small,  John  Wesley. 

A 

Sherman,  Charles  Francis. 

D 

Small,  Richard  Dresser. 

A 

Sherman,  Frank  Morton. 

A 

Small,  Whltmell  Pugh. 

B 

Sherman,  James  Henry. 

D 

Smalley,  Fred  Lyman. 

A 

Sherman,  James  Turner. 

D 

Smart,  Prank  Everard. 

A 

Sherman,  John. 

X 

Smitti,  Alfred  Charles. 

A 

Sherman,  John  Howard. 

A 

Smith,  Arthur  Vincent. 

A 

Sherman,  Mary  Hastings. 

A 

Smith,  Asa  Dennis. 

A 

Sherman,  Sarah  Eva. 

A 

Smith,  Charles  John  James. 

A 

Sherman,  William  Sprague. 

A 

Smith,  Charlea  Morton. 

D 

Sherskefsky,  Cedlld  Laude. 

A 

Smith,  Charles  Sherman. 

A 

Sherwin,  Aurellus  Calvin. 

D 

Smith,  Chiron  WatervUle. 

E 

Sherwood,  Walter. 

A 

Smith,  Daniel  Patrick. 

D 

Sherwood-Dunn,  Berkeley. 

B 

Smith,  David  Wiley. 

A 

Shirley,  Allen  Lincoln. 

A 

Smith,  Ella  Oertrade. 

D 

Shlsler,  William  Henry. 

A 

Smith,  Esra  Algernon* 
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D 

Smith,  Frank  Llewellyn. 

D 

Spald,  Charles  Jacob. 

A 

Smith,  Frank  Simpson. 

A 

Spalding,  Charles  Franklin. 

A 

Smith,  Franklin  Benjamin. 

D 

Spalding,  Fred  Maurice. 

C 

Smith,  Fred  SteTens. 

D 

Spalding,  Harry  Osgood. 

A 

Smith,  Frederick  Glazier. 

A 

Spalding.  Henry  Edwin. 

A 

Smith,  George  Herbert. 

B 

Spalding,  Jacob  Franklin. 

A 

Smith,  George  La  Breche. 

A 

Spalding,  Samuel  Hopkins. 

A 

Smith,  Henry  Marcellus. 

A 

Sparbawk,  Clement  Willis. 

A 

Smith,  Herbert  Llewellyn. 

A 

Sparrow,  William  Edward. 

A 

Smith,  Hermon  Joseph. 

D 

Spaulding,  Charles  Lester. 

A 

Smith,  Hiram  Fred  Markley. 

F 

Spaulding,  Ebenezer  Farrlng- 

A 

Smith,  Homer  A  Ivan. 

ton. 

D 

Smith,  James  Gardner. 

A 

Spear,  Edmund  Doe. 

D 

Smith,  James  Jay. 

C 

Spears,  George  William. 

D 

Smith,  Jeremiah  Banlet. 

B 

Spencer,  Emily  Jone. 

D 

Smith,  John  Hall. 

A 

Spencer,  Esek  Edwin. 

A 

Smith,  Jonathan  Jason. 

C 

Spencer,  George  Albert. 

D 

Smith,  Joseph  Arthur. 

A 

Spencer,  George  Frederick 

A 

Smith,  Joseph  Heber. 

Allen. 

B 

Smith,  Julia  Ann  CrafU. 

A 

Spencer,  William   Warren  Co- 

A 

Smith,  Lawrence  Sumner. 

nant. 

B 

Smith,  Levi  Jasper. 

A 

Spooner,  George  Robert. 

D 

Smith,  Lewis  Albert. 

B 

Spooner,  Henry  Garrettson. 

D 

Smith,  Marshall  Evans. 

A 

Spooner,  John  Winthrop. 

A 

Smith,  Mary  Almira. 

A 

Sprague,  George  Percy. 

A 

Smith,  Murdock  Campbell. 

A 

Sprag^e,  Phebe  Ann. 

D 

^mith,  Peter  Matthew. 

A 

Sprague,  Rufus  William. 

D 

Smith,  Samuel  Flnlay. 

D 

Spratllng,  Edgar  Johnson. 

A 

Smith,  Sumner  Phlnney. 

A 

Spring,  Clarence  Walter. 

A 

Smith,  Thomas  Burke. 

A 

Springer,  Nathan  Ayer. 

A 

Smith,  Walter  Anson. 

A 

Squier,  Angelo  Orln. 

D 

Smith,  William  Henry. 

B 

Stack,  Charles  Francis. 

C 

Smith,  William  Lord. 

A 

St.  Clair,  Austin  Emery. 

A 

Smith,  Wlnfleld  Scott. 

A 

St.  Dennis,  Joseph  Kelson. 

A 

Smlthwlck,  .John. 

D 

St.  George,  Archibald. 

C 

Smithwick,  Marsena  Parker. 

A 

St.  George,  Norman. 

A 

Smyth,  Herbert  Edmund. 

A 

St.  Georges,  Wilfred  Mark. 

D 

Smyser,  Charles  James. 

A 

St.  Germain,  Joseph  Pierre. 

A 

Snow,  Asa  Vernon. 

A 

St.  Germain,  Valmore. 

D 

Snow,  Henry  Curtis  Butler. 

A 

St.  Jacques,  Joseph  Robert. 

A 

Snyder,  Charles  Wight. 

D 

St.  Marie,  Philippe. 

D 

Solomon,  Florence  Augusta. 

A 

Stackpole,  Frederick  Dabney. 

B 

Solomon,  James  Madison. 

A 

Stackpole,  George  Edmund. 

B 

Solomon,  Sarah  Augusta. 

A 

Stacy,  Charles  Franklin. 

B 

Solomon,  William  Burr. 

A 

Stafford,  Frank  Dalmon. 

A 

Somers,  John  Edward. 

B 

Stahl,  Alfred  Franz. 

A 

Soper,  Lyman  White. 

A 

Standish,  Myles. 

A 

Sopher,  Curtis  Levi. 

A 

Stanley,  Charles  Sullivan. 

C 

Sosnoskl,  Philip. 

A 

Stanley,  George  Henry. 

D 

Soule,  Horace  John. 

A 

Stanley,  Josiah  Marsh. 

B 

Soule,  John  Albion. 

D 

Stanley,  Leonard  Gove. 

A 

Soules,  Silas  George. 

D 

Stanley,  Mark  Page. 

D 

Sousa,  Jayme  Ernesto  Salazar 

A 

Stanton,  Jere  Edmund. 

D'Efia  e. 

C 

Stanton,  Thomas  Leo. 

A 

Souther,  William  Towle. 

A 

Stapleton,  Richard  Henry. 

B 

Southgate,  George  Alonzo. 

A 

Starbird,  Edward  Perley. 

A 

Southgate,  Robert  William. 

A 

Starblrd,  Isaac  Warren. 

A 

Southwick,  George  Rlnaldo. 

D 

Starbuck,  Joseph  Clinton. 

D 

Southworth,  Thomas  Shepard. 

D 

Stark,  Maurice  Albert. 
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D 

Starkweather,  Charles  Robeit. 

D 

Stlllwell,  Benjamin  Watson. 

B 

Starr,  Christopher  Hamlin. 

A 

StUson,  Willard  Charles. 

A 

Stea<lmaD,  John  Abraham. 

A 

Stlnson,  John  Woodbury. 

A 

Stearns,  Charles  A. 

F 

Stocker,  Alfred  Augustas. 

A 

Stearns,  Charles  Gotldard. 

D 

Stockwell,  Edgar  Washbam. 

C 

Steams,  Daniel  Waldo. 

D 

Stock  well,  George  Norman. 

A 

Stearns,  George  Washington. 

D 

Stockwell,  Herbert  Emmona. 

A 

Stearns,  Isaac  Holden. 

A 

Stoddard,  Henry  Bradlah. 

A 

Stebblns,  George  Stanford. 

D 

Stoddard,  Mortimer  Joseph. 

B 

Stebblns,  Marlon  Rowena  Hay- 

D 

Stodder,  Charles  William. 

ward. 

A 

Stokes,  William  Royal. 

A 

Stedman,  Charles  Ellerj. 

A 

Stone,  Arthur  Kingsbury. 

A 

Stedman,  George. 

D 

Stone,  Arthur  LUe. 

A 

Stedman,  Henry  Rust. 

A 

Stone,  Byron. 

A 

Stedman,  James  Parker. 

A 

Stone,  Charles  Sinclair. 

A 

Stedman,  Joseph  Cyrus. 

A 

Stone,  Ella  Gertrude. 

£ 

Steele,  Harry  Leon. 

A 

Stone,  Frank  Ellsworth. 

A 

Steele,  John  BIcClary. 

C 

Stone,  George  Arthur. 

A 

Steore,  David  Roscoe. 

A 

Stone,  Jamos  Savage. 

B 

Steinberg,  Joseph. 

A 

Stone,  Lincoln  Ripley. 

A 

Stephens,  Edward  Buckmlnster. 

D 

Stone,  Moses  Cornelius. 

A 

Stephenson,  Benjamin  Swift. 

A 

Stone,  Waldo  Hodges. 

B 

Stephenson,  Milton  Elmer. 

B 

Stone,  Wolf. 

A 

Stephenson,  NelHs  Witter. 

A 

Storer,  John. 

E 

Stepp,  Jacob,  Jr. 

A 

Storer,  Malcolm. 

A 

StetPon,  Clarence  Augustus. 

C 

Story,  Alvin  Francis. 

D 

Stetson,  Frank  Eliot. 

D 

Story.  Helen  Louise. 

D 

Stetson,  Frederick  Winslow. 

A 

Stowe,  Willard  Hanley. 

D 

Stetson,  Halbert  Greenleaf . 

A 

Stowell,  Edmund  Channlng. 

A 

Stevens,  Andrew  Jackson. 

A 

Stowell,  Jacob,  Jr. 

B 

Stevens,  Charles  Albert. 

C 

Stowell,  Maud  Evelyn. 

A 

Stevens,  Charles  Benjamin. 

A 

Stowell,  Sarah  Russell. 

A 

Stevens,  Charles  Wlstar. 

D 

Straw.  0*Neil  Watson  Boblnson. 

A 

Stevens,  Edmund  Horace. 

D 

Strayer,  Etlgar. 

A 

Stevens,  George  Beckwlth. 

A 

Street,  Charles  Carroll. 

A 

Stevens,  Harry  Laurence. 

A 

Street,  Jerome  Charles. 

A 

Stevens,  Henry  Burt. 

D 

Streeter,  Howard  Alvertus. 

A 

Stevens,  James  Herbert. 

D 

Strickland,  Samuel  Perley. 

D 

Stevens.  Oscar  Howard. 

D 

Strong,  Charles  Howard. 

D 

Stevens,  Ralph  Emerson. 

E 

Strong,  Frederick  Finch. 

D 

Stevens,  Ruey  Bartlett. 

D 

Strong,  Lawrence  Watsoo. 

D 

Stevens,  Sara  Elmlna. 

A 

Strong,  Thomas  Morris. 

A 

Stevens,  Seriah. 

A 

Stuart,  Frederick  Wililam. 

A 

Stevens,  William  Caldwell. 

A 

Stuart,  James  Henry. 

A 

Stevens,  William  Stanford. 

D 

Stubbs,  Frank  Raymond. 

D 

Stevenson,  Arthur  William. 

D 

Sturgis,  Benjamin  Franklin,  Jr. 

D 

Stewart,  Abraham  Lincoln. 

A 

Sturgis,  Russell. 

A 

Stewart,  Anne  Clark. 

D 

Sturgis,  Walter  HoraUo  Wake- 

A 

Stewart,  James. 

man. 

A 

Stewart,  James  Hope. 

A 

Sturtevant,  Charles. 

C 

Stewart,  Lincoln  A. 

A 

Stutson,  William  Peckbanu 

A 

Stickney,  Alonzo  Lawrence. 

D 

Styles,  Myron  Francis. 

A 

Stlckney,  Clifford  Webster. 

A 

SuflDs,  George  Alson. 

A 

Stickney,  Edwin  Pangman. 

E 

Sullivan,  Daniel  Aloysloa. 

A 

Stlckney,  George  Augustus. 

A 

Sullivan,  Daniel  Henry. 

A 

Stiles,  Charles  Wallace. 

D 

Sullivan,  Daniel  Thomas. 

A 

Stiles,  Fred  MerriU. 

D 

Sullivan,  Francis  Angustna. 

C 

BtUes,  Herbert  Kendall. 

A 

Sullivan,  James  Francis. 

A 

Still,  James  Thomas. 

A 

Sullivan,  James  Francis. 
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A 

Su1Iivan>  James  Stephen. 

A 

Tarbell,  George  Grosvenor. 

A 

SalllvaD,  James  Stephen. 

A 

Tasker,  Frank  Edwin. 

B 

Sullivan,  John  Francis. 

A 

Tass^,  Joseph  Chrysantho  Ed- 

A 

Sullivan,  John  Henry. 

ward. 

A 

SulUvan,  John  Langdon. 

A 

Tatum,  Rives. 

A 

Sullivan,  John  Thomas. 

A 

Taylor-Cole,  Anna  Bessie. 

D 

Sullivan,  John  Thomas,  Jr. 

A 

Taylor,  Charles  Warren. 

A 

Sullivan,  Michael  Francis. 

A 

Taylor,  Edward  Wyllys. 

A 

Sullivan,  William  Joseph. 

A 

Taylor,  Esther  Woodman. 

A 

Sumner,  Allen  Bfelancthon. 

A 

Taylor,  Frederic  Weston. 

A 

Suter,  William  Norwood. 

A 

Taylor,  George  Lyman. 

A 

Sutherland,  John  Preston. 

B 

Taylor,  Henry. 

D 

Swain,  Howard  Townsend. 

A 

Taylor.  Jubal  George. 

A 

Swain,  Mary  Lizzie. 

J> 

Taylor,  Stella  Mary. 

D 

Swain,  Oliver  Alden  Tinkham. 

A 

Temple,  Franklin  Stuart. 

A 

Swan,  Charles  Louis. 

A 

Temple,  Hiram. 

A 

Swan,  Charles  Walter. 

A 

Temple,  William  Franklin. 

A 

Swan,  Henry  Storer. 

A 

Ten  Broeck,  Stanton  Jacob. 

A 

Swan,  Jesse  Johnson. 

A 

Tenney,  Benjamin. 

A 

Swan,  Boscoe  Wesley. 

D 

Tenney,  Elmer  Soth. 

A 

Swan,  Will  Howard. 

A 

Tenney,  John  Arthur. 

A 

Swan,  William  Donnison. 

C 

Tenney,  William  Northend. 

A 

Swan,  William  Ellery  Channtng. 

D 

Tessler,  Charles. 

A 

Swasey,  Edward. 

D 

T^teau,  Thomas. 

A 

Swasey,  Oscar  Fitzallan. 

D 

Tliatchcr,  Haines  C. 

A 

Sweeney,  Hilary  Tucker. 

B 

Thayer,  Charles  Nathaniel. 

A 

Sweet,  Charles  Frederick. 

A 

Thayer,  Charles  Paine. 

A 

Sweet,  Clara  Marin. 

A 

Thayer,  Daniel  Ellswoith. 

B 

Sweet,  EUsha  Wilbur. 

A 

Thayer,  Eugene. 

D 

Sweet,  Frederick  Benonl. 

A 

Thayer,  Fred  Lyman. 

B 

Sweet,  Job. 

A 

Thayer,  George  Dickinson. 

£ 

Sweet,  John  Henry,  Jr. 

A 

Thayer,  Henri  Riedelle. 

B 

Sweet,  Orrln  Preston. 

A 

Thayer,  Samuel  Chase. 

D 

Sweet,  Wlllard  Hamilton. 

A 

Thayer,  Samuel  Ezra. 

A 

Sweetsir,  Charles  Leslie. 

B 

Thayer,  Washington  Irving. 

A 

Sweetser,  Frederic  Ellsworth. 

D 

Thayer,  William  Hewins. 

A 

Swett,  George  William. 

A 

Thayer,  William  Sydney. 

A 

Swett,  Percy  Walter. 

A 

Therrien,  Edward  Joseph. 

D 

Swift,  Frederic  Norman. 

E 

Therrien.  John. 

A 

Swift,  John  Baker. 

A 

Thlsscll,  Joseph  Abbott. 

A 

Swift,  Lawrence  Chew. 

B 

Thomas,  Adclida  Annabel. 

A 

Swift,  Robert. 

A 

Thomas,  Caroline  Louise. 

A 

Swift,  William  Nye. 

A 

Thomas,  Charles  Holt. 

D 

Swope,  Dalva  Hamit. 

A 

Thomas,  Flavcl  Shurtleff. 

A 

Sylvester,  Stephen  Alden. 

A 

Thomas,  George  Francis. 

A 

Sylvester,  William  Hillman. 

C 

Thomas,  George  Henry. 

A 

Sylvia,  Manuel  Tictorino. 

A 

Thomas,  John  Jenks. 

A 

Symonds,  Benjamin  Ropes. 

D 

Thomas,  John  Blanchard. 

A 

Synan,  William  Edward. 

D 

Thompson,  Arthur  Percival. 

D 

Syrett,  Edgar  Charles. 

D 

Thompson,  Charles  Arthur. 

D 

Taft,  Albert  A therton. 

A 

Thompson,  Charles  Marsh. 

A 

Taft,  Mary  Florence. 

A 

Thompson,  Charles  Oscar. 

A 

Talliot,  George  Henry. 

A 

Thompson,  Eben. 

A 

Talbot,  Israel  Tisdale. 

A 

Thompson,  Edward  Charles. 

A 

Talbot,  Winthrop  Tisdale. 

D 

Thompson,  Edward  Henry. 

A 

Tallman,  Augustus  Littlefleld. 

A 

Thompson,  Frederick  Henry. 

B 

Tallman,  William  Cyprian. 

A 

Thompson,  George  Eben. 

D 

Tamlnosian,  Tlmotheus. 

C 

Thompson,  Harry  John. 

A 

Tanner,  John  Alexander. 

A 

Thompson,  James  Gillespie. 
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B  Thompeon,  John  Buxton. 

A  ThompBon,  John  Henry. 

A  Thompson,  John  Joseph. 

A  Thorn t>son,  John  McQuald. 

D  Thompson,  John  Stephen. 

B  Thompson,  Marshall  Elery. 

D  Thompson,  Peter  Hunter. 

D  Thompson,  Richard  Henxy. 

A  Thompson,  Richard  Joseph. 

A  Thomson,  George  Francis. 

D  Thorn,  Edwin  Cyrus. 

A  Thomdike,  Augustus. 

A  Thomdike,  Paul. 

A  Thornton,  James  Brown. 

B  Thornton,  William. 

B  Thorpe,  Benjamin  Franklin. 

A  Thorpe,  Edward  Blephalet. 

B  Thnmin,  Samuel. 

A  Thuot,  John  Vincent. 

A  Thurber,  Madison  Templeton. 

B  Thurlow,  Edgar  Theodore. 

A  Thurlow,  John  Howard. 

A  Thurston,  Rufus  Leander. 

A  TIbbetts,  James  Thomas. 

A  Tiemey,  Edward  Howran. 

A  Tierney,  Martin  Henry. 

A  Tigh,  Frederick. 

A  Tllden,  Frank  Elmer. 

B  Tllden,  Irring  Niles. 

A  Tilton,  Edward  James. 

A  Tllton,  Frank  Herbert. 

A  Tllton,  Joslah  Odin. 

A  Tllton,  Letitia  Marie. 

A  Timmlns,  Patrick  Joseph. 

F  Tingley,  Benjamin  Wilson. 

A  Tinker,  Martin  Buel. 

A  Tinkham,  Granville  Wilson. 

A  TIrrell,  Vinson  Meader. 

A  Titcomb,  George  Eugene. 

D  Tobey,  Carter  McVine. 

A  Tobey,  George  Loring. 

A  Tobey,  Walter  Henry. 

A  Tobln,  James  Henry. 

K  Tobln,  John  Henry. 

A  Tolman,  Julia. 

A  Tompkins,  Albert  Henry. 

A  Toomey,  John  Peter. 

A  Toomey,  Thomas  Patrick. 

D  Toothaker,  Horace  Edward. 

D  Torrey,  John  Paine. 

A  Torrey,  Noah. 

A  Torrey,  Samuel  William. 

A  Tower,  Charles  Bates. 

A  Tower,  Frederick  Russell. 

•  A  Tower,  George  Augustus. 

D  Towle,  Benjamin  Newell. 

D  Towle,  Charles  Edward. 

A  Towle,  Fred  Scates. 

A  Towle,  Haryey  Parker. 


A  Towle,  Henry  Charles. 

B  Towne,  Charles  Jefferson. 

B  Tovrne,  William  Alexander. 

A  Townsend,  Charles  Wendell. 

C  Townsend,  WlUls  Merrick. 

B  Tracy,  Christopher  Columbni. 

A  Tracy,  Edward  Aloysluet. 

A  Tracy,  Thomas  Henry. 

A  Trafton,  Alonzo  Gardiner. 

D  Tralnor,  John  Brett. 

D  Traver,  Alvah  Harry. 

A  Traver,  Edward  Clarenoe. 

C  Treanor,  John  Peter. 

A  Trecartln,  David  Mnnson. 

A  Trembley,  Daniel  Glbbs. 

D  Tresillan,  Florence  Harvey. 

D  Tripp,  George  Alston. 

A  Trow,  Cornelius  Gllman. 

A  Trow,  William  Marshall. 

A  Trowbridge,  Edward  Henry. 

A  Trudeau,  Wilfrid. 

A  Trudel,  Jacques  Joseph. 

A  True,  Herbert  Osgood. 

D  True,  Richard  Smith. 

A  Trueman,  Harmon  Silaa. 

A  Trueworthy,  Edwin  Weston. 

D  Truslow,  Walter. 

B  Tuck,  Lucy  Wadsworth. 

A  Tucker,  Edward  Tobey. 

A  Tucker,  Samuel  Chase. 

A  Tucker,  William  Emerson. 

A  Tucker,  Willis  Leroy. 

A  Tully,  Edward  Joseph. 

A  Tupper,  Augustus  Maclanchlan. 

C  Tupper,  John  Darrow. 

A  Turner,  Augustus  Walter. 

D  Turner,  Charles  Haverly. 

D  Turner,  Charles  Humphrey. 

A  Turner,  Maurice,  Worcester. 

D  Tustin,  Ruth. 

A  Tnttle,  Albert  Henry. 

A  Tuttle,  Frances  Caroline, 

A  Tuttle,  George  Herman. 

A  Tuttle,  George  Thomas. 

A  Tuttle.  Karl  Rand. 

A  Twttchell,  Edward  Thayer. 

A  Twltchell,  George  Pierce. 

A  Twombley,  Edward  Idimbert. 

A  Tygesson,  Alfred. 

A  Tyler,  Albert  Mason. 

A  Tyler,  John  Bennett. 

A  Tyler,  Waldo  Henry. 

A  Underbill,  Charlea  Dudley. 

B  Underhlll,  George  Herbert. 

A  Underwood,  David  Gleaitoa. 

D  Underwood.  Francis  Andrew. 

A  Underwood,  George  Baker. 

A  Underwood.  George  Lathaa. 

D  Upham,  Emily  Clark. 
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D 

Upton,  Charles  Louis. 

A 

Walker,  Thomas  Jackson. 

A 

Urlch,  John  Henry. 

A 

Walker,  William. 

C 

Urie,  John  Francis. 

D 

Walker,  William  Pomp. 

A 

TJrqiihart,  John  Edwin. 

C 

Walkley,  William  Samuel. 

A 

Utley,  Edward  Roswell. 

A 

Wallace,  Frank  Huron. 

A 

Utley,  James. 

D 

Wallace,  George  Loney. 

A 

Utley,  Maurice  Howell. 

A 

Waller,  Thomas  Gllmore. 

A 

Valentine,  Henry  Charles. 

D 

Walsh,  Charles  Francis  Adams. 

A 

Van  Allen,  Harvey  Ward. 

A 

Walsh,  Charles  Joseph. 

B 

Van  Alstyne,  Seymour  March. 

A 

Walsh.  Frank  Winfleld. 

D 

Van  Deursen,  George  Livesey. 

D 

Wal«h,  John  Edward. 

B 

Van  Magness,  Benjamin. 

A 

Walsh,  Peter  Duggan. 

D 

Van  Marter,  Le  Roy  John. 

A 

Walton,  George  Lincoln. 

A 

Van  Pelt,  Gertrude  Wyckoff. 

D 

Walton,  William  Joseph. 

D 

Van  Rensselaer,  Henry  Rensse- 

A 

Ward,  George  Otis. 

laer. 

D 

Ward,  Parker  Myles. 

1    D 

Van  Winkle,  Peter. 

A 

Ward,  Rollln  Clayton. 

D 

Vance,  Michael  E. 

E 

Ward,  William  Greenleaf. 

A 

Vander  Burgh,  David  Williams. 

B 

Warden,  Ralph  Alexander. 

A 

Vamey,  Edith  Charles. 

A 

Wardwell,  Percival  Goodwin. 

A 

Varney,  Pred  Elbridge. 

A 

Ware,  William  Goodrich. 

A 

Vaughan,  Charles  Everett. 

A 

Wares,  Abel. 

A 

Vaughan,  Jonas  Hobart. 

A 

Warner,  Carmillus  Turten. 

A 

Vermilye,  Oscar  Eugene. 

D 

Warner,  Charles  Norton. 

A 

Vemer,  Ismael. 

A 

Warner,  Emerson. 

A 

VIckery,  Herman  Frank. 

A 

Warner,  Frederick  Augustus. 

A 

VIckery,  Lucia  Florence. 

A 

Warner,  Henry. 

A 

Victor,  Agnes  Caecilia. 

B 

Warner,  Thomas  Jefferson. 

D 

VIgeant.  Joseph  Edward. 

B 

Warren,  E<lwin  Smith. 

D 

Viger,  Joseph  Edmund  Avila, 

A 

Warren,  Ernest  Leighton. 

A 

Viles,  Clarence  Albertus. 

A 

Warren,  Frank  Randall. 

A 

Vinal,  Frank  Thomas. 

A 

Warren,  Herbert. 

E 

Vlnal,  Harry  Gardner. 

A 

Warren,  Hobart  Endlcott. 

D 

Vlnal,  Walter  Henry. 

A 

Warren,  John  Collins. 

A 

Vincent,  Philip. 

A 

Warren,  John  Kelso. 

B 

Viney,  William  Henry. 

A 

Warren,  Orin. 

A 

Virgin,  Franklin  Pierce. 

D 

Warren,  William  Barnard. 

A 

Vose,  Albert  Churchill. 

B 

Warren,  William  Marvin. 

D 

Vose,  Robert  Henry. 

A 

Warren,  William  Thomas. 

D 

Voss,  John  William. 

A 

Warwick,  James. 

B 

Wade,  George  Washington. 

A 

Washburn,  Elliot 

A 

Wadsworth,  Oliver  Fairfield. 

E 

Washburn,  Frank  Hall. 

A 

Wadsworth,  Peleg. 

D 

Washburn,  Fredeilc  Augustus. 

B 

Wagner,  David. 

A 

Washburn,  Geor^o  Hamlin. 

D 

Wait,  Sheridan  Paul. 

A 

Waterman,  Then  as. 

A 

Waite,  Clarence  Howard. 

B 

Waters,  Samuel  Villlam. 

A 

Waite,  Edwin  Everett. 

D 

Watkeys,  Fredc:  Ick  William. 

A 

Waite,  Lorenzo. 

B 

Watklns,  Charl .  3  Edward. 

A 

Wakefield,  Albert  Tolman. 

A 

Watkins,  Robert  LIdcoIh. 

B 

Wakefield,  Joslah  Judson. 

D 

Watklns,  Royal  Philip. 

D 

Walcott,  Henry  Joel,  Jr. 

C 

Watson,  Francis  Sedge  wick. 

A 

Walcott,  Henry  Pickering. 

D 

Watson,  Frank  Gilman. 

B 

Wales,  Edward  Clarence. 

B 

Watson,  Fred  William. 

A 

Walker,  Alexander  Taylor. 

A 

Watson,  George  Henry. 

A 

Walker,  Augustus  Chapman. 

A 

Watson,  James  Maurice. 

A 

Walker,  Frank  Clifford. 

D 

Watson,  Walter  Lin  wood. 

B 

Walker,  Gut^tavus  Freedom. 

A 

Watson.  William  Pnrkls. 

A 

Walker,  James  Taylor. 

A 

Walters,  William. 

A 

Walker,  James  William. 

A 

Wattles-Faunce,  Mary  Ann. 
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D 

WattB,  Harry  Adelbert. 

D 

West,  Bertha  Helen. 

A 

Walts,  Henry  Fowler  Bansford. 

A 

West,  Edward  Graoff. 

D 

Weaver,  George  Albert. 

A 

West,  George  Leon. 

A 

Webb,  Mary  Elizabeth. 

A 

West,  Henry  Daniels. 

A 

Webb,  Melville  Emerson. 

B 

West,  Pliny  Hume. 

D 

Webb,  Walter  James. 

D 

Westall,  John. 

A 

Webber,  AIodzo  Carter. 

A 

Westergren,  Frances  Clarke. 

A 

Webber,  Amos  Patereon. 

A 

Westqn,  George  Dake. 

A 

Webber,  Frank  Orland. 

A 

Weston,  Isabel  Gray. 

C 

Webber,  Frederick  Ward. 

D 

Westwood,  Mabel  Inez. 

A 

Webber,  George  Franklin. 

A- 

Wetherbee,  Angelina  Gilea. 

D 

Webber,  Henry  Allen. 

A 

Wetherbee,  RosweU. 

A 

Webber,  Horace  Green. 

A 

Wetherbee.  Sarah  LocretU. 

A 

Webber,  Samuel  Gilbert. 

A 

Wetherell,  Arthur  Bryant. 

A 

Webster,  George  Arthur. 

A 

Whalley,  Thompson. 
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